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Decision of the Governing Board adopting the

Bi-annual Work Plan and Budget 2020 - 2021

THE GOVERNING BOARD OF THE CLEAN SKY 2 JOINT UNDERTAKING,

Having regard to the Statutes annexed to Council Regulation n° 558/2014 of 6 May 2014
establishing the Clean Sky 2 Joint Undertaking? ('Clean Sky 2 JU'), and in particular Article 8(2)(d)
and (h),

Having regard to Commission Delegated Regulation (EU) No 624/2014 of 14 February 2014
establishing a derogation from Regulation (EU) No 1290/2013 of the European Parliament and of
the Council laying down the rules for participation and dissemination in Horizon 2020 with regard
to the Clean Sky 2 JU? and in particular its Article 1,

Having regard to the Financial Rules® of the Clean Sky 2 JU, and in particular Articles 15.1 and 31.4,

Having regard to the consultations with the Scientific Committee and the States Representatives
Group launched on 1 October 2019, and their positive outcome,

WHEREAS:

1) The Statutes of the Clean Sky 2 JU confer on the Governing Board the powers to adopt the Work
Plan.

2) The scope of the Work Plan is mainly to inform potential beneficiaries in a transparent manner
about the Clean Sky 2 JU planned financial support and actions to be co-financed in its field of
activities in accordance with its founding Regulation and applicable legal provisions.

3) In line with Art. 31(4) of the Clean Sky 2 JU’s Financial Rules, its work plan provides the
authorisation by the Governing Board for the operational expenditure on the activities it covers,
provided that certain elements are clearly identified, in particular that the work plan contains a
description of the action(s) to be financed and an indication of the amount allocated to each action.
While the Bi-Annual Work Plan and Budget 2020-2021 provides a detailed description of actions
covered by the eleventh Call for Proposals and the related indicative budget breakdown as detailed
in its Annex lll, the actions and indicative budget breakdowns for future Calls have not yet been
finalised.

10Jref. L 169/101, 7.6.2014
20Jref. L 174/14, 13.6. 2014
3 Ref. C5-GB-Writ. Proc. 2016-05 Revised CSJU Financial Rules
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4) The Bi-annual Work Plan and Budget 2020-2021 includes the scientific priorities and
challenges, call for tenders, procurement plan and the budget 2020-2021 information under
sections 3.2.2, 3.2.3, 3.4.2 and 4.1 and under Annex Il the list and full description of topics to be
launched under the eleventh call for Proposals.

5) In the light of the specific structure of the Clean Sky 2 JU Programme and its governance
framework, the specific legal status and statutory entitlements of the private members, and in
order to prevent any conflict of interest and to ensure a competitive, transparent and fair process,
"additional conditions" within the meaning of Art 9(5) of the Horizon 2020 Rules for Participation
should apply to the calls for proposals launched within the complementary framework of
ITD/IADP/TA (as described in Part A of Annex lil), as laid down in section 3.3 "Call management
rules" of the Work Plan.

6) In cases where the performance of actions by Core Partners and Partners may contribute to
the Clean Sky 2 JU high-level objectives and provide benefit to a broader stakeholder base beyond
one IADP/ITD or TA, Research and Innovation Action topics may be launched outside the
complementary framework of one IADP/ITD/TA. In this context, in order to prevent any conflict of
interest and to ensure a competitive, transparent and fair process, "additional conditions" within
the meaning of Art 9(5) of the Horizon 2020 Rules for Participation should apply to these topics (as
described in Part B of Annex Ill), as laid down in section 3.3 "Call management rules" of the Work
Plan.

7) In accordance with Article 43 RfP, the Clean Sky 2 JU should make appropriate checks
concerning exploitation of results during project implementation and the reporting phase. In this
respect, the contractual option of Article 30.3 of the model grant agreement (providing that the JU
may object to a transfer of ownership or licensing of results to a third party established in a third
country not associated to the EU-H2020) should apply by default to all Clean Sky 2 JU grant
agreements.

8) The grants to be awarded by the Clean Sky 2 JU should be subject to the prior adoption by the
Governing Board of the Work Plan, to be published prior to its implementation.

HAS DECIDED:
Article 1

The Clean Sky 2 JU Bi-annual Work Plan and Budget 2020-2021 is adopted as set out in the Annex.

Article 2

The Clean Sky 2 JU Bi-Annual Work Plan and Budget 2020-2021 shall provide authorisation by the
Governing Board for the operational expenditure of the Clean Sky 2 JU only for the specific actions
covered by the Clean Sky 2 JU eleventh Call for Proposal as set out in its Annex lIl.
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Article 3

The Executive Director shall make the Bi-annual Work Plan and Budget 2020-2021 publicly
available on the Clean Sky 2 JU’s website.

Article 4

This decision shall enter into force on the day following that of its adoption.

Brussels, 21 November 2019

e

Stephany Cueille

Chairma the Governing Board

Annex:

- Bi-annual Work Plan and Budget 2020-2021; (ref. docs. CS-GB-2019-11-21 WP and Budget 2020-
2021; CS-GB-2019-11-21 Annex Il CFP11 WP; CS-GB-2019-11-21 Budget 2020-2021)
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Annex to decision CS-GB-2019-11-21 Decision WP and Budget 2020-21

CLEAN SKY 2 JOINT UNDERTAKING
BI-ANNUAL WORK PLAN and BUDGET 2020-2021

In accordance with the Statutes of the CS2 JU annexed to Council Regulation (EU) No
558/2014 of 6 May 2014 establishing the Clean Sky 2 Joint Undertaking and with Article 31
of the Financial Rules.

The information contained in this Work Plan (topics list, budget, planning of calls) may be
subject to updates. Any further amendments of the Work Plan will be will be made publicly
available after its adoption by the Governing Board.

©CS2 JU 2019

Please note that the copyright of this document and its content is the strict property of the
JU. Any information related to this document disclosed by any other party shall not be
construed as having been endorsed by to the JU. The JU expressly disclaims liability for any
future changes of the content of this document.
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EN
Horizon 2020

Clean Sky 2 Joint Undertaking Bi-annual Work Plan and Budget
2020-2021

General Introduction

IMPORTANT NOTICE ON THIS WORK PLAN

This Work Plan covers 2020 and 2021.

NOTICE

Please note that until the UK leaves the EU, EU law continues to apply to and within the UK,
when it comes to rights and obligations; this includes the eligibility of UK legal entities to
fully participate and receive funding in Horizon 2020 actions such as those called for in this
work plan. Please be aware however that the eligibility criteria must be complied with for
the entire duration of the grant. If the UK withdraws from the EU during the grant period
without concluding an agreement with the EU ensuring in particular that British applicants
continue to be eligible, they will no longer be eligible to receive EU funding and their
participation may be terminated on the basis of Article 50 of the grant agreement.
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1. INTRODUCTION

Clean Sky is a Joint Technology Initiative (JTI) that aims to develop and mature breakthrough
‘clean technologies’ for Air Transport. By accelerating their deployment, the JTI will
contribute to Europe’s strategic environmental and social priorities, and simultaneously
promote competitiveness and sustainable economic growth.

The following work plan (and its accompanying budget plan) sets out the main highlights of
the activities to be covered across the largest aeronautic research programme ever funded
by the European Union budget over the period 2020 and 2021. As the Joint Undertaking
enters its ninth year of existence, it can draw on some invaluable lessons learned and
experience gained. The joint efforts of the private and public members, together with the JU
programme office, have led to a successful start and use of this novel instrument in
aeronautics research at EU level.

2. MULTI-ANNUAL PROGRAMMING

2.1. Multi-annual objectives

The CS2 regulation and the JU’s financial regulation specifically outline the possibility to split
multi-annual commitments covering large scale actions into annual instalments. This specific
measure is introduced to reduce the uncertainty, which may exist if the annual budget does
not allow the JU to financially commit the entire funds covering the full action in the first
year of the action. The objectives set in the regulation cannot be achieved within one
financial year, which is why the CS2 activities are spread over several years, and this
flexibility will be used on a regular basis in order to accommodate the needs of the
programme while taking into account the annual budget constraints.

As many activities are interlinked with previous years’ work and tests performed, there are
mentions of other years throughout this document in order to give the complete picture to
the reader.

2.2. Multi-annual programme

Based on the multi-annual commitments approach of the JU under its new legal basis, this
draft work plan includes the description of activities for the years 2020-2021.

The leaders’ activities are described in the following chapters and they are complemented
by the core partners joining the programme through the calls for core partners.

2.3. Human and financial resource outlook

The JU has 42 statutory staff planned in its establishment plan for 2020 and 2021 (see
section 4.2) and allocated to complete the work plan and achieve the KPI targets set out
here. The establishment plan takes also into account the annual promotion exercises for the
years 2020-2021.

The running of the Clean Sky 2 programme at its mature phase during 2020-2021 implies a
significant increase of workload in terms of validation of costs claims, amendments, ex post
audits, grant preparation of the last calls etc.

CS-GB- 2019-11-21 WP and Budget 2020-2021 7



Based on the current average number of reporting periods per project launched via calls for
proposals and the current typology of applications, we expect the Clean Sky 2 programme to
have a total of reporting periods and cost claims [per beneficiary] exceeding 3000 over the
life of the programme. The annual reporting periods of the grant agreements for members
and over 200 member-level participants will lead to another 2000 cost claims and
beneficiary level reporting events. This will need to be accommodated in the JU’s resources
over the programme’s life.

CS-GB- 2019-11-21 WP and Budget 2020-2021 8



3. BI-ANNUAL WORK PLAN 2020-2021

3.1. Executive summary

The Clean Sky 2 programme is jointly funded by the European Commission and the major
European aeronautics companies, and involves an EU contribution (financial) from the
Horizon 2020 programme budget of €1.755 bn. This is complemented by the In-Kind
contributions from the Private members and related to the Programmes’ activities [IKOP],
and will be leveraged by further Additional Activities [IKAA] of the Private members funded
at national, regional and private levels leading to a total public and private investment of
approximately €4 bn. These so-called ‘additional activities’ will be enablers for the
demonstrators or parallel research work necessary to develop an operational product in due
time.

The Clean Sky 2 programme consists of four different elements:

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

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

e Two Transverse Activities (Eco-Design, Small Air Transport), integrating the knowledge of
different ITDs and IADPs for specific applications.

e The Technology Evaluator (TE), assessing the environmental and societal impact of the
technologies developed in the IADPs and ITDs;

Innovative Aircraft
Demonstrator Platforms (IADPs)

Integrating technologies and major systems
innovations; demonstrating and validating their
potential at the full vehicle level, towards future
aircraft configuration.

Large Passenger Regional Aircraft Fast Rotorcraft
Aircraft
Integrated Technology
Demonstrators (ITDs) Airframe ITD
Developing and integrating new %
technologies, with demonstrator projects
validating these at major system level. Eco-Design Small Air Transport Technology Evaluator
Assessing the environmental
@ Engines ITD impact of the innovative tech
nologies developed in Clean
Sky. It evaluates
Clean Sky’s contribution to
the reduction of CO_, NOx,
and noise
Systems ITD

Focusing on specific applications and technology
challenges across the IADPs and ITDs enabling
synergies to be exploited between different platforms

through shared projects and results.

Clean Sky 2 Programme Logic and Set-up

The 16 Leaders are founding members of Clean Sky 2, as stated in the Annex Il to the CS2 JU
Regulation, who have committed to deliver the full Clean Sky 2 programme throughout its
duration and meet its high-level objectives as stated in art. 2 of the Council Regulation:

CS-GB- 2019-11-21 WP and Budget 2020-2021 9



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

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

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

(i) increasing aircraft fuel efficiency, thus reducing CO, emissions by 20 to 30 % compared to
‘state-of-the-art’” aircraft entering into service as from 2014;

(ii) reducing aircraft NO x and noise emissions by 20 to 30 % compared to ‘state-of-the-art’
aircraft entering into service as from 2014.

The Leaders and Core Partners are represented in the CS2 JU Governing Board.

The Core Partners have committed to make substantial, long-term commitments towards
the programme and to bring key competences and technical contributions aligned to the
high-level objectives. They contribute to the global management of the IADPs/ITDs
concerned, and contribute with significant in-kind contributions. Core partners have been
selected in accordance with Article 4.2 of the Statutes on the basis of topics for core
partners launched in the 2014 — 2016 timeframe, and have acceded to the CS2 JU as
members once completing the membership approval, technical negotiation and grant
accession process. Core Partners being private members, they are represented in the CS2 JU
Governing Board on a rotational basis.

The technical activities of the Core partners are aligned with the Programme’s high-level
objectives and strategic direction as laid down in the Development Plan of the Clean Sky 2
programme and will be referred to in the relevant grant agreement for members.

Actions performed by the private members in the grant agreements for members are all
considered to be Innovation Actions as defined in Horizon 2020.

The partners will carry out objective driven research activities aiming at developing new
knowledge, new technologies and/or solutions that will bring a contribution to the high-
level objectives of the Clean Sky 2 programme, and will complement actions developed and
executed in the IADP/ITDs/TAs.

The partners' activities will be determined through topics defined in the work plan and
launched as calls for proposals via the EU Funding & tender opportunities Portal. The calls
for proposals will follow the H2020 Rules for Participation. Upon selection, the partners will
sign a grant agreement for partners with the JU and their contribution may be made to
either demonstrator activities in the IADPs/ITDs/TAs, or to a set of technological research
activities which are performed by one or several CS2 members in the frame of the grant
agreement([s] for members. Partners will not become members of the JU and will not
contribute to the administrative costs of the JU. Similarly, they will not participate in the
steering committees of the IADP/ITDs or in the Governing Board.

CS-GB- 2019-11-21 WP and Budget 2020-2021 10



Actions performed by the partners in the grant agreements for partners may be Research
and Innovation Actions, or Innovation Actions, as earmarked in the call topics.

3.2. Operations

3.2.1. Objectives, indicators, risks and mitigations

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

Quarterly Reports of the ITD/IADPs, which inform on the resources consumption, the
achievements and the resulting forecasts for level of project implementation

Steering Committees at ITD/IADPs level with involvement of the CS project officers
Annual Reviews of the ITD/IADP’s performance organised by the JU with the
involvement of independent experts.

This monitoring information is summarized and reported regularly to the Governing
Board.

The overall objectives for the Clean Sky 2 programme for the period 2020-2021 are:

= To execute the technical content as defined for the two-year period and as stabilized at
the end of 2019 and ensure this is adequately incorporated in the Clean Sky 2
Development Plan and the grant agreements;

= To determine in the course of 2020-2021 the definitive configuration of the
Programme’s major demonstrators and technology development themes, based on
robust risk and progress reviews based on the 2019 baseline set in the CS2DP; where
necessary diverting resources to safeguard the achievement of the programme’s High-
Level Objectives [HLOs] to start delivering the first results expected in 2021;

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

= To implement an effective and efficient management and governance of the
programme;

= To implement an appropriate and agreed approach for each transverse area that allows
for the transversal coordination to be executed and technical synergies to be extracted;

= To implement one further call for proposals and implement within this call the
additional and complementary format of “thematic topics” enabling a wide range of
competing technology solutions to address broad problem-oriented topics that are
geared towards the Clean Sky 2 programme-level HLGs and to investigate essential
breakthrough technologies (linked to future Full and Hybrid electrical propulsion
aircraft) needed to prepare potential future Clean aviation partnership;

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

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

= To execute at least 90% of the budget and of the relevant milestones and deliverables;

CS-GB- 2019-11-21 WP and Budget 2020-2021 11



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

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

Clean Sky 2 Demonstrators and Technology streams

Demonstrator /

Demonstration area
Programme Area

Technology stream in Contribution* Funding Funding

LPA REG FRC 'AIR ENG 'SYS E C___RoM RoMmé€
Advanced Engine/Airframe Architectures > > > > 93.9|
Ultra-high Bypass and High Propulsive Efficiency Geared Turbofans > > | > > > 354.0)
Breakthroughs in Propulsion Efficiency (incl. Pr Isi irframe " N "
N Hybrid Electric Propulsion > > | > | > | 5323 27.9|
Integration)
Boundary Layer Ingestion > > > 14.2|
Small Aircraft, ional and i iation Turboprop > > > 42.3]
Advanced Laminar Flow Technologies > > > > 98.2}
Advances in Wings, Aerodynamics and Flight Dy - - - —— 180.0

Regional Aircraft Wing Optimization > > > | > 81.7|
Advanced Manufacturing > > > > 29.2|
Innovative Structural / Functional Design - and Production System Cabin & Fuselage > > > > | > | > |178.183 136.3
i luti for i Jets s > | > 12.7
Cockpit & Avionics > > Fl || 146.6|

Next Generation Cockpit Systems and Aircraft Operations 158.578
Advanced MRO kd > | > 12.0|
Next-Generation Civil Tiltrotor > | > > | > 109.5)
Novel Aircraft Configurations and Capabilities RACER Compound Helicopter > > 2> | > [222.563 110.1
Regional Innovative Configuration > > > 2.9]
Electrical Systems > 4 > | > > 109.3|
) 3 Landing Systems > > | > > 32.2]

Aircraft Non-Propulsive Energy and Control Sy 157.985
Non-Propulsive Energy Optimization for Large Aircraft kd > > 14.5
Low Power WIPS > > > 2.1
Envir | Control System > >l > 20.8]

Optimal Cabin and Envir 58.9929
ive Cabin P /Payload Sy > | > | > 38.2
Eco-Design = T e I I B o I > 39.1 39.1}
bling & Long-Term Technologies FL A > > > > ]| 1365 136.5

*Contribution as E: Environment, M: Mobility, C: Competitiveness

Indicators

The Key performance Indicators set up for the CS2 programme are presented in Annex |.
Risk assessment

The following table presents the summary of the most significant risks to be noted for the
execution of the Clean Sky 2 programme relevant for the Work Plan 2020-2021.

The risks have been defined through the risk assessment exercise performed by the JU’s
management and coordinated by the Internal Audit Officer. The assessment has integrated
the outcome of the dedicated risk management process carried out continuously on the
level of the SPDs in the Annual Reviews, the Steering Committees and in the quarterly
reporting of SPD leaders.

CS-GB- 2019-11-21 WP and Budget 2020-2021 12



None of the risks assessed by the JU management and described here below is considered
to present a critical residual risk level taking into account the mitigating actions
implemented and/or planned.

Risk reference

Description of risk

Summary of risk mitigation in WP 2020/21

Achievement of
high-level
objectives

Execution of the
technical activities in
Clean Sky 2 may not
result in the
achievement of the
High-Level Objectives as
stated in the Regulation

Define the contribution of every IADPs/ITDs/TAs to
the Clean Sky 2 High Level Objectives and quantify
their environmental contribution to the different
A/C concepts as defined in the Technology
Evaluator.

Elaborate and maintain for key demonstrators/
technologies an estimate of the expected
environmental improvements and monitor the
progress towards the fulfilment of the objectives.
Perform a first assessment at TE level and propose
programme re-orientation in case of failure to
meet the Clean Sky 2 High Level Objectives.

Define objectives for the IADPs/ITDs in all areas of
qualitative objectives of the Regulation (e.g.
competitiveness and mobility), and monitor
progress towards these objectives through periodic
assessments with the TE and by the JU directly via
supporting studies and Coordination & Support
actions, where necessary.

Technical set-
backs

Technical setbacks in
one or several IADPs /
ITDs / TAs may result in
under achievement of
milestones and
deliverables and/or a
significant over/ under-
spending of annual
budget.

Review each quarter and advise GB where issues
arise. Monitor technical execution in terms of the
timely achievement of milestones and deliverables.
Assess technical difficulties during ad-hoc or
regular reviews and propose a mitigation plan to fix
the technical issues.

Re-balance the budget within ITDs/IADPs to align
the level of financial execution for a given year
with available funding budget and re-balance the
budget across ITDs/IADPs to maintain a proper
level of financial execution for a given year.

Revise the CS2DP and the WP where needed and
use the GAM Amendment process to officiate.

Financial resource
availability versus
demonstrators
planning

Planning for cost and
effort for complex, large
ground and flight
demonstrators (10-year
programme) may lack
maturity and/or
accuracy, leading to
delayed completion of
technical activities or
reduced scope of
activities.

Each IADP / ITD to deploy a detailed risk
management and “through to completion” plan
with critical path management.

CS2DP process to highlight “through to
completion” plans, budgets and risks, allowing due
assessment and revision opportunities.

Seek additional or complementary funding
opportunities through other instruments (national
level or other EU initiatives) or increase the level of
additional activities required to meet the
programme objectives.

Implement a robust “Gate” process for major
demonstrators [in particular flight demonstration],

CS-GB- 2019-11-21 WP and Budget 2020-2021
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Risk reference

Summary of risk mitigation in WP 2020/21

Description of risk

and assess the progress during annual reviews.
Assess any opportunities to re-orientate some
activities (between 1st Level Work Packages and/or
between IADPs/ ITDs) with the objective to
maximise benefits vis a vis the Programme’s HLG.

Dissemination and
Exploitation

The number of scientific
papers produced at
completion of Clean Sky
2 (100 per year) might
be lower than
anticipated, causing
insufficient
dissemination of the CS2
programme results to
the research community.
Likewise, the number of
applications for patents
may fail to reach the
target of 366 in total,
indicating a lack of
exploitation activities
triggered through the CS
programmes.

The JU continuously monitors the dissemination
activities at conferences, symposia, and the
production of papers disseminated on a yearly

basis. The JU also monitors applications for
patents.
Dedicated action plans are established per

ITDs/IADPs/TAs on D&E with quantified figures
until completion of the programme. The JU
continuously  reviews and  assesses the
reasonableness of the target setting for the
number of papers and patents for each SPD.

Brexit legal impact

In case of a hard Brexit, a
significant share of the
JU work programme may
not be covered anymore,
jeopardising the proper
execution of the CS2
projects on all levels
(Partners, Core Partners
and Leaders).

The JU has analysed possible scenarios in line with
the guidance of the Brexit Working Group of the
Common  Implementation Centre of the
Commission. The extension of the Brexit date
agreed by the EU Council up to 31 January 2020
still leaves all possible options open from possible
no deal scenario to the ratification of a Withdrawal
Agreement. The situation will be closely
monitored.

Other funding sources might step in and take over
funding for British beneficiaries.

Multi-annual
budget planning
and execution

Lack of adequate plan on
SPDs side at the level of
CA and PA during the
execution of the multi-
annual budget may
hamper the execution of
the full operational
budget (re-inscription of
the credits to ensure
maximized programme
execution)

Throughout the year, the JU monitors the financial
execution of the budget on the level of the
individual SPDs, e.g. during the annual reviews in
June and the mid-term reviews (based on Q2
results, in September. In particular, towards the
end of the programme, the JU management
assesses the allocation for the budget to
completion and revises in agreement with the SPD
leaders the final individual SPD budgets. The
process achieved a 100% allocation of the
operational budget for the FP7 programme.
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3.2.2. Scientific priorities & challenges

The following subchapter presents the Clean Sky 2 Programme high-level scope of work and
the main scientific priorities and challenges to be performed by the ITDs, IADPs and TAs
through the Grant Agreements for Members during the period 2020-2021".

These activities are complemented and supported by actions executed by Partners selected
in Calls for Proposals throughout the 2014-2019 period and the eleventh call for proposals
(CfP11) which launch is foreseen in the first quarter of 2020. This will be the last call of the
Clean Sky 2 Programme with call closure anticipated in April 2020 and grants fully signed by
the end of Q4 2020.

The private members of the following nine ITDs, IADPs and TAs are listed in Annex II.

IADP Large Passenger Aircraft
Multi-annual overview and strategic planning

The Large Passenger Aircraft IADP is focussing on large-scale demonstration of technologies
integrated at aircraft level in three distinct ‘Platforms’ and as follows:

Platform 1: “Advanced Engine and Aircraft Configurations”

The major objective of Platform 1 is to provide the development environment for the
integration of the most fuel-efficient propulsion concepts into compatible airframe
configurations and concepts targeting next generation aircraft.

Overall, the propulsion concepts considered in Platform 1 range from Open Rotor engine
architectures over advanced Ultra-High Bypass Ratio (UHBR) turbofans up to “hybrid”
propulsion concepts (combination of combustion - and electric-based components) for
different levels of electrification of the power plant.

For all these aforementioned propulsion concepts design opportunities will be investigated
to further increase the propulsive- and airframe efficiency. Examples for this are the
application of Boundary Layer Ingestion (BLI) design or by exploring the potential of
distributing the thrust generating part of the power plant over the aircraft.

In the context of improved engine performance and novel system architectures, detailed
studies for Non-Propulsive Energy Generation (NPE) will be performed to reduce the power
off-take level from turbofan engines for improved thermal efficiency. In any case, the
validated plan will reveal full coherence, technical and financial, for UHBR integration on
short range aircraft regarding airframe-engine integration tasks and engine module
maturation across both the IADP Large Passenger Aircraft and ITD Engines.

™ The list of deliverables and milestones presented in this chapter is a provisional and may be updated at the stage of the
preparation and signature of the grant agreement for the members.
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To avoid detrimental effects on overall aircraft performance when integrating UHBR engines
on airframe, Platform 1 is developing and demonstrating integrated flow control techniques
applied at the wing-pylon interface, an area which is prone to interference effects between
wing and engine. Another important flow control activity in the reporting period is the
maturation of the Hybrid Laminar Flow Control technology (HLFC) applied on tails and wing
for skin-friction drag reduction. Scaled flight-testing will be further matured and applied to
demonstrate a down-selected radical aircraft configuration.

It is overall objective of Platform 1 that all technologies being developed and demonstrated
are following consistent target aircraft configurations and concepts, which means that the
compatibility between airframe and propulsion technologies is assured.

Platform 2: “Innovative Physical Integration Cabin — System — Structure”

Platform 2 aims to develop, mature, and demonstrate an entirely new, advanced fuselage
structural concept developed in full alignment towards next-generation cabin & cargo
architectures, including all relevant aircraft systems. To be able to account for the
substantially different requirements of the test programs, the large-scale demonstration will
be based on three individual major demonstrators, covering the Next Generation Fuselage,
Cabin and Systems Integration, the Next Generation Cabin & Cargo Functions and the Next
Generation Center Fuselage. These major demonstrators will be supported by a number of
smaller test rigs and component demonstrators in the preparatory phase of the program.
Targeting to accomplish technology readiness level 6, manufacturing and assembly concepts
for the next generation integrated fuselage-cabin-cargo approach will be developed and
demonstrated.

Platform 3: “Next Generation Aircraft Systems, Cockpit and Avionics” including advanced
systems maintenance activities

The IADP LPA Platform 3 main objectives are on one hand to bring to a high maturity level

through appropriate demonstrators innovative and disruptive cockpit operations, functions

and technologies for Large Aircraft, Regional Aircraft and Business jets, and to the other end

to demonstrate an end-to-end service and value driven maintenance functions and tools

suite.

For each one of the three cockpit demonstrations, the following enhancements are

targeted:

- Safety enhancement through resilience to pilot skills evolution, error tolerant
automation, improved situation awareness, human monitoring;

- Robust operations, reduced operational costs thanks to easier flight crew tasks, reduced
workload, with optimized allocation between human and system

- European aeronautical industry competitiveness enhancement via evolutive cockpit
design, Low cost and fast upgradability, “Shared resources Platform” concept,
Applicative cockpit, reduced lead- time, design for security.

The technologies are developed and evaluated on ground or in flight, either under the frame

of demonstration bricks or integrated demonstrators.

In 2020 and 2021, the IADP LPA Platform 3 Work Plan will focus on progressing the
development, integration and tests of the cockpit functions for the large Aircraft disruptive
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cockpit demonstrator, finalizing integration and tests of the Regional Aircraft Active Cockpit
demonstrator, and finalizing Business Jet enhanced cockpit functions integration and tests.
In 2020, the remaining activities related to the end-to-end Maintenance demonstrator

ADVANCE will be completed.
Description of main activities for the year 2020

Platform 1: “Advanced Engine and Aircraft Configurations”

In 2020 the final evaluation loop of Open Rotor integration will be completed. For BLI
further studies (aerodynamics, engine design, distortion tolerant fan design, aircraft
structure, overall aircraft architecture and sizing, handling qualities, acoustics, thermal
management, etc.) will be conducted to evaluate the viability of this technology.

After the design freeze of SA%FIR late 2019, the manufacturing of the long lead-time items
will be performed. This includes the ASPIRE fan with its instrumentation as well as the shaft
line that transmits the power generated by the turbine to the fan stage at the front of the
SAZFIR rig. Wind-tunnel adaptations will be started incl. piping of the air supply and return
lines, model mounting devices and further interfaces.

Key technologies for future 2030+ propulsion systems, concentrating on Oil Transfer
Bearing, Pitch Control Mechanism, Propeller Module, Low Noise technologies as well as Low
Pressure Turbine (LPT) and the Power GearBox (PGB) will be further matured to ensure up
to TRL3 of the distinctive transversal associated technologies. For NPE the APU core and
gearbox will be manufactured. The cross-demonstrator capability stream will perform
improved numerical predictions (CFD and CAA) on an installed UHBR case and jet flap
interference noise. Furthermore, a newly developed numerical boundary layer stability
analysis will be applied to rotating geometries. Experimental means for optical and acoustic
measurements as well as instrumentation for vibration testing will be further improved.

The Advanced Rear-End consortium will work on conceptual and aerodynamic topics,
providing a transverse support in the synthesis and evaluation of the demonstrator and
focusing on technology items aiming to the reduction of the size, weight and drag of the
Rear Fuselage, CFRP Out of Autoclave in situ consolidation of thermoplastic CFRP in
particular focus on highly loaded frames and/or structural elements in CFRP to develop new
technologies (hitape, rolltrussion, xenon technology, etc.).

Regarding HLFC on Tails the manufacturing technologies will be further matured by
manufacturing and test of a large scale segment (2m) of and HTP Leading Edge with
equipped HLFC technology. For HLFC on Wing the final concept will be selected in
conjunction with the input data freeze for the ground-based demonstrator. The first wing
design loop will be completed. The NLF HTP final parts manufacturing and sub-assembly of
the demonstrator will occur in June 2020. The last task of the project (end: November 2020)
will be final demonstrator activities.

As an outcome of the UltraFan™ FTD TRL 3 review in January 2019, maturation of nacelle &
pylon disruptive technologies will ensure scalable integration technologies from long range
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to short range for short-term applications. After accomplishment of the Stage 2 exit
readiness, activities regarding flying test bed vehicle modification and flight clearance
activities will continue.

Active Flow Control will test an advanced concept in a full scale wind tunnel, aiming to
increase considerably the efficiency of the AFC technology. A mock-up system will be
assembled and tested under realistic conditions including harsh environment and
aerodynamic ground testing of the 3D printed actuators at full aircraft scale. Active vibration
control and noise prediction will move up to TRL5 to assess efficient active solutions
candidates for aircraft demonstration. Further to the CANOBLE project, the simulation tools
will be transposed to the flight points. For Cockpit and cabin noise reduction test will be
performed in 2020 on multifunction panel and window area equipped with passive acoustic
attenuation materials. Results will be compared to the tests performed on the reference
items. There will be final design report to assess benefits of the passive solutions.

In 2020 Scaled Flight Testing will conduct a flight test campaign if necessary in Italy. The
recorded flight test data will be analysed and the dynamically scaled flight test demonstrator
will be prepared. The results from 2019 Radical Aircraft design activities will be synthesized
for a demonstration exercise. Wind tunnel and scaled flight-testing of a down-selected
configuration will be launched in 2020.

The focus of the hybrid electric ground test in 2020 will be to integrate all sub-systems of
the hybrid electric powertrain in their respective test benches and to start testing activities.
In the first step, each sub-system (batteries, Gen-Set, electric motor, distribution system)
will be tested stand-alone and subsequently step by step as an interconnected system.

Major Milestones planned for 2020

Demonstrators/Techno Streams

Major Milestones 2020

(as shown in CS2DP)
LPA-01-D1 Enablers for Integrated Open Rotor
Design

Open Rotor final evaluation

completed

loop

LPA-01-D2 Advanced Rear-end

Advanced Rear-end TRL3

LPA-01-D3 Scaled Flight Testing

Scaled Flight Testing decision gate

LPA-01-D4 HLFC on tails large scale ground-
based demonstrator

HLFC on HTP full scale test of leading edge
segment completed

LPA-01-D5 Natural
demonstrator for HTP bizjets

Laminar Flow

NLF HPT ALFA final report

LPA-01-D6 Ground-based demonstrator HLFC
wing

HLFC on Wing TRL3

LPA-01-D7 HLFC on tails flight test Operation None
LPA-01-D8 Radical Configuration Flight Test | Launch Review of Radical Aircraft
Demonstrator Demonstrator

LPA-01-D9 Hybrid Electric Ground Test Bench

Hybrid Electric Ground Test Bench system
under test (SUT) commissioning done

LPA-01-D10
Demonstration

UltraFan Flight Test

UHBR engine integration TRL4
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Demonstrators/Techno Streams

(as shown in CS2DP)

LPA-01-D11 Active flow control Flight Test
Demonstration

Major Milestones 2020

Full scale wind tunnel tests of the
advanced flow control actuators
completed

LPA-01-D12 Flight test demonstration of active
vibration control technologies/noise
prediction methods for rear-mounted engines

Final Design report associated to cockpit
and cabin passive noise reduction

LPA-01-D13 UHBR SR Integration Start of wind-tunnel adaptations for
SAZFIR

LPA-01-D14 Boundary Layer Ingestion BLI benchmark - Intermediate status
meeting

LPA-01-D15 Non Propulsive Energy

NPE gearbox acceptance test

LPA-01-D16 Common Technology Bricks for
Future Engines

LPS demo - long lead time items & raw
materials drawing availability

LPA-01-XD Cross Demonstrator Capabilities
WP1.1

Aeroacoustic measurements - sound

source localization completed

Major Deliverables planned for 2020

Demonstrators/Techno Streams

(as shown in CS2DP)

Major Deliverables 2020

LPA-01-D1 Enablers for Integrated Open Rotor
Design

Open Rotor final report

LPA-01-D2 Advanced Rear-end

Advanced Rear-end TRL3 report

LPA-01-D3 Scaled Flight Testing

Scaled Flight Testing - flight test data
analysis report

LPA-01-D4 HLFC on tails large scale ground-
based demonstrator

Report on results of testing a large scale
demonstrator of al HLFC leading edge

LPA-01-D5 Natural Flow

demonstrator for HTP bizjets

Laminar

NLF HTP masking, painting, measurements
(D5) at TRL5 level

LPA-01-D6 Ground-based demonstrator HLFC
wing

HLFC on Wing report on TRL3 review incl.
route to TRL4

LPA-01-D7 HLFC on tails flight test Operation

None

LPA-01-D8 Radical Configuration Flight Test
Demonstrator

Synthesis of radical aircraft configuration
design exercises

LPA-01-D9 Hybrid Electric Ground Test Bench

System Under Test (SUT) commissioning
report

LPA-01-D10 UltraFan Test

Demonstration

Flight

UltraFan™ integration CRD report

LPA-01-D11 Active flow control Flight Test
Demonstration

Report on full scale wind tunnel testing of
advanced flow control actuators

LPA-01-D12 Flight test demonstration of active
vibration control technologies/noise
prediction methods for rear-mounted engines

Final design report for cockpit and cabin
passive noise reduction

LPA-01-D13 UHBR SR Integration

SAZFIR shaft line
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Demonstrators/Techno Streams Major Deliverables 2020

(as shown in CS2DP)

LPA-01-D14 Boundary Layer Ingestion BLI benchmark - Intermediate status
report
LPA-01-D15 Non Propulsive Energy NPE S/G (Starter Generator) & Power

Electronics tests results

LPA-01-D16 Common Technology Bricks for | Low Pressure Turbine and Power Gearbox

Future Engines transversal technology TRL3 report

LPA-01-XD Cross Demonstrator Capabilities | Report on developments concerning

WP1.1 analysis methods for microphone array
measurements

Platform 2: “Innovative Physical Integration Cabin — System — Structure”

With respect to the Multi-Functional Fuselage Demonstrator (MFFD) the main focus of the
Multifunctional fuselage demonstrator project will be on the demonstrator manufacturing
with priority on the tooling as well on material procurement and material testing. Based on
the decisions and overall outcome of the Critical Design Review in autumn 2019 the
realization of first demonstrator parts will take place, first as manufacturing trials for process
evaluation, quality assessment and data for tolerance management. Depending on the
results, design updates have to be performed at each partner in terms of process
optimization and quality increase. The set-up of a so called digital twin (full representation
of material properties and demonstrator features in a digital model) has to be part of the
design activities. Material data will be received from testing of coupons and small test
articles (level 6 and 5 of test pyramid) with one major focus on thermoplastic welding and
respective welding equipment.

Within the Next Generation Cabin & Cargo Functions demonstrators will continue the design
of an innovative Passenger Service Unit (PSU). By combining the enabler technologies
developed in 2016-2019, a first PSU prototype shall be manufactured and integrated for
subsequent validation testing.

For the new Crown Module first large installation tests shall be conducted. In parallel,
system function tests will be performed on the integrated technical enabler, e.g. new Air
System, power/data backbone, Universal Cabin Interface (UCI) integration, movable PSU,
etc. In particular, for the UCI, TRL 6 is targeted by end of 2020.

For the Halon-free cargo hold, the fire extinguishing agent distribution test — started in
Q4/2019 at the FhG test facilities in Holzkirchen — shall be finalized and evaluated,
accompanied by the completion of the respective architecture dossier.

For the fuel cell powered energy optimized cabin, first ground demo test shall be conducted.
The ACCLAIM (Automated C&C Lining and Hatrack Installation Method) project will continue
its test campaigns at FhG IFAM, Stade. Final validation installation tests in Q1/2020,
followed by validation of the visual testing system in Q2/2020 will conclude the project.

The project Printed Electrics shall complete its concept demonstrator of the Multi Modular
Printer, showing the production of Printed Electrics circuits. On the software side, the
customization front-end and generation of electrical layouts shall be demonstrated
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In 2020 the main focus of the Next Generation Lower Centre Fuselage Demonstrator will be
on the thermoplastic (TP) technical capacity, the architecture and the concept phase for
Center Fuselage.

The TP fuselage activities will focus on the Body Landing Gear concept and the industrial
challenge to secure the high production rate of 60 aircraft per month (extensible to rate
100).

Focus will be on the pre-definition of the section integration requirements, system modules,
interface location design principles to reduce assembly lead times, using new assembly
technologies (welding) with increased utilization of robots and cobots. An important item to
implement new assembly technologies is to systematically conduct tolerances analysis for
the different major Center fuselage components. First production concept shall be
conducted in 2020 with a draft pre-production design.

During 2020, in order to complete technologies needed to support industrial activities
related to Platform 2 demonstrators, following innovative solutions will be addressed such
as:

e Definition of universal countersink head and universal rivet coating solution.

e Definition of sensing solution for strain measurement and delamination detection
sensing due to specific loading such as vibration.

e Development and evaluation of algorithms managing different type of inputs, such as
damage monitoring and operation monitoring targeting structural testing lead time and
aircraft maintenance optimization.

e Evaluation of capabilities to predict the actual behavior of Aircraft Structure under
applied loads up to failure and produce material characteristics.

e ONERA will contribute on innovative materials modelling such as for metallic, making
the link between microstructure and properties in order to reduce the number of tests
to calibrate the fracture criterion by experimental testing, and for composite developing
experimental materials characterization of NCF and thermoplastic materials at coupon
levels.

Major Milestones planned for 2020

Demonstrators/Techno Streams Major Milestones 2020

(as shown in CS2DP)

LPA-02-D1:Next Generation Fuselage, | Start of the multifunctional fuselage demonstrator
Cabin and Systems Integration manufacturing phase with manufacturing trials and
component testing.

Set-up of the Fraunhofer Longitudinal weld rig
Fatigue prediction tool: Decision gate for
application on typical Single Aisle airframe
Implementation and assessment of project’s
multiscale platform on Airbus’ high power
computers to run hot-spot and deep-dive analyses.

LPA-02-D2: Next Generation Cabin & | Review of the final validation tests in ACCLAIM
Cargo Functions Review of installation tests of the new Crown
Module.

TRL6 review of the Universal Cabin Interface (UCI)
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Demonstrators/Techno Streams Major Milestones 2020

(as shown in CS2DP)
LPA-02-D3: Next Generation Lower | Review of thermoplastic technical capacity for
Center Fuselage centre fuselage components

Thermoplastic Centre Fuselage 1st build up process

Major Deliverables planned for 2020

Demonstrators/Techno Streams Major Deliverables 2020

(as shown in CS2DP)

LPA-02-D1:Next Generation Fuselage, | First set of major manufacturing tooling
Cabin and Systems Integration CfPs Status evaluation about benefits and
applications- Airbus
Strain measurement prototype
Sensing prototype for complex geometry
inspection
Report- Fatigue prediction by direct measurement
description specific to single aisle aircraft type

LPA-02-D2: Next Generation Cabin & | Architecture Dossier for the Halon-free fire
Cargo Functions protection system for the cargo hold.
Concept demonstrator for Multi Modular Printer

LPA-02-D3: Next Generation Lower | Report on thermoplastic technical capacity for
Center Fuselage centre fuselage components (1st issue)

Report on Thermoplastic Centre Fuselage build up
process (1st issue)

Platform 3: “Next Generation Aircraft Systems, Cockpit and Avionics” including advanced
systems maintenance activities

Activities related to the Large Aircraft Disruptive Cockpit Demonstrator:

The development of the Cockpit avionics functions and technologies will progress towards
the delivery by, on one side, Core Partners Honeywell, SAFRAN and leader Liebherr, of
hardware and software prototypes developed in Platform 3 work packages, and on another
side delivery by Thales of Functions developed in the frame of the ITD Systems and adapted
for integration in the Large Aircraft disruptive cockpit demonstrator.

The overall strategy and roadmap for the Verification and Validation of integration of
systems to be delivered until the end of CS2 by the different contributors will be updated in
collaboration with the main Leaders, Core Partners and Partners contributors.

The Integrated Systems Management function will be integrated on a virtual Core
Processing Module and a fuel system failure use case will be evaluated on the systems
integration bench in order to demonstrate its capability to interface with smart systems
(e.g. Fuel system) and alleviate the crew workload in case of system failure (e.g. fuel leak)
The Cockpit Tactile Displays provided by Thales from ITD Systems will be integrated and
evaluated functionally and operationally.

The LIDAR sensor robustness in icing conditions flight tests will be assessed.

Activities related to the Regional Aircraft Active cockpit demonstrator:
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The efforts will be focused mainly on the acceleration of the development of the Pilot
Monitoring System and Voice Command to meet TRL4 and TRL5 Maturity and the
conduction of validation trials on the sub-systems delivered by Airbus Defence and Space
(CAPs and AMCGSS), and REACTOR consortium, namely the Aircraft Monitoring Chain
Ground Support System (AMCGSS) and the Enhanced Lightweight Eye Visor (ELWEV)
integrated to the Regional Aircraft Active Cockpit demonstrator. It's objective is the
Workload Reduction Assessment in a regional aircraft cockpit with HITL laboratory trials
targeting TRL4 for each technology individually. In addition, activities will finalize the
development of the Electronic Host platform in order to be implemented to the Regional
Aircraft Active cockpit demonstrator by the end of 2020. At the end of the year 2020 a
global operational validation assessment of the Regional Aircraft Active cockpit
demonstrator is targeting TRL5 by conducting validation trials at CASA facilities.

The activities related to Ground and flight tests demonstration for Business jet will consist in
maturing the cockpit function and technologies developed and prepare the prototype
development for further integration in the Business Jet cockpit.

With regards to the End to end Maintenance demonstrator

No major activities are planned as the project ends in 2019. In 2020 there will be follow up
activities by the Topic Manager Airbus for the CfP PACMAN lead by Honeywell, consisting
mainly in documents reviews and approval and the project closure for PACMAN. At WP level
only activities related to dissemination are considered.

Major Milestones planned for 2020

Demonstrators/Techno Streams Major Milestones 2020

(as shown in CS2DP)

LPA-03-D1 Disruptive Cockpit Large Aircraft Disruptive cockpit Integrated
Systems Management function “Entry Into
Service” on System integration bench

LPA-03-D2 Regional Active Cockpit Delivery of final Pilot Monitoring System and Voice

Command System to the Regional Aircraft Active
cockpit demonstrator

LPA-03-D2 Regional Active Cockpit Stand-alone technologies operational validation
(TRL 4) for Enhanced Light Weight Eye Visor,
Cockpit Automated Procedures function and
Aircraft Monitoring Chain Ground Support System

LPA-03-D3 Business jets | Pilot State Monitoring demonstration of selected
Demonstrator fatigue state for the business jet Enhanced Cockpit

Major Deliverables planned for 2020

Demonstrators/Techno Streams Major Deliverables 2020

(as shown in CS2DP)

LPA-03-D1 Disruptive Cockpit Large Aircraft Disruptive Cockpit Integrated
Systems Management Function evaluation report

CS-GB- 2019-11-21 WP and Budget 2020-2021 23



Demonstrators/Techno Streams Major Deliverables 2020

(as shown in CS2DP)

on fuel system failure use case
Large Aircraft Disruptive cockpit V&V strategy and
roadmap update

LPA-03-D2 Regional Active Cockpit Electronic Host, Pilot Health Monitoring and Voice
command systems delivery to Regional Aircraft
Active cockpit Simulator

LPA-03-D2 Regional Active Cockpit Final global operational validation findings report
(TRL5) for Regional Aircraft Active Cockpit

LPA-03-D3 Business jets | Elements of Pilot State Monitoring system

Demonstrator delivered to the demonstrator “Business jet

enhanced cockpit”

Description of main activities for the year 2021

Platform 1: “Advanced Engine and Aircraft Configurations”

In 2021 the SA’FIR parts will be equipped with the defined measurement sensors. After
functional testing of the sensors, the rig will be will be assembled step by step according to
the planned delivery of the items. All BLI viability studies launched in 2020 will be continued
to increase the maturity of the technology and they will enable a decision for the next 2030+
aircraft.

The NPE demonstrator will be built, debugged and first tests will be performed. Regarding
cross-demonstrator capabilities it is planned to proceed with the numerical predictions
(CFD) on an installed UHBR case. Experimental means for optical and acoustic
measurements will be further developed and it is planned to complete the improvement of
the FTI for vibration measurements for understanding energy transfer mechanisms. The
common enabling technology bricks for future engines will be further matured. The detailed
design and procurement of Low Power System demonstrator will be completed. The test
article will be assembled and the rig test facility commissioned. Preliminary results will be
fed into the integrated engine design studies.

The Advanced Rear-end design will be frozen and CfRP out of autoclave thermoplastic
specimen will be manufactured. HLFC on Tails will prepare and conduct the TRL5 review to
prove the maturity status of HLFC leading edge manufacturing technologies. HLFC on Wings
will finalize the ground based demonstrator design by conducting the critical design review.
The ONERA S1 wind tunnel test will be performed and the final definition of a reference
aircraft will be available.

An advanced Active Flow Control concept will be integrated into a real aircraft configuration
to perform a realistic ground test. Furthermore, new types of sensors for the flight test
instrumentation will be maturated and tested. Active technologies for vibration
control/noise reduction will be demonstrated at aircraft level (TRL6). The best promising
passive systems for cockpit and cabin noise reduction will be tested together on a aircraft
fuselage panel in the acoustic chamber allowing to reach TRL6.
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Regarding UHBR engine & nacelle integration technologies, there will be sustainable effort
on pylon and bleed architectures, nacelle technologies maturation such as thrust reverser
unit demonstration plan, installed jet noise assessment, inlet acoustic and anti-ice
technologies.

The dynamically scaled flight test demonstrator will be manufactured and tested. An overall
assessment of Scaled Flight Testing will be done. The first flight of the Radical Configuration
Demonstrator will be performed. The test results will be compared to the design
assumptions made previously. Results from technology developments in other CS2 WPs are
considered for application.

The hybrid electric ground test-bench demonstrator will be focussed around functional
integration testing of the overall hybrid electric propulsion system in its full operational
envelope, as well as testing failure cases and off-design situations. The test results will be
used to support design iterations of the equipment and to support potential flight
campaigns using the same type of equipment in a parallel project.

Major Milestones planned for 2021

Demonstrators/Techno Streams Major Milestones 2021

(as shown in CS2DP)
LPA-01-D1 Enablers for Integrated Open
Rotor Design

None

LPA-01-D2 Advanced Rear-end Specimen manufacturing for Advanced Rear-

end test pyramid

LPA-01-D3 Scaled Flight Testing Flight test campaign with the Dynamically

Scaled Flight Demonstrator

LPA-01-D4 HLFC on tails large scale ground- | HLFC on Tails TRL5

based demonstrator

LPA-01-D5 Natural Laminar Flow | None

demonstrator for HTP bizjets

LPA-01-D6 Ground-based demonstrator | HLFC on Wing critical design review

HLFC wing

LPA-01-D7 HLFC on tails flight test | None

Operation

LPA-01-D8 Radical Configuration Flight Test | First flight of radical aircraft configuration

Demonstrator

LPA-01-D9 Hybrid Electric Ground Test | Hybrid Electric Ground Test Bench system

Bench under test functional integration test
campaign finished

LPA-01-D10 UltraFan Flight Test | UltraFan™ first engine to test (FETT) and

Demonstration

thrust reverser unit test readiness review

LPA-01-D11 Active flow control Flight Test
Demonstration

Test of the new type of sensors for the AFC
flight test instrumentation completed

LPA-01-D12 Flight test demonstration of
active vibration control technologies/noise

Aircraft demonstration with active
technologies for vibration control/noise
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Demonstrators/Techno Streams

(as shown in CS2DP)

prediction methods for rear-mounted
engines

Major Milestones 2021

reduction

LPA-01-D13 UHBR SR Integration

SA%FIR shake down and operation of the rig

LPA-01-D14 Boundary Layer Ingestion

BLI benchmark - Intermediate status meeting

LPA-01-D15 Non Propulsive Energy

NPE core engine delivery

LPA-01-D16 Common Technology Bricks for
Future Engines

LPS demo - rig assembly and commissioning
completed

LPA-01-XD Cross Demonstrator Capabilities
WP1.1

Instrumentation for vibration measurements
completed

Major Deliverables planned for 2021

Demonstrators/Techno Streams

Major Deliverables 2021

(as shown in CS2DP)
LPA-01-D1 Enablers for Integrated Open
Rotor Design

None

LPA-01-D2 Advanced Rear-end

Report on manufacturing selection of CFRP
out of autoclave thermoplastic technology

LPA-01-D3 Scaled Flight Testing

Overall assessment of Scaled Flight Testing

LPA-01-D4 HLFC on tails large scale ground-
based demonstrator

Report on HLFC on Tails TRL5 review

LPA-01-D5 Natural Laminar Flow
demonstrator for HTP bizjets

None

LPA-01-D6 Ground-based demonstrator
HLFC wing

Report on HLFC on Wing wind tunnel test

LPA-01-D7 HLFC on tails flight test
Operation

None

LPA-01-D8 Radical Configuration Flight Test
Demonstrator

Comparison of radical aircraft flight / wind
tunnel test results to predictions

LPA-01-D9 Hybrid Electric Ground Test
Bench

Hybrid Electric Ground Test Bench system
under test functional integration test
campaign report

LPA-01-D10 UltraFan Flight Test
Demonstration

Report on UHBR ice protection technology
wind tunnel test

LPA-01-D11 Active flow control Flight Test
Demonstration

Report on full scale testing of a new type of
sensors for the AFC flight test
instrumentation

LPA-01-D12 Flight test demonstration of
active vibration control technologies/noise
prediction methods for rear-mounted
engines

Aircraft demonstration report on active
technologies for vibration control/noise
reduction

LPA-01-D13 UHBR SR Integration

Delivery of the SA%FIR fan stage

LPA-01-D14 Boundary Layer Ingestion

BLI benchmark - Intermediate status meeting

LPA-01-D15 Non Propulsive Energy

NPE demo debug status report
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Demonstrators/Techno Streams Major Deliverables 2021

(as shown in CS2DP)
LPA-01-D16 Common Technology Bricks for | LPS demonstrator rig test plan
Future Engines

LPA-01-XD Cross Demonstrator Capabilities | Report on improvements of flight test
WP1.1 instrumentation for vibration

Platform 2: “Innovative Physical Integration Cabin — System — Structure”

For the Multi-Functional Fuselage Demonstrator (MFFD) the continuation of the activities
started in 2020 in terms of real production of elementary parts, their assembly to main
components and finally the completion of both half shells. The delivery of the pre-equipped
fuselage sections is planned for the first half of 2022. The work to be done in 2021 consists
of manufacturing and assembly of small and medium size parts, some of them still as trial
parts (level 5 to 2 of the test pyramid) for process adjustments, but finally as contribution to
the real demonstrator. Manufacturing data will be measured, collected and integrated in the
full barrel model, the so called digital twin. In parallel to the main structure the
manufacturing, assembly and pre-equipping of the floor module as well as the crown
module will widely take place.

The activities within the Next Generation Cabin & Cargo Functions shall be concluded by
integration tests of the developed cabin systems in the Multi-Functional Demonstrator. In
particular, this applies to the new Crown Module including its integrated systems, e.g. new
air system, power/data backbone, Universal Cabin Interface (UCI), movable Passenger
Service Unit (PSU) etc. In parallel, integration and automatic installation tests shall be
performed to validate the new industrialization approach (Industry 4.0).

In 2021, the main part of the activity related to the Next Generation Lower Centre Fuselage
Demonstrator will be dedicated to go on and consolidate 2020 activities and deliverables on
Center Fuselage with Belly Fairing integration. Moreover, studies on different modules will
be conducted on PaX floor, enhanced mixer unit, ECS (Environmental Control Systems).

2021 will be mostly oriented on technologies evaluations defined and developed 2020.

In parallel, based on industrial context of Platform 2 demonstrators, a specific effort will be
on automatization and integration, of the different solutions developed previous years.

And technical developments will continue on innovative sensing solutions for composite
material degradation detection due to environmental condition and loading on structure,
such as vibration-impact-pressure-lightning strike.

ONERA will contribute on two axes. First axe will be on metallic, by development of a model
making the link between microstructure and properties in order to reduce the number of
tests to calibrate fracture criterion. And for composite materials characterization of NCF and
thermoplastic materials there will be continuation of experimental characterizations of
composite materials at coupon
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Major Milestones planned for 2021

Demonstrators/Techno Streams
(as shown in CS2DP)
LPA-02-D1:Next Generation
Cabin and Systems Integration

Fuselage,

Major Milestones 2021

Handover of fuselage shells to final
assembly

Evaluations  for LPA  Platform 2
demonstrator contexts of a delamination
detection solution for large surface
monitoring, and an inspection system for
damage detection at structural interface
between complex composite structure and
assembled metallic components

LPA-02-D2: Next Generation Cabin &
Cargo Functions

Review of cabin system integration tests in
the Multifunctional fuselage demonstrator.
Review of foor-to-floor installation tests
following the new industrialization
approach.

LPA-02-D3: Next Generation Lower Center
Fuselage

2nd Review of thermoplastic technical
capacity for centre fuselage components
Thermoplastic Centre Fuselage 2nd build
up process completed with modules.

Major Deliverables planned for 2021

Demonstrators/Techno Streams

Major Deliverables 2021

(as shown in CS2DP)

LPA-02-D1:Next Generation
Cabin and Systems Integration

Fuselage,

Multifunctional Fuselage demonstrator
shells manufactured and delivered
Thermoplastic components
qualification tests completed,
available

CfPs Status evaluation about benefits and
applications- Airbus

Report on evaluation of sensing solutions
applied on structural test similar to what
will be needed for future Platform 2
Demonstrators testing.

Validation Report on fatigue prediction
tool

ONERA Material characteristic data

welding
results

LPA-02-D2: Next Generation Cabin &
Cargo Functions

Delivery of a fully integrated and validated
new crown module incl. all enabler
technologies

Delivery of a process qualified Printed
Electrics technology
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Demonstrators/Techno Streams Major Deliverables 2021

(as shown in CS2DP)

LPA-02-D3: Next Generation Lower Center | ¢ Report on thermoplastic technical capacity

Fuselage for centre fuselage components (2nd issue)

e Report on Thermoplastic Centre Fuselage
build up process with modules (2nd issue)

e Report on pre-production design (1st issue)

Platform 3: “Next Generation Aircraft Systems, Cockpit and Avionics” including advanced
systems maintenance activities

Activities related to the Large Aircraft Disruptive Cockpit Demonstrator:

Preparation and evaluation of the Proof of Concept (TRL3 equivalent) of the Large Aircraft
Disruptive Cockpit, based upon integration and evaluation of functions and technologies
provided by Thales, Honeywell, Airbus and CfP Partners such as IMBALS, AERTEC. The TRL
maturity will be demonstrated through the evaluation of several functional and operational
use cases;

Demonstration of the capability of the Audio Communication Manager (CfP AERTEC) to
alleviate the crew workload when dealing with the management of the radio frequencies
involved in Audio link communications, via Modular Radio Avionics function provided by
Honeywell:

In parallel, the Zodiac/Safran Cockpit Utility Management System and Liebherr smart sensor
interface integration and tests will continue.

Additionally, depending upon decision gates in 2019, some avionics functions and
technologies will be flight tested on Airbus flight test aircraft, such as navigation sensors,
Image Based Landing, Li-Fi from CfP ALC,...,

Activities related to the Regional Aircraft Active cockpit demonstrator:

Activities in 2021 will be dedicated to the review of the global operational assessment of all
REACTOR technologies (AMCGSS, ELWEV, PMS, VC) as one integrated system into the
Regional Aircraft Active cockpit demonstrator. The review of the global operational
validation will focus on the assessment of the capability of the integrated system to reach
TRL6 in prospective regional aircraft flight test which might be executed outside the CS2 LPA
Regional Aircraft cockpit demonstrator project.

The activities related to Ground and flight tests demonstration for Business jet will consist in
performing the demonstration tests on the final prototype of the Remote Data Power
controller (RDPC).

Major Milestones planned for 2021

Demonstrators/Techno Streams Major Milestones 2021

(as shown in CS2DP)

LPA-03-D1 Disruptive Cockpit e Large Aircraft Disruptive cockpit Modular Radio
Avionics and CfP Audio Communication Manager
entry into service on the systems integration
bench

e Large Aircraft Disruptive Cockpit Proof of
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Demonstrators/Techno Streams

(as shown in CS2DP)

Major Milestones 2021

Concept

LPA-03-D2 Regional Active Cockpit

Technologies operational validation (TRL 5) for Pilot
Workload Reduction Technologies

LPA-03-D2 Regional Active Cockpit

REACTOR Assessment of global
validation for reaching TRL6

operational

LPA-03-D3
Demonstrator

Business jets

Demonstration tests on the physical RDPC for the
Business jet

Major Deliverables planned for 2021

Demonstrators/Techno Streams

Major Deliverables 2021

(as shown in CS2DP)
LPA-03-D1 Disruptive Cockpit

Large Aircraft Disruptive cockpit Audio
communication management evaluation
report involving Modular Radio Avionic and
Audio Communication Manager functions
Large Aircraft disruptive cockpit Proof of
Concept assessment report

LPA-03-D2 Regional Active Cockpit

Final Review Report of global operational
validation (entailing the assessment of
reaching TRL6 in prospective flight tests)

LPA-03-D3 Business jets Demonstrator

Report on the Demonstration tests on the
physical RDPC for business jet
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IADP Regional Aircraft

Multi-annual overview and strategic planning
The REG IADP objective is to bring the integration of technologies for Regional Aircraft to a
further level of complexity with respect to the achievements of Clean Sky GRA. Retaining
GRA outcomes, advanced technologies for regional aircraft are being further developed,
integrated and validated at aircraft level, so as to drastically de-risk their integration on
future regional aircraft products.
The validation of technologies is progressively achieved through several testing activities
(wind tunnel testing, structural and system laboratory testing), then the integration and
validation at aircraft level will be achieved through the following major demonstrators:

- Adaptive wing integrated demonstrator: Flying Test Bed #1 (FTB#1) and Outer Wing

Box (OWB) on-ground demonstrator;

- Integrated technologies demonstrator: Flying Test Bed#2 (FTB#2)

- Fuselage / Cabin Integrated Demonstrator

- lIron Bird Demonstrator
With activities performed in the period 2014-2019 all technologies have been down-
selected and matured up to the proper level for the integration into the demonstrators; the
detailed design phase has been completed for most of the full-scale demonstrators and the
manufacturing of their components has started. Furthermore, during 2019 new activities
related to preliminary studies on hybrid/electrical regional aircraft configurations (40 pax
class) have been undertaken.
During 2020-2021, technical activities will be seamless continued from 2019 completing the
integration of technologies into each demonstrator, executing laboratory testing and wind
tunnel testing and progressing with the manufacturing and assembly of major
demonstrators. Validation/demonstration activities through major demonstrators will also
be executed during this period by performing a first step of in-flight test campaign and by
conducting several on-ground testing campaigns.

The main high-level objectives pursued in this timeframe are:

=  Completion of the 3" Design Loop for the Advanced Turboprop A/C configuration (90 pax
class) and delivery of the related Aircraft Simulation Model (ASM) to TE

= Progress with the studies related to hybrid/electrical regional a/c configurations

=  Completion of experimental aircraft modifications design and manufacturing for the
FTB#1 demonstrator

=  Completion of components manufacturing and starting of assembly phase for the OWB
on-ground demonstrator

=  Excution of the first step in-flight demonstration campaign for FTB#2 as well as
completion of components manufacturing and integration for the second in-flight
demonstration step to be performed in the next period

= Execution of Iron Bird demonstrations as well as of testing activity supporting the
permit-to-flight

= Starting of the structural demonstration activity for the fuselage full-scale demonstrator;
completion of Pax Cabin demonstator manufacturing, assembly and integration as well
as preparation for comfort and thermal testing to be performed in the next period.
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Description of main activities for the year 2020

WPO — Management

Leonardo Aircraft will perform IADP coordination, administration and management,
ensuring proper interactions and interfaces with the JU and other SPDs.

Airbus DS (CASA) will perform management activity of own demonstrator (FTB#2)
continuing to support Leonardo Aircraft for its integration in the management and
administrative tasks at REG IADP Level.

Core partners Coordinators of AIRGREEN2, ASTIB, EWIRA and IRON will perform
management coordination activities of their Consortium.

WP1 — High Efficiency Regional A/C
Regarding the TP 90pax conventional configuration, in this period all activities of engine and
aerodynamic data set Loop3 will be completed. The cost model assessment report will be
issued.
The studies related to new hybrid/electric propulsions concepts undertaken in 2019 will
continue in this period. In particular , the following main activities will be carried out by
Leonardo Aircraft and IRON:

e Conventional final configuration, engine dataset - Loop 3

e Cost model maintenance assesment

e Preliminary aerodynamics analyses for hybrid/electric configuration

e Preliminary Sizing and Configuration definition for hybrid/electric configuration

WP2 - Technologies Development

WP2.1 — Adaptive Electric Wing

Leonardo Aircraft will complete tests and results correlations on elements/subcomponents
(Liquid Resin Infusion process) and assessment (Zinc-Nickel Plating ) tests results. Project
ALFORAMA will complete the new alloy characterization for Additive Manufacturing and
demo manufacturing. AIRGREEN2 will complete the assessment by tests of LRI process and
SHM technologies, the full scale ground structural tests for Morphing Trailing Edge, Adaptive
Winglet and Innovative Wing Tip, the wind tunnel aeroservoelastic tests for gust loads
alleviations (WTT3). Projects GRETEL and AIRGREEN2 will complete the flexible wing wind
tunnel model (scale 1:3) while project ESTRO will complete the high speed wind tunnel tests
(WTT2).

WP2.2 — Regional Avionics

Leonardo Aircraft will continue activities related to the Integrated Vehicle Health
Management (IVHM) finalizing the IVHM framework development. Validation tests will be
defined as well.

WP2.3 — Energy Optimized Regional Aircraft

WIPS Detailed Design as well as Demonstrator design and development will be completed;
the test article will be delivered for IWT.

E-LGS Qualification at ASTIB Core Partners facilities will be completed.

ThM development of technologies will progress and manufacturing will start for innovative
ECS recirculation/air treatment system.

A-EPGDS technologies will be ready for Iron Bird integration and test campaign.

Hybrid ECS Testing will be performed at LTS facilities.

Low noise Propeller WT model prototypes design and manufacturing will be performed.
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WP2.4 — Flight Control System

Leonardo Aircraft and ASTIB will complete the FCS activities enabling the integration of
relevant systems and components on the Iron Bird. In particular, ASTIB will provide Winglet
and Wingtip EMAs actuators and EACUs.

Topic Management activities for TAIRA CfP will be performed so as to have on-dock by April
2020 Aileron EMA’s, Motor Controller’'s and EACU’s. In LEONARDO’s Turin plant test
activities on the test bench provided by Honeywell will be performed.

ASTIB will complete the activities relevant high-fidelity models and real time models.

WP3 — Demonstrations

WP3.1 — Adaptive Wing Integrated Demonstrator (FTB#1 and OWB)

Leonardo Aircraft will complete the detailed design of the demo A/C experimental and FTI
modifications with release of electrical, mechanical and installation drawings. The
achievement of the A/C CDR in June 2020 will allow to start the manufacturing of aircraft
mechanical/electrical parts and procurement of FTI and production tooling. In parallel the
Core Partner AG2 will start the manufacturing of the Morphing Winglet and Innovative
Wingtip structures. With respect to OWB, Leonardo Aircraft will execute the destructive and
non destructive characterizations on the Pre Production Verification Upper stiffened panel
manufactured with Liquid Resin Infusion. Upper Panels manufacturing will start. AG2-HAI
will start the manufacturing of Spars and Ribs. In VADIS Project, the pre acceptance and
mid-scale assembly will be executed.

WP3.2 — Fuselage / Cabin Integrated Demonstrator

Leonardo Aircraft will continue the manufacturing and NDI of Fuselage Structural
Demonstrator panels and start the assembling including sub-structures by CfP projects:
COFRARE2020, SPARE, TOD, WINFRAME4.0, FUSINBUL. Test rig for structural tests will be
designed and manufactured. The design of cabin interiors will be finalized for the Pax Cabin
Demonstrator CDR. The manufacturing and NDI of Cabin Demonstrator panels will start.
FHG will finalise the design of air conditioning system to provide exterior skin heating and
cooling, cabin ventilation and the interfaces to partner (e.g. CfP NADIiA). The design of the
data logging system will be finalized. The purchase for required material and control
systems will start. A manual NDI system for ice detection on the fuselage will be developed.
WP3.3 — Flight Simulator

No activities will be performed.

WP3.4 —Iron Bird

During 2020 the progressive components manufacturing and installation into the Iron Bird
area will be completed. After the completion of their mechanical, electrical and functional
integration the first preliminary ground tests will be scheduled.

The components integration will take place in different phases, according to the progressive
availability of the components.

WP3.5 — Integrated Technologies Demonstrator Flight Test Bed#2 (FTB#2)

The activities of Airbus DS and EWIRA during 2020 will be focused on one hand on the
maturation of assembly and manufacturing technologies and on the other hand on the
preparation of Regional FTB2 demonstrator for the STEP 1 flight test campaign: finalization
of a/c modification and on ground functional tests of technological capacities. Innovative
jigless methods (white light, digitalization of surfaces, virtual gap measurements) will be
demonstrated at full size taken advantage of the readiness of demonstrator structural
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elements like flaps, ailerons and spoilers. Additionally, wind tunnel test results will be
available for the aerodynamic evaluation of the new semi-morphing wing concept by means
of experimental and computational means.

WP4 — Technologies Development / Demonstrations Results

WP4.1 — Technology Assessment

Continuation of interactions and interface with TE.
The third loop of ASMs for Advanced Turboprop A/C configuration (90 pax) will be delivered

for TE evaluations.
WP4.2 — Eco-design Interface

Continuation of interaction and interface with ECO TA.

Activities will be performed to ensure the proper interfacing between the REG WPs
containing development of innovative technologies with Eco-design content and ECO TA for
the evaluation of the relative environmental impact

Major Milestones planned for 2020

Demonstrators/Techno Streams

(as shown in CS2DP)

Major Milestones 2020

REG WP1 - TP90 Pax Configuration

Provision of Conventional final configuration,
engine dataset - Loop 3.
(WP Ref.: WP1)

REG WP2.1 - WTTs demonstrators for
Innovative AirVehicle Technologies

REG D1 - Adaptive Wing Integrated
Demonstrator — Flying Test Bed#1 (FTB1)

Morphing Devices (Adaptive Winglet and
Morphing Trailing Edge) full scale Ground
structural tests completion

(WP Ref.: WP2.1)

REG D3 - Full scale innovative Fuselage &
Pax Cabin demonstrator (Structural
demonstration); REG D4 - Iron Bird

Availability of final IVHM framework release
(WP Ref.: WP2.2)

REG D4 - Iron Bird

Electrical Landing Gear System Qualification
Completion
(WP Ref.: WP2.3)

REG D4 - Iron Bird

FCS Test Readiness Review on the Iron Bird
(WP Ref.: WP2.4, WP3.4)

REG D1 - Adaptive Wing Integrated
Demonstrator — Flying Test Bed#1 (FTB1)

Experimental Modifications A/C Critical Design
Review (CDR)
(WP Ref.: WP3.1)

REG D3 - Full scale innovative Fuselage &
Pax Cabin demonstrator (Comfort/Thermal
demonstrations)

Pax Cabin Demonstrator Critical Design
Review
(WP Ref.: WP3.2)

REG D4 - Iron Bird

Iron Bird components installation
(WP Ref.: WP3.4)

REG D2 - Integrated Technologies
Demonstrator — Flying Test Bed#2 (FTB2)

Semi-morphing wing concept: end of wing
modification of Regional FTB#2
(WP Ref.: WP3.5)
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Major Deliverables planned for 2020

Demonstrators/Techno Streams

(as shown in CS2DP)

Major Deliverables 2020

REG WP1 - TP90 Pax Configuration
validation through WTT demonstrator

Conventional final
dataset - Loop 3.
(WP Ref.: WP1)

configuration, engine

REG D1 - Adaptive Wing Integrated
Demonstrator — Flying Test Bed#1 (FTB1)

Ground experimental validations of Morphing
Winglet full scale demonstrator
(WP Ref.: WP2.1)

REG D3 - Full scale innovative Fuselage &
Pax Cabin  demonstrator  (Structural
demonstration); REG D4 - Iron Bird

Summary of final IVHM framework
(WP Ref.: WP2.2)

REG WP2.3 - IWT Demonstrator for the Low
Power WIPS

WIPS Detailed Design and Demonstrator
design, development and delivery for IWT
(Report)

(WP Ref.: WP2.3)

REG D4 - Iron Bird

FCS Test Readiness Review Summary Report
(WP Ref.: WP2.4, WP3.4)

REG D1 - Adaptive Wing Integrated
Demonstrator — Flying Test Bed#1 (FTB1)

Experimental Modifications Electrical and
Mechanical parts Drawings

(WP Ref.: WP3.1)

REG D3 - Full scale innovative Fuselage &
Pax Cabin demonstrator (Comfort/Thermal
demonstrations)

Installation drawings of cabin interior major
items
(WP Ref.: WP3.2)

REG D4 - Iron Bird

Iron Bird components installation report
(WP Ref.: WP3.4)

REG D2 - |Integrated Technologies
Demonstrator — Flying Test Bed#2 (FTB2)

Regional FTB#2 Demonstrator: a/c
modification status and technology summary
of STEP 1 challenges

(WP Ref.: WP3.5)

Description of main activities for the year 2021

WP0 — Management

Leonardo Aircraft will perform IADP coordination, administration and management,
ensuring proper interactions and interfaces with the JU and other SPDs.

Airbus DS (CASA) will perform management activity of own demonstrator (FTB#2)
continuing to support Leonardo Aircraft for its integration in the management and

administrative tasks at REG IADP Level.

Core partners Coordinators of AIRGREEN2, ASTIB, EWIRA and

IRON will perform

management coordination activities of their Consortium.

WP1 — High Efficiency Regional A/C

Activities for the conventional TP 90 pax will be devoted to the completion of the sizing and

performance configuration.
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Activities related to the new configuration with hybrid/electric propulsion concepts will
enable the achievement of TRL3 for such configuration; in particular, an assessment will be
performed for the Wind Tunnel Test Results of a Distributed Electrical Propulsion (DEP)
configuration.
The following main activities will be performed by Leonardo Aircraft and IRON:

e Sizing and performance evaluation of the conventional - Loop 3.

e Conventional configuration definition - Loop 3.

e Conventional configuration Weight balance analysis, aerodynamics and aero-

acoustic integration studies - Loop 3.
e Hybrid/Electric Configuration - wind tunnel assessment.

WP2 - Technologies
WP2.1 — Adaptive Electric Wing
Leonardo Aircraft will support activities aimed to the OWB demonstration in WP3.1 by
solving manufacturing or assembling issues, and final experimental (structural and
aerodynamics) results assessment at A/C level AIRGREEN2 will complete the Morphing
Droop Nose (WTT2 model scaled 1:3) wind tunnel functionality test.
WP2.2 — Regional Avionics
Leonardo Aircraft will validate the IVHM framework and update the IVHM architecture
according to final outcomes of REG IADP WPs (e.g. WP2.1) providing input to WP2.2.3.
WP2.3 — Energy Optimized Regional Aircraft
WIPS IWT Demonstration will be performed and assessment of results will be completed.
Engineering support will be provided for:

e E-LGS test campaign on the Iron Bird.

e A-EPGDS technologies integration and test campaign (on the Iron Bird

e Hybrid ECS & ThM Thermal Test Bench test campaign
Wind Tunnel Tests will start for the Low Noise Propeller.
WP2.4 — Innovative Flight Control System
FCS integration activities for the FTB#1 aircraft demonstrator will be accomplished. ASTIB
will support the integration on Winglet and Wingtip devices of EMAs and EACUs.
Topic Management activities for TAIRA CfP will continue so as to achieve the Aileron EMA’s,
Motor Controller’s and EACU’s integration on the Iron Bird and the starting of the test
activities on the whole actuation sub-system.
ASTIB will also perform the activities and the test planned for the PHM.

WP3 — Demonstrations

WP3.1 — Adaptive Wing Integrated Demonstrator (FTB#1 & OWB)

Leonardo Aircraft will complete the manufacturing of aircraft mechanical/electrical parts
and procurement of FTI and production tooling, then will perform the FTI installation and
calibration, the experimental Modifications installation and execution of A/C ground test. In
parallel the Core Partner AG2 will complete assembly and qualification of the Morphing
Winglet and Innovative WingTip. The Means of Compliance to Safety of Flight will be
produced and the documentation for the Permit to Flight application collected.

With respect to OWB, Leonardo Aircraft will manufacture the Pre Production Verification
Lower stiffened panel and execute the destructive and non destructive characterizations.
Lower Panels manufacturing will be executed. AG2-HAI will complete the manufacturing of
Spars and Ribs. In VADIS Project, the scanning of panels will start.
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WP3.2 — Fuselage / Cabin Integrated Demonstrator

Leonardo Aircraft will continue the manufacturing and NDI of Passengers Cabin
Demonstrator panels. The assembling of structural components for the Passengers Cabin
Demonstrator and the integration of cabin items into the demonstrator will start. The test
rig for vibro-acoustic tests will be designed and manufactured. The Fuselage Structural
Demonstrator Test Readiness Review will be prepared. Structural pressurization cycles test
will start. FHG will purchase and install required material for air conditioning system, control
system, mechanical support. The control system for the appliances will be implemented and
tested towards dummy loads. Partner inputs from WP2.3.5 and CfPs will be integrated into
the system. A prototype for automated NDI scanning method for ice detection on the
fuselage will be set up.

WP3.3 — Flight Simulator

No activities will be performed.

WP3.4 — Iron Bird

During 2021 the functional ground tests relevant to WP2.3.4, WP2.3.2 and WP2.4
technologies will continue. The Ground Test Readiness Review (GTRR) will take place, in
order to verify that all the necessary features and capabilities will be available.

After completion of the ground tests phase, the correspondent results will be collected and
analyzed, providing the relevant necessary documentation.

WP3.5 — Integrated Technologies Demonstrator (FTB#2)

In 2021, Regional FTB#2 Step 1 flight test campaign will be completed. The first evaluation
of the technology concepts selected (Technology Readiness Level TRL 6) will be performed
as well as comparison between initial Clean Sky 2 objectives and achievements.

The technology lines to be assessed will be semi-morphing wing concepts including
affordable flight control systems, multifunctional flaps, and new ailerons. The aerodynamic
and flight mechanics studies will take advantage of initial theoretical models, on-ground
simulators (wind tunnel tests and actuation rigs) and flight test instrumentation to have a
complete picture of the Regional FTB#2 Step 1 demonstration.

EWIRA will conclude the results of the innovative techniques for new materials and
processes and also the final demonstration of components assembly by means of jig-less
approaches in components like central wing box demonstrator and engine mounting
systems.

WP4 — Technologies Development / Demonstrations Results

WP4.1 — Technology Assessment

Continuation of interactions and interface with TE.

WP4.2 — Eco-design Interface

Continuation of interaction, interface and data exchange with ECO TA.

Major Milestones planned for 2021

Demonstrators/Techno Streams Major Milestones 2021

(as shown in CS2DP)

REG WP1 - TP90 Pax Configuration validation | Provision of Conventional configuration
through WTT demonstrator definition - Loop 3.
[WP Ref.: WP1 (or WP4.1)]

REG WP2.1 - WTTs demonstrators for | Morphing devices wind tunnel tests (WTT2
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Demonstrators/Techno Streams

(as shown in CS2DP)

Major Milestones 2021

Innovative AirVehicle Technologies
REG D1 - Adaptive Wing Integrated
Demonstrator — Flying Test Bed#1 (FTB1)

and Droop Nose functionality) completion

[WP Ref.: WP2.1]

REG D3 - Full scale innovative Fuselage & Pax
Cabin demonstrator (Structural
demonstration); REG D4 - Iron Bird

IVHM framework validation
[WP Ref.: WP2.2]

REG D4 - Iron Bird

A-EPGDS technologies Iron Bird integration
and test campaign (report)
[WP Ref.: WP2.3]

REG D1 - Adaptive Wing Integrated
Demonstrator — Flying Test Bed#1 (FTB1)

Flight Test campaign Readiness for FCS
actuation sub-systems
[WP Ref.: WP2.4]

REG D1 - Adaptive Wing Integrated
Demonstrator — Flying Test Bed#1 (FTB1)

Demo Aircraft Available
[WP Ref.: WP3.1]

REG D3 - Full scale innovative Fuselage & Pax
Cabin demonstrator (Structural
demonstration);

Fuselage Ground demonstrator ready for
test
[WP Ref.: WP3.2]

REG D4 - Iron Bird

GTRR progress
[WP Ref.: WP3.4]

REG D2 - |Integrated Technologies
Demonstrator — Flying Test Bed#2 (FTB2)

Regional FTB#2 STEP 1 in
demonstration

[WP Ref.: WP3.5]

flight

Major Deliverables planned for 2021

Demonstrators/Techno Streams

Major Deliverables 2021

(as shown in CS2DP)
REG WP1 - TP90 Pax Configuration validation
through WTT demonstrator

Conventional configuration definition - Loop
3.
[WP Ref.: WP1]

REG WP2.1 - WTTs demonstrators for
Innovative AirVehicle Technologies
REG D1 - Adaptive Wing Integrated

Demonstrator — Flying Test Bed#1 (FTB1)

Final A/C level Air Vehicle Tecnologies
(morphing, high lift, loads alleviation,
laminar flow) assessment.

[WP Ref.: WP2.1]

REG D3 - Full scale innovative Fuselage & Pax
Cabin demonstrator (Structural
demonstration); REG D4 - Iron Bird

Description of IVHM framework validation
outcomes
[WP Ref.: WP2.2]

REG D3 - Full scale innovative Fuselage & Pax

Hybrid ECS & ThM Thermal Test Bench test

Cabin  demonstrator  (Comfort/Thermal | campaign (report)
demonstrations) [WP Ref.: WP2.3]
REG D1 - Adaptive Wing Integrated | Flight Test campaign Readiness for FCS

Demonstrator — Flying Test Bed#1 (FTB1)

actuation sub-systems: summary report.
[WP Ref.: WP2.4]

REG D1 - Adaptive Wing Integrated

FTB#1 Experimental Systems Ground test

CS-GB- 2019-11-21 WP and Budget 2020-2021

38




Demonstrators/Techno Streams

(as shown in CS2DP)

Major Deliverables 2021

Demonstrator — Flying Test Bed#1 (FTB1)

requirements and procedures
[WP Ref.: WP3.1]

REG D3 - Full scale innovative Fuselage & Pax
Cabin demonstrator (Structural
demonstration)

Fuselage Ground demonstrator TRR Report
[WP Ref.: WP3.2]

REG D4 - Iron Bird

Iron Bird GTRR report
[WP Ref.: WP3.4]

REG D2 - Integrated Technologies
Demonstrator — Flying Test Bed#2 (FTB2)

Regional FTB#2 Demonstrator: flight test
evaluation of STEP 1. Description of flight
tests campaign.

[WP Ref.: WP3.5]
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IADP Fast Rotorcraft
Multi-annual overview and strategic planning

The Fast Rotorcraft IADP of Clean Sky 2 consists of two flight demonstrators, the Next
Generation Civil TiltRotor (NGCTR) [leader: Leonardo Helicopters] and the RACER compound
helicopter [leader: Airbus Helicopters]. These two fast rotorcraft concepts aim to deliver
superior vehicle productivity and performance, and through this economic advantage to
users.

NGCTR aims to design, build and fly an innovative next generation civil tiltrotor technology
demonstrator. The configuration will go beyond current architectures of this type of aircraft
and will involve tilting proprotors mounted in fixed nacelles at the tips of the wing. The wing
will have a fixed inboard portion whereas, the outboard portion will house a large movable
flaps that articulate with the rotor so as to reduce the rotor impingement in hover and
increase efficiency. In the period 2016-2018, the involvement of Core Partner and Partners
allowed to reach design maturity level to satisfy Preliminary Design Review (PDR)
requirements. Activities in the major sub-system areas (Transmissions, Rotors, Airframe
Structures, Electrical & Avionic and Airframe Systems) will be continued on 2020 toward
Critical Design Review (CDR) and later, toward the Manufacturing and assembling of the
relevant subsystems.

The RACER (formerly LifeRCraft) aims at developing and flight-testing in 2020-2023 a full
scale flightworthy demonstrator, which embodies the new European compound rotorcraft
architecture. This architecture combines a lifting rotor with two lateral rotors at the tips of
novel box-wings architecture, in pusher configuration. Feasibility and conceptual design
studies performed in 2014-2015 confirmed capabilities similar to a conventional helicopter
in hovering and vertical flight and 50% faster cruise with lower environmental impact. In the
period 2016-2017, the involvement of all Core Partners and Partners allowed completing
the key architecture maturation, with Preliminary Design phase completed mid-2018.
Further progress with the detailed design of components was performed in 2018-2019, with
the Critical Design Review, at complete demonstrator level, hold in 2019, as well as some
specific technology validation ground tests. The assembly of the technology demonstrator
was started end of 2019, and will be continued until flight tests.

Description of main activities for the year 2020
Activities relevant to the Next Generation Civil Tiltrotor demonstrator (WP1)

Programme Management activities specific to the NGCTR demonstrator platform will be
continued to mature technologies and design toward the next level (CDR) along with sub-
system reviews for technologies related to the wing, airframe structure, transmission,
avionic and flight control systems.

WP 1.1: NGCTR Demonstrator Management and Co-ordination

This WP is responsible for the Programme management and control to carry out all tasks
needed to co-ordinate, orient, report and plan the NGCTR project specific activities in line
with IADP level requirements including Core Partner/Partner coordination. To timely deliver
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all documents and information as required by the FRC IADP in line with the Management
Manual.
These activities run continuously for the 2020 period.

WP 1.2: Air Vehicle Design and Development

This WP deals with TD design and system integration activities that are needed at aircraft
and sub-system level.

The major activity in 2020 is to reach design maturity to satisfy Critical Design Review (CDR)
requirements. In support of this the major sub-system areas (Transmissions, Rotors,
Airframe Structures, Electrical & Avionic and Airframe Systems) will develop their design
solutions against requirements to support the NGCTR-TD aircraft level review. In addition
whole aircraft system level (Design Integration and TiltRotor System Design) modelling will
be undertaken to ensure that projected overall attributes such as mass distribution,
vibration, electromagnetic compatibility, torsional and aeroelastic stability, flight and
landing/ground loads will support airworthiness requirements. Hazard analyses will be
conducted to support safety assessments.

WP 1.3: Aircraft Final Assembly

This WP deals with the activities associated with NGCTR TD build and assembly, coordinated
by Industrial Engineering, including the manufacture of jigs, tooling and components, plus
the modification of the donor test vehicle to Technology Demonstrator flight standard.

In 2020, the above activities will include the release of bills of materials to initiate
procurement and manufacture of components for test rigs and the TD, engagement of
Vendors and Leonardo manufacturing plants, and launch of tooling and jigs.

Continuous support to Engineering in order to check feasibility and manufacturability of
components will be also guaranteed.

Contribution to the NGCTR System Engineering design process will be provided to support
the technical milestones leading up to CDR.

WP 1.4: Aircraft Test and Demonstration

This WP deals with TD ground and flight tests, and includes aircraft Instrumentation design
and development to the purpose.

In 2020, support will be given by Test Pilots and Flight Test Engineering to the detailed
design phase to ensure that the required level of safety and performance will be achieved in
due course during the ground and flight testing phase. As major outcome the preliminary
Ground and Flight test matrix will be defined.

In addition Flight Instrumentation requirements will be defined and substantiated in
collaboration with Engineering specialists.

Activities relevant to the RACER demonstrator (WP2)

RACER demonstrator Programme Management activities will continue. The manufacturing,
started in 2018, will continue until completion in 2020. The major activities in 2020 are to
assembly the RACER Demonstrator and perform all necessary ground tests.

These activities run continuously for the 2020 period.
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Due to unexpected, additional work, required to mature the new demonstrator formula, a
shortage of currently allocated FRC WP2 funding compared to Cost-to-Completion costs has
been identified. As consequence, a very significant part of WP2 Leader activity in 2020 will
be hosted first with pure Leader Self-Funding, or supported by National Projects Additional
Activities. During 2020, further extra funding opportunities will be investigated to secure
and reinforce flight test.

WP 2A: RACER Flight Demonstrator Integration

WP2.A activities will cover integration follow-up of all components and sub-systems delivery
follow-up. In 2020, the major activity is the preparation of the Permit To Fly, which calls for
the implementation of the logic for RACER demonstrator’s safety, through successful key
ground testing and simulations completion.

A significant part of 2A effort in 2020, will be the follow-up of flightworthy components
deliveries, coming from CS2 Core Partners / Partners, or manufactured and/or purchased by
the Leader. This sourcing effort will obviously represent significant procurement and
manufacturing expenditures.

WP 2B: RACER Airframe Integration

Delivery of most RACER Airframe components from Core Partners and Partners is planned
end of 2019, and will be resumed in 2020. A first Fuselage Pre-Assembly, including canopy,
will integrate key systems (Fuel, Flight Controls, etc.), and should start at AHD premises end
2019, and will continue in 2020. The final assembly of the Airframe will continue at
Marignane in 2020.

All those FRC 2B demonstrator activities will rely on successful performance of related AIR
ITD activities, with in particular flightworthy RACER wings, tail, and doors, delivered by AIR-
ITD Core Partners and Partner.

WP 2C: RACER Dynamic Assembly Integration

RACER Dynamic Assembly scope of work in 2020 will be mainly about manufacturing and
subsequent ground tests.

Propeller Gear Boxes (Mobility Discovery Core Partner’s project) are to be delivered in 2020,
as well as lateral drive line, main rotor including blades, and flight control system.

The Main Gear box (cooperation between the FRC WP2 Leader, and the ARTEMIS Core
Partner’s project) will continue its specific planning recovery logic.

WP 2D: RACER On-board Systems Integration

RACER On-Board Systems activities in 2020 will concern as well external sourcing,
manufacturing and ground tests.

Lots of on-board equipment (avionics, radio, etc.) will be delivered to the Leader’s facility.
Following completion of key Ground tests performed mainly in 2019 and continued in 2020
(Systems Integration Rig, Electrical Generation & Distribution System, etc.), the 2D-related
items will then be pre-assembled at systems’ level, and then be sent for Final Assembly on
the complete RACER demonstrator.

Transversal Fast Rotorcraft Activities (WP3, WP4 & WP5)

WP 3: Eco-Design Concept Implementation to Fast Rotorcraft
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Within WP3 FRC leaders will implement the Life Cycle Assessment (LCA) relevant to the
defined case studies for each demonstrator (RACER for AH and NGCTR for LH), including
data collected from Leaders, Core Partners and active Partners.

On 2020 FRC leaders will complete activities started on 2019 related to the definition of the
Life Cycle Inventories (LCl) of relevant parts/technologies obtained as outcome of FRC/ECO-
TA technologies mapping according to eco-themes and Eco-TA Vehicle Ecological Economic
Synergy (VEES) mapping covering several life cycle phases. Collecting different LCls of
selected parts/technologies will be beneficial for support of the Eco-TA EDAS Mapping. Data
collections may include: Life cycle of production, operation, end of life taking into account
Re-Use, Re-Definition of material and part recycling and recovery, Maintenance, repair and
overhaul.

Using the VEES mapping, the Eco-related technologies to be considered for LCA will be
improved, and related Projects will be proposed for Eco-TA funding. Should Projects
proposed by FRC Leaders in 2019 for ECO-TA be approved, the relevant activities would be
developed from 2020.

WP 4: Technology Evaluator Methodology for Fast Rotorcraft

Within this WP Leonardo Helicopters and Airbus Helicopters jointly define S.M.A.R.T.
environmental, productivity and social mobility objectives for the two FRC concepts.

To improve and refine methodologies capable of evaluating and measuring fuel
consumption, CO2, NOx and noise emissions of a FRC is the objective for TE-TA in order to
assess a forecast of the global fleet environmental impact until 2050.

The synergic work with TE-TA will be carried on, aimed at analyzing existing forecasts about
the volume and movements of Rotorcrafts, establishing a new forecast for the fleet and the
number of movements up to 2035, and estimating the share of European products in the
related markets.

Support will be given to the TE-TA in order to undertake, at airport and ATS level, Rotorcraft
assessments of environmental (emissions and noise) and mobility (connectivity and
productivity) improvements that may be accrued through replacement of reference
technology over the designated time scales.

WP 5: Fast Rotorcraft Project Coordination

The coordinator will act as the prime interface to the Clean Sky Joint Undertaking (CSJU) for
all aspects of the consortium, working closely with the FRC co-leader and other Beneficiaries
of the consortium.

Appropriate representation in Clean Sky 2 Committees will be maintained to ensure
coherence across all aspects of the programme. In addition FRC specific Steering Committee
meetings will be held to ensure communication is maintained and the consortium have an
opportunity to influence necessary aspects of the project.

The 2020 annual reporting and financial claims for all partners will be managed to ensure
delivery and submission in the EC grant management tool by the agreed deadline.
Distribution of any payments and 2019/2020 GAM retention fund will be made in
accordance with each beneficiary claim, respecting agreed overall budget limits.

Quarterly progress reporting will be compiled and issued, including the status of spend,
milestone and deliverable achievement, KPIs, TRLs and risks etc. A formal Annual Review
and Interim Progress Review will be held with the CSJU. Any inputs required to Clean Sky 2
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programme level documents such as the

Development Plan and Work Plan will be

coordinated and submitted on behalf of the consortium.

Taking into account the project is entered in a very consolidate phase toward the final
demonstrators, effective strategies to disseminate and communicate project achievements
will be identified. Beneficiary inputs to the consortium Dissemination, Communication and
Exploitation plans and registers will be maintained to ensure compliance with GAM

requirements.
Major Milestones planned for 2020

Demonstrators/Techno Streams

Major Milestones 2020

(as shown in CS2DP)

ET1.2 — D02 - Tie Down TiltRotor (TDT)
Demo

Critical Design Review (CDR) — WP1

ET1.2 — D02 - Tie Down TiltRotor (TDT)
Demo

TD fuselage build — WP1

ET2.1 - RACER Flight Demonstrator | Assembly of the RACER demo — WP2
Integration

ET2.1 - RACER Flight Demonstrator | TD Ground tests — WP2
Integration

ET2.1 - RACER Flight Demonstrator | First flight tests — WP2

Integration

Eco Design Concept Implementation

Definition of the Green

inventory — WP3

technologies

Technology Evaluator Methodology

Definition of tools and metrics for FRC
mobility and productivity assessment — WP4

N /A

Annual Review of 2020 progress — WP5

Major Deliverables planned for 2020

Demonstrators/Techno Streams

Major Deliverables 2020

(as shown in CS2DP)
ET1.1 - DO1 —-Wind Tunnel Model

Low and high speed WTT Reports - WP1

ET1.2 - DO2 - Tie Down TiltRotor (TDT) Demo

Critical Design Review — summary note -
WP1

ET1.9 - D09 — Digital Mock-up (DMU)

Final Digital Mock - WP1

ET2.1 - RACER Flight Demonstrator | Critical Design Review - summary note —
Integration WP2

ET2.1 - RACER Flight Demonstrator | Assembly of the full scale demonstrator —
Integration Summary for press release — WP2

Eco Design Concept Implementation

Eco-Design Analysis of green materials and
processes — WP3

Technology Evaluator Methodology

Delivery of NGCTR mobility and productivity
assessment —WP4

N /A

Annual Report 2020 - WP5
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Demonstrators/Techno Streams Major Deliverables 2020

(as shown in CS2DP)

N /A Dissemination, communication and
exploitation Plan — WP5

Description of main activities for the year 2021
Activities relevant to the Next Generation Civil TiltRotor demonstrator (WP1)

Programme Management activities specific to the NGCTR demonstrator platform will be
continued to finalise the design and start manufacturing and testing activities at sub-system
level. Interactions with the relevant the Civil Airworthiness Authority will be consolidated
toward the achievement of the permit to Fly.

WP 1.1: NGCTR Demonstrator Management and Co-ordination

Programme management and control to carry out all tasks needed to co-ordinate orient,
report and plan the NGCTR project specific activities in line with IADP level requirements
including Core Partner/Partner coordination. To timely deliver all documents and
information as required by the FRC IADP in line with the Management Manual. These
activities run continuously for the 2021 period.

WP 1.2: Air Vehicle Design and Development

This WP deals with TD design and system integration activities that are needed at aircraft
and sub-system level. In 2021, the design of the major sub-systems (Transmissions, Rotors,
Airframe Structures, Electrical & Avionic and Airframe Systems) will be frozen at assembly
level, post the CDR in 2020. Test plans will be issued to provide the list of requirements to
be fulfilled to prove design safety, functionality and performance. Test rigs will be
developed and commissioned. In addition the discussion of the Permit to Fly will be started
with the Civil Airworthiness Authority based on the evidences coming from the design
frozen at CDR and the preliminary (safety) analyses/assessments performed to date.

WP 1.3: Aircraft Final Assembly

This WP deals with the activities associated with NGCTR TD build and assembly, coordinated
by Industrial Engineering, including the manufacture of jigs, tooling and components, plus
the modification of the donor test vehicle to Technology Demonstrator flight standard.

In 2021 the major manufacturing-related activities will concern the build of TD aircraft parts
and components, both MAKE and BUY. Based on the maturity of TD design achieved at CDR,
preparation of documentation for aircraft parts sub-assemblies and TD final assembly will
prepared. The critical test items will be built in order to support initial structural tests.

WP 1.4: Aircraft Test and Demonstration

This WP deals with TD ground and flight tests, and includes aircraft Instrumentation design
and development to the purpose.

In 2021 support will be given by Test Pilots and Flight Test Engineering to the completion of
the flight safety and performance assessment needed for ground and flight testing
clearance. As major outcome the final Ground and Flight test matrix will be defined.
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In addition Flight Instrumentation design and build will be performed in collaboration with
Engineering specialists and Leonardo Operations.

Activities relevant to the RACER demonstrator (WP2)

RACER demonstrator Programme Management activities will continue. The major activities
in 2021 are to perform the RACER Demonstrator flight domain opening.

As for 2020 activities, FRC WP2 tasks for 2021 are not, at the date of writing (2019)
completely covered in the Clean Sky JU funding plans. Members’ Self-Funding allocation is
planned for the time being, to cover the financial risk related to missing JU funding to
support RACER Flight Tests. WP 2A: RACER Flight Demonstrator Integration

WP2.A activities will cover mainly the follow-up of the flight domain opening for the RACER
demonstrator. Some additional ground tests might be performed to support flight tests.

WP 2B: RACER Airframe Integration

WP2B in 2021 will consists first in the support to Flight Test performance. Experts from the
whole RACER community (Leader, Core Partners, and Partners) may be asked to contribute
to flight tests signals analysis, as well as to post-flight inspections.

A potential source of activity could also be related to the need of remanufacture some
parts, as well as performing supporting ground tests.

WP 2C: RACER Dynamic Assembly Integration

WP2C in 2021 will consists first in the support to Flight Test performance. Experts from the

whole RACER community (Leader, Core Partners, and Partners) may be asked to contribute

to flight tests signals analysis, as well as to post-flight inspections.

A potential source of activity could also be related to:

- additional ground tests to be performed, to accompany flight tests. In particular, some
endurance ground tests, required to ensure safety all along the Flight demonstration
planned, and which could not be done prior to the first flight.

- the need of remanufacture some parts, that could be related to the outcome of the
potential endurance ground tests.

In particular, the Main Gear box (cooperation between the FRC WP2 Leader, and the

ARTEMIS Core Partner’s project) will continue some endurance ground tests, necessary to

allow the RACER flights for the expected full flight demonstration duration (some hundreds

of flight-tests hours).

WP 2D: RACER On-board Systems Integration

WP2D in 2021 will consists first in the support to Flight Test performance. Experts from the
whole RACER community (Leader, Core Partners, and Partners) may be asked to contribute
to flight tests signals analysis, as well as to post-flight inspections.

A potential source of activity could also be related to the need of remanufacture some
parts, troubleshooting on systems, as well as performing supporting ground tests.
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Transversal Fast Rotorcraft Activities (WP3, WP4 & WP5)

WP 3: Eco-Design Concept Implementation to Fast Rotorcraft

Within WP3 FRC leaders will implement the Life Cycle Assessment (LCA) relevant to the
defined case studies for each demonstrator (RACER for AH and NGCTR for LH), including
data collected from Leaders, Core partners and active partners.

In 2021 FRC leaders will completely define reliable, accurate and complete life cycle models
of green technologies relying on Eco-Transverse Activity VEES and EDAS mapping. Life Cycle
Assessment (LCA) tools will be completed considering real industrial conditions in order to
evaluate the environmental impact of new green technologies and to benchmark them
against current technologies. A complete and final interpretation of Life Cycle Inventory
(LCl) and Life Cycle Impact Assessment (LCIA) will include an assessment and a sensitivity
check of the significant inputs, outputs and methodological choices in order to understand
the variability of results.

LCA results will be used to define methodologies and guidelines for consolidated
technologies toward a Design for Environment (DfE) vision for the next generation Fast
Rotorcraft.

WP 4: Technology Evaluator Methodology for Fast Rotorcraft

Within this WP Leonardo Helicopters and Airbus Helicopters undertake an in-depth analysis
of the results and verification of the fidelity of the models against the evolving platform
configurations.

An assessment of concept technology benefits against the reference models will be
developed, supported by agreed methodology capable of measuring achievements
progress.

Support will be given to TE-TA to analyze existing forecast about the volume and
movements of Rotorcraft in the relevant years, addressing social mobility and productivity
objectives, and outlining a pathway which identify how those targets will be met.

WP 5: Fast Rotorcraft Project Coordination

The co-ordinator will act as the prime interface to the Clean Sky Joint Undertaking (CSJU) for
all aspects of the consortium, working closely with the FRC co-leader and other Beneficiaries
of the consortium.

Appropriate representation in Clean Sky 2 Committees will be maintained to ensure
coherence across all aspects of the programme. In addition FRC specific Steering Committee
meetings will be held to ensure communication is maintained and the consortium have an
opportunity to influence necessary asps of the project.

The 2021 annual reporting and financial tasks will be managed to ensure delivery and
submission in the EC grant management tool by the agreed deadline. Distribution of any
payments will be made in accordance with each beneficiary claim, respecting agreed overall
budget limits.

Quarterly progress reporting will be compiled and issued, including the status of spend,
milestone and deliverable achievement, KPIs, TRLs and risks etc. A formal Annual Review
and Interim Progress Review will be held with the CSJU. Any inputs required to Clean Sky 2
programme level documents such as the Development Plan and Work Plan will be
coordinated and submitted on behalf of the consortium.
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Results from dissemination and communication strategies as defined in 2020 will be
assessed and if necessary updated in order to maximize the project impact. Beneficiary
inputs to the consortium Dissemination, Communication and Exploitation plans and
registers will be maintained to ensure compliance with GAM requirements.

Major Milestones planned for 2021

Demonstrators/Techno Streams
(as shown in CS2DP)

ET1.1 - DO1 -Wind Tunnel Model

Major Milestones 2021

Completion of WTT’s “-WP1

ET1.2 - DO2 - Tie Down TiltRotor (TDT) Demo

TD major components build — WP1

ET1.5 - DO5 - Wing Assembly

Structural tests of the Wing — WP1

ET2.1 - RACER Flight Demonstrator Integration

First Flight Test Report — WP2

Eco Design Concept Implementation

FRC green technologies assessment— WP3

Technology Evaluator Methodology

Definition of tools and metrics for
technologies contribution assessment -
WP4

N/A

Annual review of 2021 progress

Major Deliverables planned for 2021

Demonstrators/Techno Streams

(as shown in CS2DP)

Major Deliverables 2021

D01 —Wind Tunnel Model

Structural test articles — WP1

ET1.5 - DO5 - Wing Assembly

Wing assembly— WP1

ET1.2 - DO2 - Tie Down TiltRotor (TDT) Demo

Ground and flight test matrix — WP1

ET2.1 - RACER Flight Demonstrator | Final Assembly Report — WP2
Integration
ET2.1 - RACER Flight Demonstrator | First Flight Test Report—WP2
Integration

Eco Design Concept Implementation

Life-Cycle Assessment of

technologies — WP3

FRC green

Technology Evaluator Methodology

Data Pack for technologies contribution to
CS2 objectives — WP4

N/A Annual Report 2021- WP5

N/A Dissemination, communication and
exploitation Report — WP5
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ITD Airframe

Due to the large scope of technologies and demonstrators undertaken by the Airframe ITD,
addressing the full range of aircraft types, the ITD is structured around 3 major Activity Lines
split into Technology Streams (TS) or Work Packages (WP):

Activity Line A: High Performance & Energy Efficiency (HPE);
Activity Line B: High Versatility and Cost Efficiency (HVC);
Activity Line C: Eco-Design (ECO).

An Activity Line dedicated to “Management & Interface” completes the high-level WBS.

The high-level HPE objectives for the period 2020-2021 are:

On TS A-1 (Innovative Aircraft Architecture), study of novel concepts of engine
integration on rear fuselage such as BLI will be continued, novel aircraft architectures
downselected in the previous GAM will be further assessed, and UHBR concept will
be matured to higher TRL in collaboration with LPA.

On TS A-2 (Advanced Laminarity), investigations on concepts and technologies for
NLF and HLFC will be continued for nacelles and wings.

On TS A-3 (High Speed Airframe), activities will be focused on the manufacturing (or
preparation of manufacturing) of airframe demonstrators for large A/C i.e.
composite flaperon and innovative cargo door, and for BJ i.e. composite wing root
box, composite stiffened wing lower panel, and optimized cockpit structure with
load-bearing windshields.

On TS A-4 (Novel Control), NACOR, GAINS and MANTA projects will concentrate
respectively on design of control for load and flutter control, integration of WIPS on
innovative control surfaces and study of innovative movables.

On TS A-5 (Novel Travel Experience), maturation of technologies and concepts for
the large A/C ergonomic flexible cabin will continue. Development of the BJ cabin
arrangement will be carried out (CASTLE project), and the demonstration on a scale 1
mock-up will be performed.

The high-level HVC objectives for the period 2020-2021 are:

On TS B-1 (Next Generation Optimized Wing Boxes), to manufacture the new wing
concepts and perform the required structural tests for TRL5.

On TS B-2 (Optimized High Lift Configurations), to manufacture the OoA Composite
Wing and perform the required structural tests for TRL5.

On TS B-3 Advanced Integrated Structures objectives, to achieve TRL5 of all the more
electrical wing technologies and new cockpit concepts.

On TS B-4 Advanced Fuselage objectives, to manufacture and perform structural
tests up to TRL5 of the innovative concepts for Composite Center and rear Fuselages
demonstrators and as well as Cabin interiors demonstrators.

The high-level ECO objectives for the period 2020-2021 are:

On WP C-1 (Eco-Design Management and ECO TA Link), to continue to ensure the link
between the AIRFRAME ITD and the transversal activity (ECO TA) by supporting the
Coordination Committee Meeting (CCM) Delegate, to continue performing
VEES/EDAS mapping, to set up LCl data collection teams, to write the synthesis
reports and to perform the management of the outputs to ECO TA.
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- On WP C-2 (Eco-Design for Airframe), to apply the most interesting technologies
developed between 2018 and 2020 to demonstrators (to reach TRL 5-6 at the end of
the demonstration phase in 2023), and to provide necessary inputs to ECO TA to
perform Eco-Statements on A/C parts i.e. demonstrators and associated reference
parts.

- On WP C-3 (New Materials and Manufacturing), to make available to the aerospace
industry and its supply chain a set of new technologies increasing the manufacturing
efficiency and reducing the environmental footprint of the aircraft production
including new testing and verification methods and providing necessary inputs to
ECO TA to perform Eco-Statements on new efficient manufacturing and testing.

Description of main activities for the year 2020

M — Management & Interface

General Management activities of the ITD will be performed by the 3 Co-Leaders, in addition
to the Coordination of the ITD by the ITD coordinator of the period. In addition, leaders
coordination support for interfaces with other IADPs (such as REG, LPA, FRC) and other ITDs
(such as SYS).

A - High Performance and Energy Efficiency

Technology Stream A-1: Innovative Aircraft Architecture:

With respect to BLI configurations, following the performance assessment at OAD level
performed in 2019 for Small Medium Range Airliner and Low Sweep BJ, the activities will
focus the selected “common inlet” configuration with higher fidelity tools to reduce
uncertainties. All activities will feed the decision to ramp-up or not on BLI (incl. potential
FTD) in 2022-2023.

Concerning scarfed nozzle, after the preliminary assessment of the noise benefits at aircraft
level performed in 2018 and 2019, detailed investigation of installation effects using CAA
will have been started in S2 2019, and the final assessment of the scarfed nozzle concept
will be issued in S1 2020.

After the elaboration in 2019 of Direct Operating Costs and Maintenance Costs synthesis for
UHBR and CROR configurations, activities will continue to study specific topics such as
design/manufacturing and testing of innovative shielding and protections for uncontained
engine rotor failure impact.

With respect to Novel High Performance Configuration, following the performance
assessment and ranking of configurations for Small Medium Range Airliner and Low-Sweep
BJ, the assessment of the down-selected configurations will be continued to confirm the
performance benefits with higher fidelity tools. Activities for CfP10 topic “Low speed
handling quality and innovative engine integration of a new configuration aircraft” will start
in Q2 2020 (WTT of the down-selected new BJ configuration).

Concerning the “Virtual Modelling for Certification”, activities will continue as follows:
— Fan and jet noise radiated by the engines on the aircraft structure will be calculated
using high-fidelity tools such as Variational Multiscale Method;
— CfP10 project will be started in Q2 2020 on Rapid dynamic / crash modelling for
safety;
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— The modelling approach selected in the previous GAM to demonstrate no sparking
inside composite will be developed and validated;
— Prediction of aerodynamic loads at high Reynolds: activities will be continued within
the CfPO6 PRODIGE: Model Buy-off is planned in January 2020, first test campaign in
July 2020, and the second in October 2020;
— Cabin thermal modelling with a human thermal model: after the thermal tests
performed in 2019, activities will be synthesized wrt to DAV potential applications.
Involvement of EASA is to be organized for each task (not in the same way for all of the
tasks).

Technology Stream A-2: Advanced Laminarity:

With respect to laminar nacelle activities, design and validation of a structural concept of BJ
laminar nacelle will be continued, with a particular focus on HLFC technologies; partial
demonstrations will be carried out e.g. laminar access door. Exploitation of the WTT carried
out in 2019 on a BJ mock-up incorporating NLF nacelle and HTP (CfPO7 BinCola) will be
carried out.

Although BLADE F/T activities will be ended in 2019, test data analysis might be continued in
2020-2021, in conjunction with additional developments to further mature NLF concepts. In
particular, these additional developments will include an analysis on surface default effects
and unsteady transition location measurement through a WTT to be carried out in transonic
conditions on a 2D laminar airfoil.

After the activities performed in 2018 and 2019 such as ONERA F2 WTT to assess the
combination of an ACD (Anti-Contamination Device) and a suction device on the attachment
line for a BJ configuration, the activities related to “Extended Laminarity” will be continued
to develop innovative HLFC concepts such as chamberless design concept (ground
demonstrator: HLFC leading edge segment for W/T validation) and combination of an ACD
and a suction device.

Technology Stream A-3: High Speed Airframe

With respect to “Multidisciplinary wing for high and low speed”, the detailed design of the
composite flaperon demonstrator, and of one specific part of the composite Wing Root Box
(WRB) demonstrator carried out in 2019 will be followed by the associated manufacturing
activities including tooling.

The activities related to “Tailored Front Fuselage” will be pursued towards the selection of
one attachment concept for the optimized BJ cockpit structure with load-bearing
windshields (PDR expected in the second half of 2020). The selection will be based upon test
results obtained on samples representing the 5 attachment concepts proposed mid-2019.
With respect to “Innovative shapes & structure”, following the CDR of the Cargo Door
demonstrator carried out in 2019, manufacturing activities will be performed in
coordination with LPA PF2 for the multifunctional fuselage demonstrator.

Technology Stream A-4: Novel Control

With respect to “Smart Mobile Control Surfaces”, the development of the mixed thermal ice
protection including mechanical integration, related simulation tools and the electrical
architecture will continue. Investigation on the ultra-low power IPS using piezo electric
technology will be pursued. After the EWIPS BJ slat CDR held mid-2019, IWTT will be
conducted in Q4 2020. In addition, with respect to innovative movable concepts i.e.
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Adaptive Outer wing & Winglet, Multifunctional Flaps & Adaptive TE, Morphing Air Inlet,
and Morphing Spoiler, activities will continue on A/C performance and handling qualities
assessment; definition of selection criteria and selection of promising concepts for
demonstration will also be performed.

Activities on “Active load control” will consist in modelling for flutter control, and for gust
load alleviation; for the latter subject, studies will be undertaken to include the LIDAR in the
control system, and prepare WTT in a selected ONERA transonic facility (CfPO8 topic
launched to manufacture model parts composed of an innovative gust generator and a wall-
mounted half-wing model).

Technology Stream A-5: Novel Travel Experience

With respect to “Ergonomic Flexible Cabin”, Crew Operations / Smart Galley technical scope
will be extended i.e. not only focus galley, but to develop solutions of crew workload
reduction inside the whole cabin. With regards to Cabin Rest Area, detailed design and start
of prototype construction will be performed. Additionally, with respect to in-seat
ventilation, activities will continue with concept evaluation.

The activities related to “Office Centred Cabin” for BJ will continue after the scale 1 mock-up
CDR held in 2019 i.e. manufacturing of the different components of this cabin mock-up; the
delivery of the mock-up for testing is expected one year after the CDR; definition of the test
matrix to be used to evaluate the new concept in term of comfort and well-being will be
carried out. Additional activities will focus new concept for dining table in passenger cabin.

B - High Versatility Cost Efficient

Technology Stream B-1: Next generation optimized wing

With respect to “Wing for lift & incremental mission shaft integration”, CDR actions were
closed, manufacturing and delivery of the Wing component to Fast Rotor Craft IADP to start
the structural tests.

Under “Optimised composite structures”, after the wing design, material down-selection
were done and the final selected technology development is being performed, the focus will
be on the innovative tool design and manufacture for both the integral three spar and skin
structure as well as the bonding assembly tooling.

Development of optical fibers SHM system for bonding line integrity will continue in 2020
with a bending test of an intermediate 1.2 meters composite wing box demonstrator. This
activity is also as risk mitigation for potential bonding issues on final 7.2 meters
demonstrator.

In the context of “More efficient Wing technologies”, morphing winglets support for Winglet
Morphing installation on FTB#2 and Check Stress support for Permit to Fly for FTB#2 in
Regional will be provided.

Activities under “Flow & shape control” will be focused on developing the affordable Load
Control System in status CDR for Step2 configuration for FTB#2. For the Morphing Leading
Edge, a MLE section will be manufactured.

Technology Stream B-2: Optimized high lift configurations

With respect “High wing / large Turboprop nacelle configuration”, the activities will mainly
be focused on the Wind Tunnel Test in Icing conditions for I3PS project of the solution
defined by PIPS project. Then, BISANCE project will be also performed for the definition of
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the solution for a thermal management in a powerplant including ice protection in
powerplant using capillary pumping ending with wind tunnel including icing conditions.
Under “High Lift Wing”, after the completion of the characterization of the OoA composite
materials, it will be launched the detailed design of the composite outer wing box to
support the CDR milestone for FTB#2 step2; manufacturing and assembly of the Full Scale
wing component will be initiated. In addition, the manufactured Aluminium Rib in Hot
Stamping technology will be integrated in the Full Scale specimen. In High-Lift devices for
SAT, once concept/platform is down selected, design and manufacturing of the Wing Tunnel
model is to be done supported by CFD analysis for system integration.

Technology Stream B-3: Advanced integrated structures

With respect to “Advanced integrated empennages for regional aircraft”, the activities to be
developed during 2020, will be focused on: the development of Numerical model for bird
strike simulation on thermoset and thermoplastic Leading Edge; the Sizing of simplified co-
cured boxes for the horizontal and vertical stabilizer demonstrators as well as of mobile
surfaces; and the Manufacturing of simplified thermoset small scale for LE with de-icing as
well as manufacturing of full small scale for LE using thermoset material, manufacturing of
simplified thermoplastic small scale for LE, manufacturing of structural sub components for
multi-rib box, manufacturing of simplified small scale co-cured multi-rib box, manufacturing
of structural sub components for multi-spar box and manufacturing of simplified small scale
multi-spar box.

Under “All electrical wing”, activities will be focussed in closing the PDR Step 2 for different
topics to be integrated (HVDC and EMA’s). For SATCOM support will be required for the
installation on the FTB#2 in REG IADP and preparation of the Flight Test Campaign. CNT Ice
Protection system activities will be focused on the finalization of the concept and the
integration in the MLE section demonstrator. Regarding EMA actuation CDR will be closed
and the EMA actuation will be assembled to the MLE demonstrator.

With respect to “Advanced integrated cockpit”, activities on innovative materials for
regional cockpit impact resistant structure elements will be focused on the tooling design
for the manufacture of full-scale top nose panels for bird strike testing on the Structural
Cockpit of Regional FTB#2; while those on innovative noise attenuation solutions will be
focused on the development of the manufacturing process for the production of advanced
cabin floor and thermoacoustic protections for acoustic testing on FTB#2 cockpit
demonstrator. Laboratorial acoustic testing of detailed design materials, impact testing of
final design of high every impact materials and lightning strike on repaired panels
(laboratorial testing) will be performed as well. The activities planned for Structural Health
Monitoring (SHM), concerns the implementation of the SHM system on the cockpit
demonstrator and the associated Verification & Validation activities of the SHM system,
towards the completion of the CDR. For LPA cockpit structural elements, the activities will
be oriented on four axes: multifunctional composite, functional coating, automatized
inspection technologies from manufacturing to in service, repair process for structural
composite components, and virtual design development reducing recurring cost and leading
of new airframe development.

Under “More affordable small A/C manufacturing”, computational activities related to
design approval of reference and innovative specimens of hybrid joints will be closely tied to
CfP#10-topic. In addition, jig-less assembly prototype of Aileron demonstrator after CDR will
be installed on the wing. Nevertheless jig-less assembly technology will provide extra run of
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fatigue tests of riveted joints (2020-2021). Within SAT-AM project it is planned
manufacturing of the last parts and realizing some of the static and ground tests together
with finalization of Permit to Fly process. Also evaluation of overall effects of various
technologies on the manufacturing process and the product quality is scheduled.

With respect to “Assembly of Fast Rotorcraft airframe’, technical support will start for the
assembly at equipment level and Helicopter level. Also support for the preparation of the
first flight milestone and all the required activities for securing the first flight will be
provided. Regarding Rotorless Tail, the activities to be developed during 2020 will be
focused on Final reception of single parts metallic parts and of trimming system
components...

Technology Stream B-4: Advanced fuselage

With respect to Rotorless Tail of the LifeRCraft (WP B-4.1), the activities to be developed
during 2020 will be focused on the reception of single parts manufactured, assembly
tooling. The completion of assembly of the Rotorless tail (flyable parts and test articles) will
be done and the corresponding testing phase and preparation of the Permit to Fly.

Under “Pressurized Fuselage for Fast Rotorcraft”, the main activities will be the closure of
the PDR actions for the new “V” tail concept for NGCTR-TD, Nacelle, Rear Fuselage and
Cockpit and Cabin. The design, qualification and supporting activities at detail level will be
progressed to pass a CDR and drawing release for the relevant structural components of the
NGCTR-TD: nacelle primary structure, mid-wing fairings, donor fuselage modifications such
as cockpit for active inceptor sidestick controls and ejection seat in a single pilot
configuration; cabin for strengthening modifications and systems provisions, rear fuselage
adaptation to mount the new tail.

For “More affordable composite fuselage” activities will consist in the completion of
numerical/experimental data correlation of Level 2 fuselage elements and Level 3 fuselage
sub-components tested in the previous year. Acceptance of automatic assembling system
developed in CfP LABOR project and of automatic NDI system developed in CfP ACCURATE
project will be completed through the manufacturing of dedicated trials. Manufacturing,
pre-assembling, non-destructive inspections of fuselage structural components by using the
automatic systems developed in AIR ITD CfP Projects will be performed in synergy with
activities to be carried out in REG IADP — WP 3.2.

In addition, Manufacturing, mechanical and SHM testing of the 5 structural items (window
frame, flat and curved stiffened panels, floor beam, fittings and aft. pressure bulkhead joint)
including repair complemented with extensive modelling related to design, optimization and
virtual testing will be performed. Development of maintenance strategy for smart fuselage
will start. Finally, for Design-Against-Distortion, material characterizations for Fused
Filament Fabrication and ThermoMELT will be carried out.

With respect to “Affordable low weight human centred cabin”, major cabin items
installation drawings will be defined in accordance with the final interfaces versus the
structural and system parts; technical assessment of the innovative interiors solutions will
be performed in consideration of the CDR outputs, with subsequent determination of
validation approach for comfort key drivers and wellbeing parameters at cabin level. From
the manufacturing point of view, the processes for the production of the major cabin items
will be set up. The design of fuselage interiors and systems items installations will be also
carried out in synergy with activities to be carried out in REG IADP — WP 3.2.
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The activities referred to the Regional Aircraft Breakthrough Interior Solutions relevant to
the innovative configuration platform (EIS 2035+) will be concluded with the final
verification assessment of the cabin interiors concepts developed.

For the Novel Air Distribution Approaches innovative design and manufacturing approaches
will be investigated by the CfP NADIA. A CDR will be conducted for the components to be
manufactured.

In addition, for the Comfort in Cabin Demonstrator topic the CfP ComfDemo will assess the
status of cabin comfort, target groups to be investigated and develop an initial comfort
model.

C — Eco-Design

Work Package C-1: Eco-Design Management and ECO TA Link

The connection of the overall AIRFRAME ITD to the ecoDESIGN Coordination Committee will
be realized. Regular participation in the ecoTA CCM and participation in the reviews is
foreseen by the members. The WP management activities are related to supporting
VEES/EDAS mapping, simplified LCl data delivery descriptions and setting up of LCI data
collection teams. Additional work planned is writing synthesis reports and outputs to ECO
TA and strengthen the common dissemination activities like MPR Workshop, LCA
Workshops, Conferences and public events.

Work Package C-2: Eco-Design for Airframe

With respect to “Technology Development”, after finalisation of the trade-off studies in
2017, the most promising and relevant technologies have been selected to be further
developed between 2018 and 2020. In parallel, LCA data collection have been started for
technologies, and this activity will continue; resulting data will be stored in the CS-AED
database created in Clean Sky / EDA.

On the basis of this database, Eco-statements will be performed under the “Life Cycle
Assessment” task (in collaboration with ECO TA) for the Eco-Design demonstrators and their
reference parts.

Finally under the “Demonstration” task, activities on demonstrators from FhG will be
continued i.e. Composite Aircraft Wheel and Hybrid Seating Structure, and activities on the
other Eco-Design demonstrators will be initiated on the basis of technologies to be matured
until the end of 2020.

In addition, activities will take place to manage activities in CfP on development of
equipment for composite recycling process of uncured material.

Work Package C-3: New materials and manufacturing

With respect to Future leakage identification system, standardization of testability for fluids
system with conclusion obtain with demonstrator during 2019 will be performed. First
activity will be study of requirement of the testability and accessibility in fluid systems, then
optimization and viability study of the requirement of the previous deliverable and finally
definition of models applicable for aircraft design.

With respect to Integration of testing systems on DMU, final demonstrator with
automatization of GTI and warning of change from GTR oriented to requirement with
traceability integration in test system will be validated.
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Under Automated testing technologies, final demonstrator for the rest of solution
developed during 2019 as Cloud Computing and technologies (artificial vision, robotics) for

aided interaction with cockpit will be validated.

With respect to HMI in productive environments, new HW for HMI Test System based on
solution defined on 2019 and make final validation will be developed.

Under Connected Factory, final demonstrator of centralization and exploitation of data from
HMI including state and localization defined on 2019 will be developed and validated.

In parallel, LCA data collection has been started for technologies, and this activity will finish
in 2020. Resulting data will be stored in the CS-AED database created in Clean Sky / EDA.

Major Milestones planned for 2020:

Demonstrators/Techno Streams

Major Milestones 2020

(as shown in CS2DP)
Technology Stream A-1 Innovative Aircraft
Architecture / Demonstrator D3-5 “Virtual
modelling for certification”

WTT performed for

prediction of

aerodynamic loads at high Reynolds (CfPO6
PRODIGE project)

Technology Stream A-2 Advanced Laminarity /
D3-9 “NLF Leading Edge GBD”

WTT in transonic conditions performed on
2D laminar airfoil

Technology Stream A-3 High Speed Airframe /
Demonstrator D2-1 “Composite Wing Root
Box”

Composite Wing Root Box spars delivered
for testing

Technology Stream A-4 Novel Control /
Demonstrator D3-13 “EWIPS integration on a
BJ slat”

IWTT performed at CIRA Facilities (GAINS
CP Project)

Technology Stream A-5 Novel Travel
Experience / Demonstrator D2-12 “Full scale
mock-up of the BJ office centred cabin”

Full scale mock-up of the BJ office centred
cabin delivered for testing

Technology Stream B-1 Next generation
optimized wing / Demonstrator D1-3 “Wing
for RACER Rotorcraft”

RACER’s Wing delivery to FRC

Technology Stream B-1 Next generation | SAT  Wing box integral tooling
optimized wing / Demonstrator D2-15 | manufactured

“Composite Wing for SAT”

Technology Stream B-1 Next generation | Morphing Leading Edge Section
optimized wing / Demonstrator D2-18 | manufactured

“Morphing Leading Edge”

Ice Protection System manufactured and
integrated in the Morphing Leading Edge
Section

EMA System assembled and integrated in
the Morphing Leading Edge Section

Technology Stream B-2 Optimized high lift
configurations / Demonstrator D2-16 “Loop
Heat Pipe Anti Ice Nacelle”

Tprop nacelle Ice WTT completion

Technology Stream B-2 Optimized high lift
configurations / Demonstrator D1-6

OoA Composite Wing Box CDR closure
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Demonstrators/Techno Streams
(as shown in CS2DP)
“Advanced Composite External Wing Box”

Major Milestones 2020

Technology Stream B-2 Optimized high lift
configurations / Demonstrator D2-17 “High
Lift Device for SAT”

High Lift for SAT WTT model CDR closure

Technology Stream B-3 Advanced Integrated
Structures / Demonstrator D1-8 “All Electrical
Wing: HVDC, SATCOM, Spoiler & Aileron
driven by EMAs Ice Protection”

PDR Step 2 for HVDC, EMA’s

Technology Stream B-3 Advanced Integrated
Structures / Demonstrator D1-9 “Highly
Integrated Cockpit”

Bird Strike, Acoustic and LS Testing for new
materials

Technology Stream B-3 Advanced Integrated
Structures / Demonstrator D3-24 “Cabin parts
for SAT structure”

Ground tests of selected SAT-AM elements

Technology Stream B-4 Advanced Fuselage /
Demonstrator D1-12 “Rotorless Tail”

Delivery of 1 Flyable Rotorless tail and 1
Ground Test Rotorless tail

Technology Stream B-4 Advanced Fuselage /
Demonstrator D 1-13, D1-14, D1-15

CDR for Rear Fuselage + V-Tail for Tilt Rotor

Technology Stream B-4 Advanced Fuselage /
Demonstrator D1-16 “Major Components for
REG fuselage”

Application of the virtual test platform to a
full scale regional aircraft fuselage

Technology Stream B-4 Advanced Fuselage /
Demonstrator D3-26 “Major components for
REG human centred cabin”

Full Scale Major Cabin ltems
Manufacturing Processes determination

WP C-2 Eco-Design for Airframe / WP C-2.1
“Technology Development”

Technology Development Phase completed

Major Deliverables planned for 2020:

Demonstrators/Techno Streams

(as shown in CS2DP)

Technology Stream A-1 Innovative Aircraft
Architecture / Demonstrator LPA-01-D12
“Flight test demonstration of active vibration
control technologies/noise prediction
methods for rear-mounted engines” and D3-2
“Optimised integration of rear fuselage”

Major Deliverables 2020

Final assessment of the scarfed nozzle
concept

Technology Stream A-1 Innovative Aircraft
Architecture / Demonstrator D3-5 “Virtual
modelling for certification”

Synthesis of activities for cabin thermal
modelling with a human thermal model

Technology Stream B-1 Next generation
optimized wing / Demonstrator D2-15
“Composite Wing for SAT”

SAT Technology trade-off and development
lessons learned

Technology Stream B-1 Next generation
optimized wing / Demonstrator D2-18

Report on the manufacturing of the
Morphing Leading Edge Section
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Demonstrators/Techno Streams Major Deliverables 2020

(as shown in CS2DP)

“Morphing Leading Edge” Report on the manufacturing and
installation of the IPS on the Morphing
Leading Edge Section

Technology Stream B-2 Optimized high lift | Tprop nacelle demonstrator for Ice WTT
configurations / Demonstrator D2-16 “Loop | results conclusions
Heat Pipe Anti Ice Nacelle”

Technology Stream B-2 Optimized high lift | OoA FTB#2 Full Scale Delivery
configurations / Demonstrator D1-6
“Advanced Composite External Wing Box”

Technology Stream B-2 Optimized high lift | High Lift for SAT WTT specimen
configurations / Demonstrator D2-17 “High
Lift Device for SAT”

Technology Stream B-3 Advanced Integrated | Test report on bird strike on full scale
Structures / Demonstrator D1-9 “Highly | demonstrator
Integrated Cockpit”

Technology Stream B-3 Advanced Integrated | Installation of selected SAT-AM elements
Structures / Demonstrator D3-24 “Cabin parts | on the traditional airplane
for SAT structure”

Technology Stream B-4 Advanced Fuselage / | Rotorless tail acceptance report
Demonstrator D1-12 “Rotorless Tail”

Technology Stream B-4 Advanced Fuselage / | NGCTR-TD CDR report
Demonstrator D 1-13, D1-14, D1-15

Technology Stream B-4 Advanced Fuselage / | Experimental tests on sub-components and
Demonstrator D1-16 ““Major Components for | test report
REG fuselage”

Technology Stream B-4 Advanced Fuselage / | Technical Note for description of cabin
Demonstrator D3-26 “Major components for | items manufacturing process
REG human centred cabin”

Description of main activities for the year 2021

M — Management & Interface
Same activity as for 2020.

A — High Performance and Energy Efficiency

Technology Stream A-1: Innovative Aircraft Architecture

With respect to “Optimal engine integration on rear fuselage”, BLI activities will be a
continuation of those carried out in 2020. Low fidelity up to simple CFD (Euler couple with
BL code) tools will be used. Synergies with LPA PF1 will be emphasized. Decision to ramp-up
or not on BLI (incl. potential FTD) in 2022-2023 will be addressed.

The activities related to “CROR and UHBR configuration” will be a continuation of those
carried out in 2020.
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Activities on “Novel High Performance Configuration” will be the continuation of 2020.
Activities for CfP10 topic “Low speed handling quality and innovative engine integration of a
new configuration aircraft” started in Q2 2020 (WTT of the down-selected new BJ
configuration) will continue.

With respect to “Virtual Modelling for Certification”, the activities will consist of developing
of the tools for various topics. Validation plans will be pursued, as well as interactions with
EASA.

Technology Stream A-2: Advanced Laminarity

With respect to “Laminar nacelle” and “NLF smart integrated wing”, activities are not yet
defined, as all the demonstration activities will be already ended in 2020. An aerodynamic
WTT in low speed velocity and high Reynolds number conditions for evaluation of a NLF
business jet wing may be performed in 2020 or 2021, requesting activities to prepare, follow
and exploit the tests.

The activities under “Extended Laminarity” task will be a continuation of those planned in
2020 on HLFC technologies i.e. TSSD (Tailored Skin Single Duct) and ACD (Anti-
Contamination Device) +Suction.

Technology Stream A-3: High Speed Airframe

With respect to “Multidisciplinary wing for high and low speed”, the manufacturing
activities (including tooling) of the composite flaperon demonstrator will continue after
those carried out in 2020. With regards to the spars of the composite Wing Root Box (WRB)
demonstrator, the 2020 follow-up activities to be carried out in 2021 will address the
compliance of demonstration actual results and demonstration objectives (i.e. weight and
cost reduction by 10%, as well as durability improvement compared to a metallic WRB).

The activities related to “Tailored Front Fuselage” will be pursued towards the
implementation of the down-selected attachment concept onto the optimized BJ cockpit
structure with load-bearing windshields demonstrator. CDR of this demonstrator is
expected in the second half of 2021.

With respect to “Innovative shapes & structure”, the manufacturing activities (including
tooling) associated to the cargo door demonstrator will continue in coordination with LPA
PF2 for the multifunctional fuselage demonstrator.

Technology Stream A-4: Novel Control

With respect to Icing Novel Systems, after the EWIPS BJ slat IWTT conducted in Q4 2020, the
exploitation of the tests will be undertaken. Activities will also continue on electronic power
controller for copper bird rig, and ultra-low power ice protection.

In addition, with respect to innovative and multi-functional movable concepts, activities will
continue with the selection of promising concepts for demonstration, and design of the
demonstrators will start.

Activities on “Active load control” will be a continuation of those carried out in 2020. In
particular, with regards to gust load alleviation, WTT in a selected ONERA transonic facility
will have been performed (end 2020, early 2021), and the test results will be exploited.

Technology Stream A-5: Novel Travel Experience
With respect to “Ergonomic Flexible Cabin”, no activities are planned for 2021.
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The 2021 activities related to “Office Centred Cabin” will be to carry out the testing on the
cabin scale 1 mock-up. The test matrix defined in 2020 to evaluate the new concept in term
of comfort and well-being will be used to evaluate the performance of the various concepts
implemented on the mock-up.

B — High Versatility Cost Efficient

Technology Stream B-1: Next generation optimized wing

With respect to “Wing for lift & incremental mission shaft integration”, installation activities
on RACER and support to Permit to Fly will be performed. The road map to the CDR
completion and the Permit to Fly have been established and will be implemented. Critical
actions and risks have been identified and mitigation plans will be implemented.

Under “Optimised composite structures”, the 7 meter composite integral wing box
manufacturing trials will be performed and the final 7 meter final integral demonstrator will
be manufactured.

Test campaign specifications will be issued in Q2 2021. Preparation for final demonstrator
testing will start in Q3 2021. Subsequently in Q4 the testing campaign of final composite
wing box full scale demonstrator will start.

With respect to “More efficient Wing technologies”, support activities during FTB#2 Step1
Flight Test Campaign will be performed.

Activities under “Flow & shape control” will be focused to be ready for CDR for Step2 for
FTB#2 configuration and preparation for the Permit to Fly for Step and Support to the Flight
Test Campaign. For Morphing LE detailed design activities will closed to start manufacturing
of a ground demonstrator.

Technology Stream B-2: Optimized high lift configurations

With respect to “High wing / large Turboprop nacelle configuration”, BISANCE activities will
end up with wind tunnel test including icing conditions.

Under “High Lift Wing”, manufacturing and assembly of the Full Scale wing component will
be finalized and the Static Test for flight clearance carried out. In parallel, manufacturing of
the flight components to be integrated in the FTB#2 wing configuration for Step 2 Flight Test
Campaign will be done. In “High-Lift for SAT”, Wing Tunnel is to be done.

Technology Stream B-3: Advanced integrated structures

With respect to “Advanced Integrated Empennages for Regional Aircraft”, the activities
defined in 2020 will be continued.

Under “All electrical wing”, EMAs, HVDC and SATCOM activities will be focussed on
supporting the flight test of FTB#2 Step 1 demonstrator and analysing flight test data. In
addition, activities will be oriented to close all the actions for the CDR at A/C level and
installation on FTB#2.

With respect to “Advanced integrated cockpit”, on the Structural Cockpit of Regional FTB#2
with PASSARQ’s enhanced impact solution , different tests and activities will be performed:
acoustic testing and bird strike testing campaign. In addition full repair of structural cockpit
of regional FTB#2 (after Lightning Strike and Bird Strike damages) will be completed.. In
addition, activities will continue on four axes: multifunctional composite, functional coating,
automatized inspection technologies from manufacturing to in service, repair process for
structural composite components, and virtual design development reducing recurring cost
and leading of new airframe development.
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Under “More affordable small A/C manufacturing”, design of reference and innovative
Composite Nose Part demonstrators will be approved for manufacturing (1** half of 2022)
and EMC tests (2™ half of 2022).. Jig-less technology will be closed by finalization of fatigue
tests of riveted joints and by evaluation of technology benefits. Activities of SAT-AM project
will be focused on ground tests of crucial elements and flight test (engine nacelle). Final
evaluation of manufacturing technologies will be performed together with release of
recommendations and conclusions for investigated technologies.

With respect to “Assembly of Fast Rotorcraft airframe’, support the full Flight test campaign,
Flight test measurements and it’s evaluation during flight test campaign will be performed.
No further activities are planned for Rotorless Tail.

Technology Stream B-4: Advanced fuselage

For the Rotorless Tail of the LifeRCraft, the activities will be focused on the support to
Ground test at complete demonstrator level as well as assessment of results at tail level,
support to Flight test campaign and Permit to Fly report. Assessment of results at tail level,
including required maintenance and repairs action plans will also be performed as well as
assessment of the Flight Test Results.

Under “Pressurized Fuselage for Fast Rotorcraft”, the activities will focus on the issue of
drawings in accordance with production plan, supporting stress analysis, support to
manufacturing, support to partners and suppliers (ejection seat), test definition, production
of test articles and long lead-time items. In addition, delivery of some fuselage structural
components will take place.

With respect to “More affordable composite fuselage”, SHM methodologies will be further
developed and integrated with Core Partner outcomes. Automatic systems for lay-up,
assembling and NDI developed in AIR ITD CfP projects will be used and updated according to
composite structural items to be manufactured, assembled and inspected in REG IADP — WP
3.2. In addition, manufacturing and testing of 5 structural items including SHM technologies
resulting in final validation of SHM technologies under operational load and environmental
conditions will be performed. Cost benefits analysis to assess the cost of manufacturing and
SHM technologies will also be performed.

With respect to “Affordable low weight human centred cabin” activities will consist in the
final definition of the human centered response model, determined also in accordance with
the virtual reality environment used for the evaluation of the key comfort and wellbeing
aspects; at the same time the full scale major cabin items will be manufactured and
evaluated their compliance for the integration on the R-IADP WP 3.2 Full Scale On-Ground
Pax Cabin Demonstrator. The manufacturing of electrical and pneumatic systems will be also
carried out in synergy with activities to be carried out in REG IADP — WP 3.2.

For the Novel Air Distribution Approaches, manufacturing and test of components will be
performed as set out in the CDR. This approach will ultimately provide the low pressure air
distribution system for the Cabin Demonstrator.

In addition, for the Comfort in Cabin Demonstrator topic the CfP ComfDemo develops a
vibro-acoustic actuation system based on found data to be installed in the Cabin
Demonstrator. In the project suite, this system will be used to perform subject tests
focussing thermal, acoustical and vibrational comfort investigations in the Demonstrator.
The human comfort model will be updated incorporating the newest results.
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C — Eco-Design

Work Package C-1: Eco-Design Management and ECO TA Link
Same activities as for 2020.

Work Package C-2: Eco-Design for Airframe

After the Technology Development phase to be ended in 2020, a further down-selection of
technologies will be undertaken, and these technologies will be implemented on the Eco-
Design Demonstrators.

In parallel, LCA activity will continue; resulting LCl data will be stored in the CS-AED database
created in Clean Sky / EDA. On the basis of this database, Eco-Statements will be performed
under the “Life Cycle Assessment” task (in collaboration with ECO TA) for the Eco-Design
demonstrators and their reference parts. To achieve that, Bill of Materials / Bill of Processes
will have to be collected for these demonstrators and reference parts.

In addition, activities will take place to manage activities in CfP on development of

equipment for composite recycling process of uncured material.

Work Package C-3: New materials and manufacturing.

No activities expected for 2021
Major Milestones planned for 2021:

Demonstrators/Techno Streams

(as shown in CS2DP)

Major Milestones 2021

Technology Stream A-1 Innovative Aircraft
Architecture / D3-2 “Optimised integration of
rear fuselage”

Decision to ramp-up or not on BLI (incl.

potential FTD) in 2022-2023

Technology Stream A-3 High Speed Airframe
/ Demonstrator D2-3 “Flaperon”

TRLS5 reached

Technology Stream A-3 High Speed Airframe
/ Demonstrator D2-4 “Optimized BJ cockpit
structure with load-bearing windshields”

Demonstrator CDR passed

Technology Stream A-3 High Speed Airframe
/ Demonstrator D1-1 “Metallic cargo door”

TRLS reached

Technology Stream B-1 Next generation
optimized wing / Demonstrator D1-3 “Wing
for RACER Rotorcraft”

RACER’s Wing tail First Flight

Technology Stream B-1 Next generation
optimized wing / Demonstrator D2-15
“Composite Wing for SAT”

SAT 7 meter integral composite wing box
manufacture

Technology Stream B-2 Optimized high lift
configurations / Demonstrator D1-6
“Advanced Composite External Wing Box”

Outer Wing Box Full Scale Static Test

completion

Technology Stream B-3 Advanced Integrated
Structures / Demonstrator D3-22 “Effective
joining methods of hybrid structures for SAT
structure”

Approval of manufacturing design of ref.
and innovative CNP demonstrators
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Demonstrators/Techno Streams

(as shown in CS2DP)

Major Milestones 2021

Technology Stream B-3 Advanced Integrated

Structures / Demonstrator D3-23 “Jigless
assembling for SAT structure

Evaluation of jig-less technology benefits

and WP closure

Technology Stream B-3 Advanced Integrated
Structures/Demonstrator D3-23

Flight test of engine nacelle

Technology Stream B-3 Advanced Integrated
Structures/Demonstrator D3-24

SAT-AM technology validation

Technology Stream B-4 Advanced Fuselage /
Demonstrator D1-12 “Rotorless Tail”

RACER'’s Rotorless tail First Flight

Technology Stream B-4 Advanced Fuselage /
Demonstrator D1-16 “Major Components for
REG fuselage”

Validation of SHM functionality for damage
detection at sub-component level

Technology Stream B-4 Advanced Fuselage /
Demonstrator D3-26 “Major components for
REG human centred cabin”

Supplying of the Full Scale Regional Major
Cabin Items

Major Deliverables planned for 2021:

Demonstrators/Techno Streams

(as shown in CS2DP)

Major Deliverables 2021

Technology Stream A-1 Innovative Aircraft

Architecture /  AIR-D3-2
integration of rear fuselage”

“Optimised

Synthesis Report of BLI
configuration level

exploration at

Technology Stream A-2 Advanced Laminarity

2021 Synthesis of HLFC Activities

Technology Stream A-3: High Speed Airframe
/ Demonstrator AIR-D1-1 “Metallic cargo
door”

Synthesis Report for TRL5 Gate Review

Technology Stream B-1 Next generation
optimized wing/Demonstrator D1-3 “Wing
for RACER Rotorcraft”

RACER’s Wing Permit to Fly report

Technology Stream B-2 Optimized high lift
configurations/Demonstrator D1-6
“Advanced Composite External Wing Box”

OoA Composite Wing Box delivery for FTB#2
Step 2 Flight Test Campaign

Technology Stream B-3 Advanced Integrated
Structures/Demonstrator D1-9 “Highly
Integrated Cockpit”

New materials test results analysis for LS,
Acoustic and BS Reports

Technology Stream B-3 Advanced Integrated
Structures/Demonstrator D3-24

Finalization of 3rd fatigue test phase (jig-less
technology)

Technology Stream B-3 Advanced Integrated
Structures/Demonstrator D3-22, 23, 24, 25

Analysis and final evaluation of SAT-AM
results

Technology Stream B-3 Advanced Integrated
Structures/Demonstrator D1-12 “Rotorless

RACER’s Rotorless Tail Permit to Fly report
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Demonstrators/Techno Streams

(as shown in CS2DP)

Major Deliverables 2021

Tail”
Technology Stream B-4 Advanced | SHM/NDI platform integration
Fuselage/Demonstrator D1-16 “Major

Components for REG fuselage”

Technology Stream B-4 Advanced Fuselage /
Demonstrator D3-26 “Major components for
REG human centred cabin”

Regional Interior Items for Full Scale test-
bed
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ITD Engines
Multi-annual overview and strategic planning

As defined in Clean Sky 1, the objective of the Sustainable and Green Engines (SAGE) was to
build and test five engine ground demonstrators covering all the civil market. The goals
aimed at validating to TRL 6 a 15% reduction in CO, compared to 2000 baseline, a 60%
reduction in NOy and a 6dB noise reduction. This is roughly 75% of the ACARE objectives.
Whereas some activities were delayed for the Open Rotor programme for example, the bulk
of SAGE objectives remained on track and the demonstrator projects delivered very valuable
results.

In Clean Sky 2, the ENGINES ITD will build on the success of SAGE to validate more radical

engine architectures to a position where their market acceptability is not determined by

technology readiness. The platforms or demonstrators of these engines architectures can be
summarized as below:

- Ultra-High Propulsive Efficiency (UHPE) Demonstrator addressing Short / Medium Range
aircraft market, 2014-2023: design, development and ground test of a propulsion system
demonstrator to validate the key enabling technologies on Low Pressure modules and
Systems and Nacelle modules;

- Business aviation/short-range regional Turboprop Demonstrator, 2014-2021: design,
development and ground testing of a new turboprop engine demonstrator in the 2000
thermal horse power range;

- Advanced Geared Engine Configuration, 2015-2023: design, development and ground
testing of new compression system rigs and an expansion system EMVAL Demonstrator
to validate key enablers to reduce CO2 emissions, noise and engine mass;

- Very High Bypass Ratio (VHBR) Middle of Market Turbofan technology (Enabler), 2014-
2023: development and demonstration of technologies to deliver validated power plant
systems matured for implementation in full engine systems;

- VHBR Large Turbofan Demonstrator, 2014-2023: design, development, ground and flight
test of an engine to demonstrate key technologies for large engines.

- The Small Aero-Engine Demonstration (2014-2019) projects related to Small Air
Transport (SAT) will focus on small fixed-wing aircraft in the general aviation domain and
their power-plant solutions, spanning from piston/diesel engines to small turboprop
engines.

- The More Advanced and Efficient Small TuRbOprop (MAESTRO) Demonstrator (2014-
2019) integrates in a virtual engine the next generation engine technologies for the
Small Air Transport turboprop market, up to up to 19 seats aircraft. The technologies are
validated up to TRL5 by means of full scale module rigs (e.g. compressor and combustor
technologies).

- Eco Design: Considering several demonstrator components (2018-2023) this Eco Design
work package has been outlined as a comprehensive work package concentrating on
relevant engine manufacturing technologies (Additive Manufacturing, Composite
Recycling, Advanced Manufacturing Processes). As a link to Eco Design TA the LCI data
on all technologies in scope will be provided for Eco Design Analysis.
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Description of main activities for the year 2020

WP2 — Ultra High Propulsive Efficiency (UHPE) Demonstrator for Short / Medium Range
aircraft (Safran Aircraft Engines):

During 2020, the risk mitigation plan for the key enabling technologies will come into force.
In particular, test results from the Integral Drive System (IDS) will be available and analysed.
It is also expected to gather early rig tests results of key Gas Turbine components under
investigation (advanced Fan, Booster, low weight casings and Turbine,). Complementary
Development and integration studies of these new technologies will be pushed forward to
prepare the path for module validation tests.

As far as the nacelle is concerned, it is expected to manufacture an Engine Air Inlet acoustic
demonstrator and to mature the associated technologies architecture, including novel anti-
icing compatible with the lip acoustic treatment. A Sliding Cascades Thrust Reverser module
will be developed and a Concept Design Review (CoDR) will be prepared.

WP3 — Business Aviation / Short Range Regional TP Demonstrator

In 2020, after design activities completion, the project has entered the test phase.

The main WP activities will be related to the finalization of IPPS TP Engine ground test demo
to achieve the TRL 5 objective. Maintenance aspects will be reviewed after nacelle
installation by engine maintenance specialists to evaluate the maintenance operations
accessibility. Internal report will be issued.

As well, partial ground demo tests of gas turbine components and modules will be
performed to demonstrate technologies performance and maturity, including upgraded
compressor rig test. To enable new key features introduction on TP, a more electric TP
demonstration is planned with manufacturing and test of a dedicated PAGB embedded
electrical motor to drive propeller for taxiing operations.

WP 4 — Adv. Geared Engine Configuration (compression/expansion system)

2020: Key objective is the 2-Spool-Compressor Rig’s detail design completion with its CDR in
Q3 2020. In parallel the majority of hardware procurement will be completed in 2020 as
well. For the expansion system key objective is the EMVAL Engine Demonstrator’s detail
design completion with its CDR in Q1 2020. The EMVAL Engine Demonstrator’s hardware
procurement will be completed in 2020 to support the test in 2021.

To mature the compression and expansion system technologies for demonstration, a
number of complementary test activities will be performed in the technology projects.
Those include machining and component test activities for the EMVAL Engine Demonstrator
as well as digital optimization activities for the 2-Spool-Compressor Rig.

WP5 — VHBR — Middle of Market Technology (Enabler)
2020: The rig test programme in WP5 will be progressing well with key rigs around the
turbines (HP and IP); and oil systems (from Core Partners) expected to be fully
commissioned and delivering results. Other activities to be performed in 2020 include:-
e Key underlying IP Turbine enabling technologies for UltraFan® being progressed —

o running of VT2 rig and analysing of results (multistage IPT with standard OGV)

o running of VT4-2 and VT4-2a rigs and analysing of results (OGV rigs with

advanced and standard OGV designs)
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o running of VT3-2 and analysing of results (redesign of VT3 front stages rig with
advanced NGV1 design)
o Performing full scale testing on new IPT ALM components
e PGB Integration
o 2 PGB ground tests (Pass-Off-Tests) are planned for 2020 — not CS2 funded.
o Activities continue to Integrate novel accessories and the power gearboxes.
e Further development of CFD models of Bearing Chamber, and completion of the AERIS
rig design and build
e Design and make of TRANSITION turbine aero rig parts started — (task is linked to other
external activities)
e Blisk Repair — MCRL 4 to be achieved in 2020 (MatCAP3) — not CS2 funded

WP6 — VHBR — Large Turbofan Demonstrator

The WP Leader efforts will be mainly focused on the management of collaborative partners
due to the limited remaining budget.

However, whilst not CS2 funded, the main focus of the UltraFan® Demonstrator programme
in 2020 will be around Tech Freeze in Q1 2020, followed by receiving Finished Parts to Store
(FPS) to support the build of the first Demonstrator engine (UF01). In parallel test schedule
definition, instrumentation and tooling for the build of the test vehicles will be completed.
Build of UltraFan® Demonstrator engine No.1 (UF01) will commence in Q4 2020.

In addition, there will be design and integration work on Telemetry units and their complex
interface with the PGB — this is not CS2 funded.

WP7 — Light weight and efficient Jet-fuel reciprocating engine:
All activities concerning the WP7 have been concluded in 2019. Thus no activities are
planned in 2020.

WP8 - Reliable and more efficient operation of small turbine engines

In the year 2020, as part of the Loop#3 architectural studies will be conducted to maximize
MAESTRO exploitation, also looking at opportunities for hybridization. In parallel, the
exploitation of Loop#2 outcomes through the affordable manufacturing technologies will
continue with alternative cooling technologies for the additive combustor and the low cost
composite propeller blade manufacturing trials.

WP9 — ECO Design

In 2020 and 2021 WP9 will continue to be the hub activity for ecoDESIGN in Engines ITD.
Three sub-work packages have been set-up which will focus on Additive Manufacturing, Re-
use & Recycling of CFRP and Advanced Engine Manufacturing Processes. Additional CfP
Projects will support the activity. The CfP on additive manufacturing (WP9.1) has been
launched in CfP#9 and will deliver results as soon as beginning of 2020. A CfP on composite
recycling has been selected for wave 10. Based on relevant engine components process
analysis and development will be carried out. Data on Live Cycle Inventories will be provided
to ecoDESIGN Transversal Activity for Life Cycle Analysis and impact analysis according to
ecoDESIGN standards continuously for all WP9 sub-work packages WP9.1 (Additive
Manufacturing), WP9.2 (composite Recycling) and WP9.4 (Advanced Engine Manufacturing).
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Major Milestones planned for 2020

Demonstrators / Techno Streams
(as shown in CS2DP)
ENG 2 - UHPE

Major Milestones 2020

TRL#4 on Reduction Gear
Efficiency) (RGB) (WP2.7)

Box (of High

ENG 3 - Business aviation / short range
Regional TP Demonstrator

More electric PAGB (Power & Accessory Gear
Box  (more electric a/c) TP demonstration
ground test

ENG 4 - Adv. Geared Engine Configuration

2-Spool-Compressor Rig Detail Design Review

(HPC-LPT)

ENG 5 - VHBR — Middle of Market | Key underlying technologies required to deliver

Technology Multi-Stage IP turbine module maturity gate
achieved (WP5.2.3)

ENG 6 - VHBR - Large Turbofan | UltraFan® Tech Freeze (WP6)

Demonstrator UltraFan®

ENG 8 - Reliable and more efficient
operation of small turbine engines

Propeller blade manufacturing trials completed

Major Deliverables planned for 2020

Demonstrators / Techno Streams
(as shown in CS2DP)

ENG 2 - UHPE

Major Deliverables 2020

Minutes of TRL Review on RGB (WP2.7)

ENG 3 - Business aviation / short range
Regional TP Demonstrator

Minutes of TRL review of TP demo

ENG 4 - Adv. Geared Engine Configuration

Engine Demonstrator finished parts on store

(HPC-LPT)

ENG 5 - VHBR — Middle of Market | Key underlying technologies required to deliver

Technology Multi-Stage IP turbine module maturity review
summary (WP5.2.3)

ENG 6 - VHBR - Large Turbofan | UltraFan® Multi-Stage I[P Turbine FPS for

Demonstrator UltraFan®

ground test (WP6.1.1)

ENG 8 - Reliable and more efficient
operation of small turbine engines

Down selection of most promising application
hybrid-electric Maestro engine variant

Description of main activities for the year 2021

WP2 — Ultra High Propulsive Efficiency (UHPE) Demonstrator for Short / Medium Range

aircraft

During the year 2021, major achievements of new technologies development and
integration are expected. In particular, the rig test results on both the turbine and the
transmission systems should be available to support the choice of the engine architecture,
which will be selected for the Ground Test Demonstrator. The technologies on the Low
Pressure spool, including the transmission system, the fan, the booster and the turbine, are
expected to deliver TRL4 by the end of 2021. In parallel, based on the engine architecture in
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competition, the dedicated impacts on the nacelle will be analysed and assessed. The
Engine Air Inlet architecture will be further matured, in particular regarding the anti-icing
system, and the Sliding Cascades Thrust Reverser architecture will reach a Preliminary
Design Review (PDR).

WP3 — Business Aviation / Short Range Regional TP Demonstrator

In 2021, the WP Leader efforts will be mainly focused on remaining technical reports after
tests campaign and on the management of collaborative partners due to the limited
remaining budget and providing updates on the overall TechTP.

TBO will be assessed included new devices as Smart/hybrid bearing.

As dissemination purpose, a workshop should be organized with SAT members to confirm at
A/C level, the benefit given by the IPPS as well as the easy maintenance concept.

WP4 — Adv. Geared Engine Configuration (compression/expansion system)

In 2021, all WP4 activities revolve around the final rig test and the EMVAL Engine
Demonstrator ground test. Key objective for the compression system is the test of the 2-
Spool-Compressor Rig. Key objective for the expansion system is the test of the EMVAL
Demonstrator engine. Test result evaluation activities are started following the test
completions in 2021 and to be completed in 2022.

Complementary brush seal component test activities will be performed in a technology
project.

WP5 — VHBR — Middle of Market Technology (Enabler)

2021: The WP Leader efforts will be mainly focused on the management of collaborative

partners due to the limited remaining budget and providing updates on the overall

UltraFan® programme. However, activities to be performed in 2021 are:

e |P Turbine Test Readiness Review (TRR) for engine demo completed

e Delivery of IP Turbine test reports and supporting TRL 6 evidences for the UltraFan® key
technologies will be initiated

e PGB Integration - 1 PGB ground test (Pass-Off-Test) is planned for 2021. Learning from
this test and the 2 tests from 2020 will inform the flight test standard of PGB — not CS2
funded

e The AERIS test campaign completed

e  Start of TRANSITION Turbine aero rig test programme

WP6 — VHBR — Large Turbofan Demonstrator

2021: The WP Leader efforts will be mainly focused on the management of collaborative
partners due to the limited remaining budget and providing updates on the overall
UltraFan® programme. However, the main focus of the UltraFan® demonstrator
programme in 2021 will be around completion of first engine build and commencement of
the ground test campaign with some of the following key testing being carried out;
commissioning of the first ever UltraFan® with an Advanced LP System; geared architecture;
gas generator based on Advance3 core and Lean Burn Combustion system, along with
performance; noise and X-Ray testing. Second ground test engine build to complete in
2021.
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WP7 — Light weight and efficient Jet-fuel reciprocating engine
All activities concerning the WP7 will be concluded in 2019. In particular all the CfPs will be
terminated in 2019. As a consequence, there are no activities planned in 2020 and beyond.

WP8 - Reliable and more efficient operation of small turbine engines

In the year 2021, the project will complete the concept design of the identified Loop#3
engine variant including update of engine performance, emissions and propeller noise. The
outcomes from all the project work packages will be integrated at the engine and aircraft
levels. Achievements will be assessed against the high level objectives, with the appropriate
exploitation plans created.

WP9 — ECO Design

In 2020 and 2021 WP9 will continue to be the hub activity for ecoDESIGN in Engines ITD.
Three sub-work packages have been set-up which will focus on Additive Manufacturing, Re-
use & Recycling of CFRP and Advanced Engine Manufacturing Processes. Additional CfP
Projects will support the activity. The CfP on additive manufacturing (WP9.1) has been
launched in CfP#9 and will deliver results as soon as beginning of 2020. A CfP on composite
recycling has been selected for wave 10. Based on relevant engine components process
analysis and development will be carried out. Data on Live Cycle Inventories will be provided
to ecoDESIGN Transversal Activity for Life Cycle Analysis and impact analysis according to
ecoDESIGN standards continuously for all WP9 sub-work packages WP9.1 (Additive
Manufacturing), WP9.2 (composite Recycling) and WP9.4 (Advanced Engine Manufacturing).

Major Milestones planned for 2021

Demonstrators / Techno Streams Major Milestones 2021

(as shown in CS2DP)
ENG 2 - UHPE Engine GTD down selection (WP2.1)

ENG 3 - Business aviation / short range | Final exploitation plan
Regional TP Demonstrator

ENG 4 - Adv. Geared Engine Configuration | Engine Demonstrator test completion
(HPC-LPT)

ENG 5 - VHBR - Middle of Market | Key underlying IP Turbine technologies for

Technology UltraFan® at TRL 6 (WP5.2.3)

ENG 6 - VHBR -— Llarge Turbofan | UltraFan® Multi-Stage I[P Turbine Test

Demonstrator UltraFan® Readiness Review (TRR) for engine demo
completed (WP6.1.1)

ENG 8 - Reliable and more efficient | Final exploitation plan

operation of small turbine engines

Major Deliverables planned for 2021

Demonstrators / Techno Streams Major Deliverables 2021

(as shown in CS2DP)
ENG 2 - UHPE Minutes of Engine GTD down selection
Review (WP2.1)

ENG 3 - Business aviation / short range | TechTP final evaluation report
Regional TP Demonstrator
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Demonstrators / Techno Streams

(as shown in CS2DP)

Major Deliverables 2021

ENG 4 - Adv. Geared Engine Configuration

2 Spool Compressor Rig test results

(HPC-LPT)

ENG 5 - VHBR - Middle of Market | Delivery of test reports for key enabling IP

Technology Turbine technologies supporting TRL 6
(WP5.2.3)

ENG 6 - VHBR — Large Turbofan | UltraFan® Intermediate Compressor Case

Demonstrator UltraFan®

FPS for flight test (WP6.1.2)

ENG 8 - Reliable and more efficient
operation of small turbine engines

MAESTRO final evaluation report
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ITD Systems

Systems play a central role in aircraft operation, flight optimisation, and air transport safety
at different levels as they enabling optimised trajectories, new aircraft configurations and
improved performance-weight-ratios. The 2020-2021 period will see the maturation of
many topics while some others will be ramped-up.

Systems ITD’s scope include virtually all major aircraft systems, ranging from cockpit and
avionics to landing gears. It includes as well environmental control systems, wing ice
protection and electrical power generation, distribution and conversion. Furthermore flight
control systems and actuation is addressed for small, regional and large aircraft alike. A joint
focus of all activities is set on the increasing electrification of the systems to enable the
future more-electric or full-electric aircraft. Additional work is done to create
environmentally friendly technologies in particular in the area of material and processes.
Many CfP Partners are integrated and support the activities. A very relevant number of Core
Partners joined the Systems ITD addressing even more technologies as for example an
aircraft systems simulation framework, power electronics, electrical brakes and cockpit
solutions specifically for small air transportation.

The majority of the planned technology developments will be extensively ground or flight
tested in order to reach a high level of technology readiness.

Description of main activities for the year 2020

WP1 Extended Cockpit

The main objective in 2020 is the integration and demonstration at TRL5 (Technology
Readiness Level) of the brand new generation of extended integrated cockpit, including the
validation, on a Virtual System Bench, of the concept of cockpit, detailed flight crew
interfaces, avionics functions, system architecture and performances.

Another major objective in 2020 is the integration and demonstration at TRL5, on a local
cockpit demonstrator, of advanced vision & awareness functions enhancing the pilots’
safety and the operational capability through greater integration and increased crew
awareness. The focus will be on heads-out information, eyes-out piloting with awareness,
guidance, Equivalent Visual Operations..., taking the complete cockpit work environment
into account.

In 2020, depending on the progress made in the underlying technologies, most of the
components of the extended, integrated cockpit will reach a maturity level of TRL4 to TRL5
in the domains of large tactile displays, new interaction means, advanced flight
management, enhanced vision, advanced Communication, Navigation and Surveillance
functions, and innovative system management. The following solutions will be further
matured in 2020: new generation of head-up displays based on high brightness & compact
micro displays, vocal dialog in natural language with virtual assistant, crew monitoring
system, disruptive flight management solutions (extended strategic navigation functions
using e.g. Artificial Intelligence technologies), modular surveillance system with active
trajectory check based on active obstruction detection sensor, autonomous and integrated
sense & avoid system, 94 GHz (W-band) radar components, affordable electro-optical
sensor unit for vision & awareness, disruptive technologies for 3rd generation of inertial
measurement unit, integrated modular communications.
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In addition, it should be noted that some of the WP1 technologies will be integrated and
demonstrated in the IADP “Large Passenger Aircraft”: for instance the enhanced vision and
awareness functions (in the “Active Regional Cockpit”), but also the Cockpit Display System
and the Flight Management System (in the “Disruptive Cockpit” of the Large Passenger
aircraft).

Furthermore, some of the WP1 functions will be flight tested in the IADP “Large Passenger
Aircraft”. For example, the performance and functionality of the distributed Integrated
Modular Communications will be further demonstrated at TRL 6 on an Airbus aircraft with
VHF remote radios during flight tests under representative real-life conditions.

WP2 Cabin & Cargo Systems

Based on the optimized Cabin & Cargo system and communication architecture,
development of cabin applications will be performed. The development of all WP2
technology bricks will be continued from 2019 (connected seat, connected trolley & galley,
seat power converter, new waste-water-system reusing grey water, halon-free fire
suppression system interfacing with an On-board Inert Gas Generation System).

For the connected seat, the detection systems identified in 2019 will be developed, tested
and tuned in order to achieve, for each of them, a TRL 4/5. Also the study of the electronics
card for the wireless sensor module box will be finished by mid-2020 and its validation
phase will start together with its mechanical and electrical integration into the power box.
For the seat power converter and power management, the demonstrators’ development
will be continued throughout 2020.

For the connected trolleys & galleys, the prototypes for the galley content detection will be
generated. For the modular cabin power converter the power and data management will be
implemented and the integration and test will be performed. For the Personal Electronic
Device interfaces, the security mechanisms and the applications will be implemented.

For the development of the Halon-Free fire Suppression System, the main task will be the
physical integration of the On-board Inert Gas Generation System at the fire suppression
test facility and its commissioning.

For the waste-water-system which reuses grey water the design of required components
will be in the focus of the activities.

In parallel, the standardisation activities will be carried on.

WP3 Innovative Electrical Wing

Phase 2 of Smart Integrated Wing Demonstrator (mainly electronic control network and
incorporating the last components from research activity outside of Clean Sky 2) will be
completed. Function based on the remote electronics network will be integrated. Phase 3
addressing hydraulic supply equipment will be prepared. Wing architecture studies will
conclude the assessments. Building upon the system TRL4 achieved the year before,
development of the hydraulic power packs will continue to increase maturity. This includes
for example health monitoring functions. The sub-system demonstration to allow for TRL5
will be performed. Therefore different test setups will be used. Partners from academia will
be involved in various aspects.

Innovative electrical flight control components for regional aircraft will progress and nearly
complete the assembly phase.

Preliminary design of Smart Active Inceptors has been adjusted according to multiple
airframer needs. Architecture step 2 has been frozen in order to address these needs and
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make certification easier. Consequently, design phase and risk mitigation plan have been
adjusted in 2019, based on this architecture. A Detailed Design phase is expected in 2020,
during which all parts of the Smart Active Inceptors will be designed and justified and will
allow manufacturing and integration activities in order to prepare qualification tests in
2021.

WP4 Landing Gear System

Functional and performance tests will be completed for the Green Autonomous Taxiing
System and the angled rim wheel (Short Turn-Around Time) in order to achieve a TRL6 at
system level. Meanwhile the bricks needed to achieve an optimized Main Landing Gear
System will be tested.

Safety-testing of Nose Landing Gear Local Hydraulic system and TRL6 testing of its
components will be completed at Liebherr. This will enable the system and performance
Demonstration on an Airbus aircraft to reach TRL6.

For the composite main landing gear structural part the preliminary and detailed design
activities will be performed, based on the requirements and concept developed in 20190. In
addition tool manufacturing will start (in CfP8 project INNOTOOL4.0).

For the Sensor Systems the following work will be performed: Delivery of optimised sensor
for nose & main landing gear; mechanical integration design pack; safety & reliability
assessment, provision of fibre optic interrogator and prototype fibre optic processing unit to
NLR for system functional testing; start of environmental & system tests.

The ground tests of the landing gear loads sensing chain will be performed on the Partner’s
test rig to demonstrate TRL5.

WP5 Electrical Chain

WP5.0: Activities on High-Voltage-DC power will cover specifications for electrical network
architecture and distribution technologies bricks, preparation of tests for the Power
Management Centre validation of the innovative concept of Electrical and data distribution
technology. .

WP5.1: Works on Digital Generator Control Unit will end with a demonstration of its
functionalities on a DC Generation channel. Regarding Starter-Generator, activities will
mainly focus on the development of sub-assemblies, in particular the mechanical
disconnect. The DC-DC converter developed in 2018-2019 will be improved with new
functions enhancing its maturity when operating on networks.

The second period (2020-2021) of NENUFAR project is the RUN2 during which we will
identify new cells for the application, will design and test complete battery systems with
integrated battery management system and chargers for low and high voltages applications.
At the same time we will continue to improve the different models and simulations as well
as the safety analysis. Work will be completed with the follow-up of LiBAT projet, which is
developing a demonstrator for the 200 Wh/kg milestone in the roadmap until July 2020, and
support of the preparation stage of the next iteration of advanced lithium batteries.

WP5.2: 2020 will allow us to reach a TRL4 level of for each component of the representative
ATA 24 architecture based on the new high speed digital bus named Etherfly and a the first
tests campaign to validate the control/command for an electrical smart motor.

Continuation of the work on Innovative Electrical Network harnesses including wiring and
interconnection systems will be performed during this period. The objective of this work is
to reach TRL3 in High Voltage AC and High Voltage DC electrical networks
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WP5.3: The Core Partner project THRUST launched mid 2017 will focus on development of

commutation matrix and technology improvements to enable High Voltage DC components

specifications.
WP5.3.1: In 2020 all the project activities will be launched. The various equipment
specifications will have been discussed and matured with the Work Area Leader. The
preliminary design will be frozen for the commutation matrix and the NBPU. The
commutation matrix demonstrator will be assembled and tested in the perspective
of the TRL5. The preliminary design will be in progress for the commutation
technologies, Solid State Power Converter and Residual-Current Circuit Breaker, and
the Electrical Control Unit. When beneficial to the maturation of the technologies or
derisking technical choices, sub scaled specimens will be manufactured and tested.
As soon as main interfaces will be identified, the definition of the High Voltage DC
power centre will start.
WP5.3.2: Development of high level maturity technological bricks for Power
Electronics (Sic, control-command, air cooling, multi-use capabilities) will be
performed with hardware tests. The control will be developed and tested. TRL5-6
maturity will be reached.

WP6 Major Loads

In the frame of Adaptive Environmental Control System, development of advanced sensing
and filtration technologies will be performed.

For electrical Environmental-Control-System activities, a system critical design review will be
carried out, and Liebherr will start the hardware manufacturing to cover Risk Driven
Development plan.

For the Vapour Cycle System, Critical design review activities will start while Hardware
Manufacturing and Assembly will be performed.

For Cabin Comfort topic, full scale tests will be performed in 2020 for pollutants Filter cabine
evaluation. Tests for Volatile Organic Compounds sensor evaluation will be made in Liebherr
facilities.

The architecture of electrical Wing Ice protection as well as the ice accretion rate function
will be validated through full scale Icing Wind Tunnel test campaign (end of 2020. In the
frame of primary-flight-ice-detection system, Zodiac will ensure the development of ice
accretion rate function and crystals toward an objective of TRL5 at end of 2020. They will
also develop Airborne Interferometric Ice Sensor technology toward an objective of TRL3 at
end of 2020.

Some calls for proposals will be launched to support WP6 demonstrators activities.

The AVANT test bench, completed in 2019, will be equipped with air systems infrastructure
for air treatment.

WP7 Small Air Transport Activities

Technologies for small air transport aircraft systems will be further maturated during the
period. This includes electrical power generation and distribution, electrical landing gear,
low power de-ice, fly-by-wire, affordable future avionic solutions and equipped safe and
comfortable passenger cabin.

In particular, in 2020 the critical design review of the main demonstrators (Electrical Landing
Gear, De-Ice, Fly-by-Wire and Comfortable Passenger Cabin).
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Concerning the Electrical Power Generation and Distribution System, a High Voltage DC
brushless generator and associated Generator Control Unit will be developed to equip an
electrical test rig. Tests will be completed in 2020. The architecture of the Integration Rig
consists of:
1) Electrical generation 270/28 V DC subsystem, including:

a. Generator and related control unit for both 270V DC and 28 V DC.

b. Generators Control Drive and Cooling System.

c. Generator Test Bench Control Panel.

2) Electrical distribution subsystem, including:
a. Low voltage and high voltage Primary Power Distribution Unit
b. Bi-directional 28 V—-270V Converter.
3) Electrical loads test bench, including the Human Machine Interface electronic loads
monitoring and command panel.

Concerning the affordable future avionic solution for small aircraft, the maturation of the
Enabling Technologies will proceed from TRL 4 to TRL 5.The Enabling Technologies are as
follows:

e Flight Reconfiguration System

e Tactical Separation System

e Advanced Weather Awareness System

e Compact Computing Platforms

e High-Integrity Electronics

e Hybrid Navigation and Surveillance systems

To enable small aircraft operations in higher-density airspace and differently equipped
airports and airfields, the scope will include a development in area of hybrid navigation and
surveillance leveraging visual and inertial sensors’ inputs. The consequently increased
volume of computation performance needed will be also adequately reflected in the
computing platform architecture. Moreover, given the advent of propulsion hybridization
and electrification in area of small platforms, extended data acquisition and processing
schemes will be sought for the propulsion diagnostics and prognostics.

WP 100.1 Power Electronics and Electrical Drives

University of Nottingham will complete the topics focussed on: Printed circuit board cooling
for a planar transformer, parallel operation of reversible High Voltage DC sources. There will
also be significant work carried out on further development of the Starter Generator using
Active Rectifier Technology including optimisation of the power electronics.

The University will also perform work on modelling physics of failure for wide band gap
devices and apply this to a gate driver demonstrator.

WP 100.2 Product Life Cycle Optimization: ECO Design

In 2020, research activities (through current calls for Proposals launched) on green coating
systems, high performance composites, additive manufacturing, development of super
hydrophobic materials will continue with TRL 5 objectives to be achieved.

Further partner calls on ECO topics will be launched to support activities on high
performance composites and additive manufacturing.
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The collaboration started with Eco Design Transversal Activity will carry on and be
reinforced to secure completion of the work package objectives.

WP 100.3 Model Tools and Simulation

The “final” software core environment incorporating extended TRL5+ capabilities based on
stakeholders and users’ feedback will be deployed in 2020. A second focus of activities will
be the further development and optimisation of the aircraft operations platform.

Major Milestones planned for 2020

Demonstrators / Techno Streams

Major Milestones for 2020

(as shown in CS2DP)
D1: Extended Cockpit demonstrations -
WP1

Extended cockpit at TRL5 (Q4 2020)

D2: Equipment and systems for Cabin &
Cargo applications - WP2

C&C Processes & architecture standard review
(Q4 2020)

D3: Smart Integrated Wing — WP3

Phase 2 set-up completion (Q3 2020)

D4: Innovative Electrical Wing — WP3

e Smart Active Inceptor Step 2: Detailed
Design Review (Q3 2020)

e Flight Control System clearance for ground
tests of FTB#2 step 2 (Q4 2020)

D5: Advanced Landing Gears Systems —
WP4

e Green Autonomous Taxiing System TRL6
Review (Q4 2020)

e Short Turn-Around Time equipment
(angled wheel and Tire) TRL6 Review (Q4
2020)

D6: Electrical Nose Landing Gear System —
WP4

Lab pre-testing completed (Q2 2020)

D17: Advanced Landing Gear Sensing & |Landing gear loads sensing system
Monitoring System — WP4 demonstration at TRL5 (Q3 2020)
D10: High Voltage DC Power Management | High  Voltage DC innovative electrical

Centre — WP5

distribution concept validation (Q2 2020)

D11: Next Generation Electric
Environmental Control System (EECS) for
Large A/C— WP6

EECS Critical Design Review (Q4 2020)

D12: Next Generation EECS for Regional
A/C—-WP6

Primary Heat Exchanger High Temperature -
Primary Design Review (Q3 2020)

D13: Next Generation Cooling systems —
WP6

Vapor Cycle System (VCS) Critical
Review (Q4 2020)

Design

D14: Advanced Electro-thermal Wing Ice
Protection - WP6

Full-scale lce Wind Tunnel
completed (Q4 2020)

test campaign

D18: Fly by Wire — WP7 [SAT]

TRL4 Fly by Wire Sub-Systems Rig Test (Q4
2020)

D19: Electrical Power Generation and

Distribution — WP7 [SAT]

TRL4 Electrical Power Generation and
Distribution System Rig Lab Initial Tests (Q4
2020)
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Demonstrators / Techno Streams
(as shown in CS2DP)
D20: De-lce — WP7 [SAT]

Major Milestones for 2020

TRL4 Preliminary Small Scale Test on Low
Power De-Ice System (Q2 2020)

D21: EMA and brake Landing Gear — WP7
[SAT]

TRL4 Electrical Landing Gear and Brakes Sub-
Systems Rig Test (Q3 2020)

D22: Comfortable and safe cabin for small
aircraft — WP7 [SAT]

TRL4 Gate Tests on Insulation Systems (Q1l
2020)
Seat Demonstrator 2 — Test Evaluation (Q3
2020)

D23: Integrated cockpit — WP7 [SAT]

Avionics Solutions TRL5 Systems Gate (Q3
2020)

Modelling and Simulation Tools for System
Integration on Aircraft — WP100.3

MISSION  Core Simulation
Completed (Q2 2020)

Environment

Major Deliverables planned for 2020

Demonstrators / Techno Streams

Major Deliverables for 2020

(as shown in CS2DP)
D1: Extended Cockpit demonstrations -
WP1

Extended Cockpit demonstrator: technical &

operational evaluation report (Q4 2020)

D2: Equipment and systems for Cabin &
Cargo applications — WP2

C&C processes & architecture standardisation
— Mid Term Report (Q2 2020)

Cabin applications development report (Q4
2020)

D3: Smart Integrated Wing — WP3

Bench Demo HW Description (Q4 2020)

D4: Innovative Electrical Wing — WP3

Flight Control System clearance for ground
tests of FTB#2 step 2 (Q4 2020)

D5: Advanced Landing Gears Systems —
WP4

Electro-Hydraulic Actuator Main Landing Gear
bricks TRL report (Q4 2020)

D6: Electrical Nose Landing Gear System —
WP4

TRL6 Test Results Summary (Q4 2020)

D17: Advanced Landing Gear Sensing &
Monitoring System — WP4

Landing gear load sensing TRL5 assessment
summary report (Q4 2020)

D9: Innovative Electrical and

Control/Command Network — WP5

Power module control with Etherfly (Q2 2020)

D10: HVDC Power Management Centre -
WP5

Commutation Matrix Demonstrator (Q2 2020)
High Voltage DC Remote Control Circuit
Breaker Design Definition (Q1 2020)

D11: Next Generation EECS for Large A/C —
WP6

EECS Critical Design Review Report (Q4 2020)

D12: Next Generation EECS for Regional
A/C—-WP6

Primary Heat Exchanger High Temperature -
Primary Design Review Report (Q3 2020)

D13: Next Generation Cooling systems —
WP6

VCS Critical Design Review Report (Q4 2020)

D16: Thermal Management Test rig — WP6

Report on advanced technologies for air
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Demonstrators / Techno Streams
(as shown in CS2DP)

Major Deliverables for 2020

treatment completed (Q4 2020)
AVANT test bench completed with air system
treatment infrastructure (Q4 2020)

D14: Advanced Electro-thermal Wing Ice
Protection — WP6

Prototype for full-scale Ice Wind Tunnel test
campaign (Q3 2020)

D18: Fly by Wire — WP7 [SAT]

Fly by Wire Test Requirements Specification
(Q3 2020)

D19: Electrical Power Generation and

Distribution — WP7 [SAT]

Electrical Power Generation and Distribution
System Test Requirements Specification (Q3
2020)

D20: De-Ice — WP7 [SAT]

De-lce Test Requirements Specification (Q3
2020)

D21: EMA and brake Landing Gear — WP7
[SAT]

Electrical landing gear and Brakes High Level
Technical Requirements (Q1 2020)

D22: Comfortable and safe cabin for small | Assessment of standard and optimized

aircraft — WP7 [SAT] insulation for noise and thermal control (Q2
2020)
Seat Demonstrator 2 — Test Evaluation (Q3
2020)

D23: Integrated cockpit — WP7 [SAT] Integrated prototypes & Lab validation — Batch
2 (Q3 2020)

Description of main activities for the year 2021

WP1 Extended Cockpit

In the field of communications, the Clean Sky 2 objective is an end-to-end demonstration in
2022 of integrated modular communications at TRL5 on representative avionics trial
hardware. Related technologies will be progressed beyond TRL4 in 2021, and research on
low-profile/drag electronically steerable antennas for in-flight connectivity will also be
carried out.

Furthermore, in 2021, the low TRL research will continue on the disruptive flight
management solutions (extended strategic navigation functions using e.g. Artificial
Intelligence technologies). And regarding enhanced vision and awareness, new efficient
production methods for 94 GHz (W-band) waveguide antennas will be investigated.

WP2 Cabin & Cargo Systems

Activities in 2021 will mainly focus on cabin and cargo equipment development termination
and standalone testing.

For the connected seat, sensor module box will be validated (TRL6 targeted) and then seats
and partial parts of the seat will be fitted with the full system ready to be tested according
to the demonstration test plan.

For the seat power converter and power management, the demonstrators’ development
and individual testing will be finalized.

For the connected trolleys and galleys the galley content detection will be finalized.
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For the Halon-Free Fire Suppression System, new components will be tested. Furthermore,
fire suppression tests with an On-board Inert Gas Generation System for long-term
inertisation will be conducted.

Newly developed equipment of the waste-water-system which reuses grey water will be
tested and the selected system approach will be verified.

In parallel the continuous standardisation activities will be carried out and the overall
demonstration activities will be started.

Finally, the cabin and cargo demonstration campaigns will be prepared (procedures, rig
implementation...).

WP3 Innovative Electrical Wing

After integration of all components, Smart Active Inceptor will be ready for verification and
qualification tests. All tests will be performed at sub-assembly level and at complete sub-
system level in order to reach TRL4-5.

Assembly of electro-mechanic actuation (EMA) flight control components for regional
aircraft will be finalised in 2019. Integration and safety tests will be conducted to support
the first flight test in Regional IADP in 2020.

Phase 3 of the Smart Integrated Wing Demonstrator with new hydraulic supply components
(hydraulic power package) will be completed. Wing architecture studies are planned to close
with comparison on all achieved results on short range and long range architectures.
Partner projects will be supported.

Based on the results of TRL5 demonstration, the hydraulic power package including the
required sub-system components will be improved where needed and complementary
elements as health monitoring and electrical supply will be added. Additional testing may be
beneficial as well.

WP4 Landing Gear System

All the bricks specified for an optimized Main Landing Gear System will be tested and will
achieve a TRL5-6 level at the end of 2021.

Manufacturing of test articles and test rig for the composite Main Landing Gear structure
will be performed and reported, aimed for attaining TRL5 level in 2022.

Works on landing gear sensor systems include: Completion of environmental and system
testing, system integration on flight test aircraft, flight testing, and final reporting.

WP5 Electrical Chain

WP5.0: Work on high-voltage-DC including test of Power Management Centre commutation
matrix on PROVEN test bench, validation of models automatic adaptation algorithms and
Electrical harnesses installation topology optimization studies based upon improved
installation rules.

WP5.1: Technologies for the rotating Starter-Generator will be further maturated. The
active Rectifier function of the Power Electronic Module will be improved in particular with
parallel operation and the ability to operate with different types of input power source. The
activity on Energy Storage will continue with the RUN2 begun in 2020.

WP5.2: 2021 will allow us to reach a TRL5 level and demonstrate a representative ATA 24
architecture based on the new high speed digital bus named Etherfly.

Continuation of the work on Innovative Electrical Network harnesses including wiring and
interconnection systems will be performed during this period. The objective of this work is
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to reach TRL4 in High Voltage AC and High Voltage DC electrical networks in the end of
2022.

WP5.3.1: THRUST activities will focus on commutation matrix test and High Voltage DC
component demonstrators design. 2021 will see the critical design phase of most of the
component demonstrators. The critical design phase will build on the results of the sub
scaled specimens tested. The detailed design will be frozen for the commutation
components — Solid State Power Converter and Residual Current Circuit Breaker. The
optimized power centre design will be completed along the completion of the component
demonstrators critical design phase.

The manufacturing of demonstrators will lead to TRL tests and the integration within the
HVDC power centre.

WP5.3.2: The full-scale development will be pursued and Power Electronic Modules will be
delivered to allow the start of pre-integration tests and to support WP6 activities. Bricks
integration studies in a modular Power Electronics.

Further maturation of High Voltage Innovative Electrical Network harnesses will pave the
way towards concrete demonstration with optimised and standardised wires and
connections systems.

WP6 Major Loads

Adaptive Environmental Control System will be validated at TRL5 in 2021, leveraging
advanced technologies.

For the electrical Environmental Control System and Vapour-Cycle System demonstrators,
the system and components will be tested. Equipment & system performance tests will be
performed to validate the technologies up to TRL 4.

Cabin Comfort topics (MACAO and BREEZE projects) will be closed.

Full scale icing wind tunnel tests will be validating the performance of electrical wing-ice-
protection system and its advanced control benefits in all icing conditions. TRL5 maturity
will be assessed for electrical wing-ice-protection system (End of 2021) and TRL6 for
primary-flight-ice-detection system and more precisely at ice accretion rate & crystals level.
The Airborne Interferometric Ice Sensor flight test demonstrator will be matured towards
TRL4 end of 2021.

All AVANT systems infrastructure will be connected to the overall building infrastructure and
checked accordingly.

WP7 Small Air Transport Activities

Technologies will in general reach TRL5 in this period, through the manufacturing/assembly

of technology demonstrators and the execution of tests campaigns.

In particular:

1) More electric landing gear, rig test will start in the first quarter of 2021. In this test both
the electric brake and actuation will be mounted on a P180 landing gear test rig to verify
system functionality and to validate High Level Requirements.

2) De-icing tests will start in Q1 2021 and will be completed in Q2 2021. Test will be
executed in the Icing Wind Tunnel of the Italian Aerospace Research Centre (CIRA).

3) Fly-by-wire iron bird tests will start in Q2 2021 and will be completed by the end of Q3
2021. The test rig will integrate rudder actuator, integrated modular avionics and
innovative digital air data probes.
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On affordable future avionic solution the preparation of flight demonstration will progress
through integration of the enabling technologies on system level and initiation of
integration on cockpit level.

Modified passenger seats will undergo a crash test in order to validate developed
methodology.

In the field of passenger comfort, technologies for acoustic and thermal insulation and for
acclimatisation comfort will reach TRL6.

Modified passenger seats will undergo a crash test in order to validate developed
methodology.

In the field of passenger comfort, technologies for acoustic and thermal insulation and for
acclimatisation comfort will reach TRL6.

WP 100.1 Power Electronics and Electrical Drives

The work on 3 level compact AC/DC power converter will be completed as well as the work
on High Voltage DC secondary power distribution network. There will be a concerted effort
to conclude the simulation activities with respect to advanced models for decision making
on centralised/decentralised architectures. This will provide a foundation for future work on
integrating a number of the technologies into an electrical power train demonstration
including electro-magnetic compatibility and stability optimisation.

WP 100.2 Product Life Cycle Optimization: ECO Design

In 2021, research activities (through current projects launched + new calls for proposals
wave 11) on green coating systems, additive manufacturing, and development of super
hydrophobic materials will continue with TRL 5 objectives to be achieved.

The started collaboration with Eco Design Transversal Activity will carry on and be
reinforced to secure funding and completion of the work package objectives.

WP 100.3 Model Tools and Simulation
Modelling and optimization activities at aircraft level will continue and the thermal platform

will be completed. The actuation virtual testing demonstrator will also be completed in
2021.

Major Milestones planned for 2021

Demonstrators / Techno Streams Major Milestones for 2021

(as shown in CS2DP)
D25: Integrated Modular Communications | L-Band Digital Aeronautical Communications

demonstrations — WP1 System sub-network (Q2 2021)

D2: Equipment and systems for Cabin & | Cabin & cargo applications maturity TRL 5
Cargo applications — WP2 review (Q4 2021)

D3: Smart Integrated Wing — WP3 TRL5 on Actuation Systems (Q3 2021)

D4: Innovative Electrical Wing — WP3 e Qualification of Smart Active Inceptor

Step 2 (Q4 2021)
e Flight Clearance for Aileron/Spoiler EMA
(Q2 2021)

D5: Advanced Landing Gears Systems —WP4 | TRL review on Electro-Hydraulic Actuator
Main Landing Gear Technology (Q4 2021)
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Demonstrators / Techno Streams

(as shown in CS2DP)

D10: High Voltage DC Power Management
Centre — WP5

Major Milestones for 2021

Power Management Centre High Voltage DC
components (Solid State Power Controller /
Remote Control Circuit Breaker) CDR (Q3
2021)

D16: Thermal Management demonstration
Test rig— WP6

TRL5 on Adaptive Environmental-Control-
System (Q3 2021)

AVANT system infrastructure operational
(Q4 2021)

D14: Advanced Electro-thermal Wing Ice
Protection — WP6

TRL5 Architecture (Q3 2021)

D18: Fly by Wire — WP7 [SAT]

Fly by Wire Iron Bird Lab Tests (Q2 2021)

D19: Electrical Power Generation and | Electrical Power Generation and Distribution

Distribution — WP7 [SAT] System Rig Lab Tests Completion (Q2 2021)

D20: De-lce — WP7 [SAT] Low Power De-lce System Test in Icing Wind
Tunnel (Q1 2021)

D21: Electro-mechanical actuation and | Electrical landing gear and Brakes Integrated

brake Landing Gear — WP7 [SAT]

Rig Test (Q3 2021)

D22: Comfortable and safe cabin for small
aircraft — WP7 [SAT]

New Interior Materials Flight Test (Q1 2021)

Major Deliverables planned for 2021

Demonstrators / Techno Streams

(as shown in CS2DP)

Major Deliverables for 2021

D25: Integrated Modular Communications
demonstrations — WP1

Ground test platform delivery (Q4 2021)

D2: Equipment and systems for Cabin &
Cargo applications — WP2

e Water waste system development report
(Q3 2021)
Halon-free fire  suppression

development report (Q3 2021)

o systems

D3: Smart Integrated Wing — WP3

Test Result Summary (Q2 2021)

D4: Innovative Electrical Wing — WP3

Smart Active Inceptor Step 2: Qualification
Test Report (Q4 2021)

Test report for Safety of Flight
Aileron/Spoiler EMA (Q2 2021)

of

D5: Advanced Landing Gears Systems —
WP4

TRL Reports on Electro-Hydraulic Actuator
Main Landing Gear (Q4 2021)

Green Autonomous Taxiing System and
Short Turn-Around Time (Q1 2021)

D14: Advanced Electro-thermal Wing Ice
Protection — WP6

Wind Tunnel Tests results summary Report
(Q3 2021)

D18: Fly by Wire — WP7 [SAT]

Fly-by-Wire Tests Results (Q3 2021)

D19: Electrical Power Generation and
Distribution System — WP7 [SAT]

EPGDS Test Results (Q3 2021)
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Demonstrators / Techno Streams Major Deliverables for 2021

(as shown in CS2DP)

D20: De-lce — WP7 [SAT] Ice Wind Tunnel Test Results (Q2 2021)

D21: EMA and brake Landing Gear — WP7 | Electrical Landing Gear Test Results (Q4 2021)
[SAT]
D22: Comfortable and safe cabin for small | Methodology for safe and comfortable cabin
aircraft — WP7 [SAT] for small aircrafts and test results (Q2 2021)
T3: Modelling and Simulation Tools for | Results of hardware-in-the-loop versus full
System Integration on Aircraft — WP100.3 | virtual tests (Q1 2021)
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Small Air Transport Transverse Activity

Multi-annual overview and strategic planning

Small Air Transport (SAT) play a central role in representing the R&D (Research &
Development) interests of European manufacturers of small aircraft used for passenger
transport (up to 19 passengers) and for cargo transport, belonging to EASA’s CS-23
(European Aviation Safety Agency Certification Specifications 23) regulatory base. The key
areas, already identified at the start of the program, are:

e Multimodality and passenger choice;

Safer and more efficient small aircraft operations;

Lower environmental impact (noise, fuel, energy, pollution);

Revitalization of the European small aircraft industry.

Starting from the results coming from the different technologies implemented in the

different CS2 transversal ITDs (Integrated Technology Demonstrators), integration studies

will be performed to deliver the Green 19 seats aircraft. In particular, two different green
aircraft will be designed:

e One available for market entry in 2025. This aircraft will use the technologies developed
matured up to TRL5/6 (Technology Readiness Level) inside the several Clean Sky 2 ITDs.

e One available for market entry in 2032. This aircraft will use technologies to be
addressed in the future Clean Sky 3, such as hybrid propulsion, E-STOL (Hybrid-Electric
Short Take-Off and Landing) capability etc.. This platform is an alternative to the
previous one, requiring additional research effort to be carried out in the next
framework (HorizonEurope), in order to launch an aircraft as green and with low DOC
(Direct Operating Costs) to intercept market demand by using less expensive and
greener energy sources.

Hereafter an overview of the technologies that shall be integrated into the 2025 green
aircraft, according to the incoming information from ITDs:

e Affordable health monitoring systems;

e Electrical Power Generation and Distribution;

e Electrical LG architecture;

e Electrical Low power de-ice system;

e Fly by wire;

e Affordable avionics system;

e Increased comfort in cabin.

The SAT TA (Transversal Activity) in Clean Sky 2 will address technologies at integration level
through the following actions:

e Work on specific topics and technologies to design and develop individual items,
equipment and systems and demonstrate them in local test benches and integrated
demonstrators (up to TRL5).

e Customization, integration and maturation of these individual systems and equipment
in SAT. This will enable full integrated demonstrations and assessment of benefits in
representative conditions.
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e Transverse actions will also be defined to mature processes and technologies with
potential impact either during development or operational use.

e Conceptual studies concerning technologies to be integrated in the 2032 green
aircraft.

Description of main activities for the year 2020

The main activities for 2020 divided for WP (Work Package) are:

e WP 1 Management:

This WP will be active along the whole program run, including overall monitoring of ITDs’
progresses, with the main objective to ensure the completion of the research and the
validation tasks, respecting deadlines and assigned budget.

Taking into account that on 2020, the project is entering in a very consolidate phase
toward the final objectives, an effective strategy to disseminate and communicate
project achievements will be identified.

e WP 2 Aircraft Configuration:

In this WP, the design of the Green 19-seats Commuter a/c configuration EIS2025 (Entry
Into Service 2025) will be finalized, integrating TRL5/6 technologies coming from the
three different ITDs after subsystems technology’s CDRs (Critical Design Reviews).

In parallel, conceptual studies for the E-STOL Green 19-seats Commuter a/c
configuration EIS2032 (Entry Into Service 2032) will start, considering the introduction of
both the hybrid propulsion system and the innovative lift system and the outcomes from
thematic call UNIFIER 19.

e WP 3 Advanced Integration of Airframe, Engine and Systems technologies in small a/c:
This WP is aimed to support the development of Green 19-seats Commuter a/c by
means of integration studies of the airframe, engine and system technologies developed
in the AIRFRAME, ENGINE and SYSTEMS ITDs, based on subsystems technology’s CDR
outcomes, with the main aim to the manufacturing and test of selected demonstrators.

Major Milestones planned for 2020

Demonstrators / Techno Major Milestones 2020

Streams (as shown in CS2DP)

SAT D1 “Aircraft Level 0”, SAT | Annual Review Meeting — Activities performed on 2020
D2  “Wing Smart Health | are positively assessed.

Monitoring”, SAT D3 “Safe and | [Ref. WP1 / M1 — M1.1 - Type: Review Meeting — Due:
comfortable cabin”. 30/11/2020]

SAT D1, SAT D2, SAT D3. Green 19-seats Commuter a/c — The design of the Green
19-seats A/C EIS2025 is finalised.

[Ref. WP2 / M2 — M2.1- Type: Report — Due: 31/12/2020]
SAT D1, SAT D2, SAT D3. Summary of Inputs, requirements as shared with the
transversal ITDs for the development of the different
technologies is prepared.

[Ref. WP3 / M3 — M3.1- Type: Report — Due: 30/06/2020]
SAT D1, SAT D2, SAT D3. Integration studies

[Ref. WP3 / M4 - M3.2 - Type: Delivery of
hardware/software — Due: 31/12/2020]
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Major Deliverables planned for 2020

Demonstrators / Techno Major Deliverables 2020
Streams (as shown in CS2DP)
SAT D1, SAT D2, SAT D3. Dissemination, Communication and Exploitation Plan
[Ref. WP1 /D1 -D1.1 - Type: Report — Due: 31/03/2020]
SAT D1, SAT D2, SAT D3. Report on the design of the Green 19-seats Commuter
a/c.
[Ref. WP2 / D2 — D2.1 - Type: Report — Due: 31/12/2020]
SAT D2. Summary of Inputs, requirements and expectation for the

technologies developed under AIR-ITD.

[Ref. WP3 / D3 — D3.1 - Type: Report — Due: 30/06/2020]
ENG Demo. Summary of Inputs, requirements and expectation for the
technologies developed under ENG-ITD.

[Ref. WP3 / D4 — D3.2 - Type: Report — Due: 30/06/2020]
SAT D1. Summary of Inputs, requirements and expectation for the
technologies developed under SYS-ITD.

[Ref. WP3 / D5 — D3.3 - Type: Report — Due: 30/06/2020]
SAT D1, SAT D2, SAT D3. Integration studies based on completion of CDRs from
ITDs.

[Ref. WP3 / D6 — D3.4 - Type: Report — Due: 31/12/2020]

Description of main activities for the year 2021

The main activities for 2021 divided for WP are:

e WP 1 Management:
This WP will be active along the whole program run, including overall monitoring of ITDs’
progresses, with the main objective to ensure the completion of the research and the
validation tasks, respecting deadlines and assigned budget.
Results from the dissemination and communication strategies as planned in 2020 will be
assessed and if necessary updated in order to maximize the project impact.

e WP 2 Aircraft Configuration:
In this WP, the E-STOL Green 19-seats Commuter a/c configuration EIS2032 (Entry Into
Service 2032) conceptual design will be finalized, integrating hybrid propulsion system
and innovative high-lift system.

e WP 3 Advanced Integration of Airframe, Engine and Systems technologies in small a/c:
In 2021, WP3 activities will be focused on the following demonstrators:
o Aircraft level O, integrating systems demonstrators in a unique demonstrator

composed by the following items:

v’ Electrical generation 270/28 V DC subsystem, including Generator and related
control unit for both 270 V DC and 28 V DC, Generators Control Drive and
Cooling System and GTB (Generator Test Bench) Control Panel.

v’ Electrical distribution subsystem, including Low voltage and high voltage
Primary Power Distribution Unit (PPDU).

v’ Bi-directional 28 V - 270 V Converter.
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v’ Electrical loads test bench, including the HMI (Human Machine Interface) fly-
by-wire and more electric landing gear subsystems, loads monitoring and
command panel.

This demonstrator will be the final demo to test the overall 19 seats system
architecture.

o SHM (Smart Health Monitoring) on wing structure demonstrator, to validate
technologies developed under AIR at TRL 5. The results of the above-mentioned
tests will be analysed to assess overall performance of future 19-seats aircraft.

o Final demonstration of safe and more comfortable cabin on EV-55 platform (TRL 6).

Major Milestones planned for 2021

Demonstrators / Techno Major Milestones 2021

Streams (as shown in CS2DP)

SAT D1, SAT D2, SAT D3. Annual Review Meeting — Activities performed on 2021 are
positively assessed.

[Ref. WP1 / M5 — M1.2 - Type: Review Meeting — Due:
30/11/2021]

SAT D1. E-STOL Green 19-seats Commuter A/C— The design of the
Green 19 seats A/C integrating hybrid propulsion
technology — EIS2032 is finalised.

[Ref. WP2 / M6 — M2.2 - Type: Report — Due: 31/12/2021]
SAT D1. Feasibility study for the integration of All- electric
technologies. — Feasibility studies and requirements
definition for the integration of all electric technologies
developed into the SYS ITD are performed.

[Ref. WP3 / M7 — M3.3 - Type: Report — Due: 30/03/2021]

SAT D2. Smart Health Monitoring — Smart Health Monitoring on the
wing structure is validated through relevant test on
ground.

[Ref. WP3 / M8 - M3.4- Type: Delivery of
hardware/software — Due: 31/12/2021]

SAT D3. Final demonstration of safe and more comfortable cabin
on EV-55 platform (TRL 6).

[Ref. WP3 / M9 - M3.5- Type: Delivery of

hardware/software — Due: 31/12/2021]

Major Deliverables planned for 2021

Demonstrators / Techno Major Deliverables 2021

Streams (as shown in CS2DP)

SAT D1, SAT D2, SAT D3. Dissemination, Communication and Exploitation Report
[Ref. WP1 /D7 — D1.2 - Type: Report — Due: 31/12/2021]
SAT D1. E-STOL 19-seats Commuter a/c Configuration EIS2032

Conceptual Studies.
[Ref. WP2 / D8 — D2.2 - Type: Report — Due: 31/12/2021]
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Demonstrators / Techno Major Deliverables 2021

Streams (as shown in CS2DP)

SAT D1. Feasibility study for the integration of All- electric
technologies [Ref. WP3 / D9 — D3.5 - Type: Report — Due:
30/03/2021]

SAT D3. Smart Health Monitoring test report.
[Ref. WP3 / D10 — D3.6 - Type: Report — Due: 30/09/2021]
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Eco Design Transverse Activity
Multi-annual overview and strategic planning

The Eco Design (ECO) is a Transversal Activity (TA) in the frame of Clean Sky 2 project.

The Eco Design approach consists of integrating environmental criteria over the different
phases of a product’s lifecycle. Environmental protection is and will be more and more a key
driver for the aviation industry as a whole. The challenge with respect to the environment is
to reduce continuously the environmental impact in the face of continuing expansion in
demand for aviation.

ECO is the only contributor to meet the Flightpath 2050 target whereby "Air vehicles are
designed and manufactured to be recyclable", improving overall European aircraft industry
environmental compliance. Environmental compliance, in fact, is key to answer also societal
needs, being people more conscious of environmental aspects, to provide additional
business opportunities, to increase society’s health and to ease the compliance to emerging
regulations.

The Eco-Design Transverse Activity (TA) aims to coordinate and support valuable projects in
ITDs/IADPs contributing to a significantly reduced ecological impact of future air vehicles
over their product life cycle.

In CS2 Eco-Design TA aims to broaden the assessment methodology to include more
environmental indicators providing a framework for technology guidance including future
social impacts to enhance the competitiveness of the European aviation sector.

Eco-Design TA will mainly focus on materials, processes and resources sustainability,
efficient manufacturing and production, lifetime service, and end-of-life, and shall also
consider emerging aspects coming from future requirements to be met.

Eco-Design TA will be coordinated in cooperation with ITDs/IADPs with the core of
technology development and demonstration residing in the ITDs/IADPs. Eco-Design activity,
including the launch of call topics, will be screened and assessed through the Vehicle
Ecological Economic Synergy (VEES) sub-project determining the relevance, benefit and
impact for the transversal action. Selected projects will be implemented with the TA
supporting members and partners in monitoring and measuring their progress toward the
ecolonomic goals.

Eco-Design AnalySis (EDAS) will then support the assessment of the Eco-Design
technologies. The principles of an extended aeronautical database and novel life-cycle
assessment [LCA] methodologies will be developed with a design for environment vision to
help quantify the environmental benefits of the most promising technologies and orientate
the research in the Eco-Design theme.

The Eco Hybrid Platform virtual demonstrator offers an integrated visualisation of
“ecolonomic” improvements of aircraft products and production. This allows the
representation of all Eco-Design activities in CS2 and a single point of access to the Eco-
Design toolbox for eco-statements.

Dissemination of Eco-Design results represents crucial support to the European aircraft
industry and will be implemented accordingly.
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Description of main activities for the year 2020

Coming from 2019 also in 2020 the Life Cycle Inventories, as they build the foundation for
the collation of the global KPI, will be in focus to be further collected upon reception for the
activities in ITDs and IADPs. On this base, cumulative effects will be gathered for the major
demonstrator cohorts currently being

J Multi Functional Fuselage & Human Centred Cabin

] Advanced Wing Design

o Major Systems Treatments & Equipment Integration
o Engine Components

J Future Connected Factory

The ecoDESIGN Technology Processes will be treated under the aspects of various LCA
Indicators [core factors/ harmonized indicators, Global Warming Potential, Primary Energy
Demand, Water] with regard to typified utility scenarios and driving forces in the Materials
Processes Resources agenda (Additive Manufacturing versus conventional Machining,
Recycling, product energy footprint, new product categories through electrification, work
effort scoping, LCC limitations). The deliverables will take care to ensure the cross-over
between the uptake of advanced technology and state of the art conventional means (work
effort units and machining) and reflecting on job sensitivities.

The development of the Eco Hybrid Platform will continue and integrate interaction with
stakeholders e.g. by workshops.

The Eco Design Coordination Committee will ensure a proper level of interaction between
SPDs and Eco TA. It will also be the platform of exchange on results of the ecoDESIGN
Analyses.

Major Milestones planned for 2020

e SPDs demonstrations: Q1 & Q3 LCI Progress Meetings

e Workshops on Transversal Themes (e.g. REACh, Digital Material)
e Eco Hybrid Platform Workshop

Major Deliverables planned for 2020

e Q2 & Q4 Reports on LCI Data Reception

e Progress report for the Eco Design Analysis
e Design for Environment DfE 2020+ Guidance

Description of main activities for the year 2021

Eco Design TA will continue the 2020 Activity. Particular validation and verification will be
applied to for the hot spots. Communication of progress and key achievements will be
ensured.

Major Milestones planned for 2021
e SPDs demonstrations: Q1 & Q3 LCI Progress Meetings

CS-GB- 2019-11-21 WP and Budget 2020-2021 91



e Symposium on Aircraft Recycling
e ecoDESIGN Analysis Meeting

Major Deliverables planned for 2021

e Progress report on Eco Design Analysis
e Eco Hybrid Platform Report
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Technology Evaluator
Multi-annual overview and strategic planning

A Technology and Impact Evaluation infrastructure is and remains an essential element

within the Clean Sky JTI. Cross-positioned within the Clean Sky 2 programme, the

Technology Evaluator (TE) is a dedicated evaluation platform. It has the key role of assessing

the environmental impact of the technologies developed in Clean Sky 2 and their level of

success towards defined environmental (Noise, CO2, NOx) benefits and targets; and where

appropriate covering also  socio-economic impacts like e.g. mobility, connectivity,

employment, GDP growth and competitiveness.

The Technology Evaluator consists of three major tasks:

= Monitoring of Clean Sky 2 achievements vs. the defined environmental targets set in the
CS2 regulation

= Evaluation of the environmental benefits at Mission level by integrating when
appropriate selected ITD outputs into concept aircraft and modelling long term TE
concept aircraft;

®* |mpact assessments at airport and air transport system level using IADPs and TEs
concept aircraft / rotorcraft

= Evaluation of the socio-economic impacts and additionally of the CS2 programme at
societal level and on the members of CS2 programme.

For the 2020 to 2021 period the main milestone will be to perform the 1°* complete TE
assessment.

Description of main activities for the year 2020

The main activity will be to perform the 1*' TE assessment. This will consist of a full exercise

comprising:

= Mission level outputs for emissions and noise for Short Medium Range, Long Range,
Regional, Small Air Transport, business jet aircraft and fast rotorcraft.

= Airport level assessment for 6 representative airports for noise and emissions outputs as
well as a more aggregated approach and results for about 50 European airports.

= Air Transport System level assessment with fleet forecast and scenarios up to the year
2050 and the emissions impact of Clean Sky 2 technologies through realistic insertion of
concept aircraft into the future fleet

= Connectivity analysis for the existing fleet

=  Socio-Economic impact of air transport

= Fast rotorcraft heliport and fleet assessments with respect to noise, emissions and
mobility

TE Call for proposal 5, 7 and 9 activities will continue as planned.

An increased collaboration with EUROCONTROL and a peer-review of TE’s environmental

assessment methodology by EUROCONTROL and/or CAEP (ICAO Committee on Aviation
Environmental Protection) will be established.
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The inclusion of environmental benefits linked to Eco-Design activities within the CS2
programme will be strengthened.

Major milestones planned for 2020
» Performance of TE 1% assessment

Major deliverable planned for 2020
» TE 1% assessment report

Description of main activities for 2021

In 2021 activities will continue in view of the preparation of the 2" and final TE assessment
this will include:

= Updates of SPD concept models and TE concept aircraft modelling

= Updates of fleet scenarios at aircraft and rotorcraft level

= Updates connectivity and mobility

= Dissemination activities and material based on results of 1% TE assessment

= Continuation of TE Call for proposal 5, 7, 9 and 11 activities as planned

Major milestones planned for 2021
= Reception of updated SPD concept models

Major deliverables planned for 2021
= TE progress reports per assessment level
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Synergies with the European Structural and Investment Fund (ESIF)

The European Structural and Investment Funds (ESIF) will have invest approximately 100
billion Euros in innovation and research at the end of the period 2014-2020. Article 20 of the
Horizon 2020 Regulation and Article 37 of the Rules for Participation encourage synergies
between Horizon 2020 and other European Union funds, such as ESIF. The Clean Sky 2 JU is
called by its founding Regulation to develop close interactions with ESIF.

Synergies mean to expand the scope and impact of a CS2 JU project through ESIF funds in
terms of scientific excellence and contribution to the Clean Sky 2 programme objectives.
Synergies do not imply replacing the private contribution to be brought in the CS2 JU action
by ESIF or combining them for the same cost item in a project although a CS2 JU project can
benefit from additional funding from ESIF at national or regional level for complementary or
additional activities not covered by the CS2 JU grant.

In the framework of its calls, the CS2 JU encourages the submission of proposals containing
a separate and clearly identified Work Package (ESIF WP) that is independently funded or
eligible for funding through ESIF under the applicable national/regional funding scheme/call.
Activities proposed under the ESIF WP, where applicable, should be of complementary
nature to the core scope of the Call topic, should contribute to the overall objectives of the
Clean Sky 2 programme but are or may be exclusively funded through ESIF. In the context of
the calls for proposals, the complementary activities will be assessed by the JU strictly
outside the call for proposal framework, its evaluation and applicable rules.

The CS2 JU encourages also synergies with ESIF also by amplification of the scope, parallel
activities or continuation of a CS2 JU co-funded project through ESIF in synergy with the
programme and by stimulating the use of ESIF to build capacity and capabilities in the fields
related to the programme.

During 2019, four ESIF proposals were evaluated and awarded with the Clean Sky Synergy
Label. Additionally, ESIF complementary calls have been designed and launched by Member
States/regions under the MoUs (signed between the CS2 JU and MS/regions regarding
synergies with ESIF to ensure funding support to projects linked to Clean Sky. The current ((
MoUs have triggered over 40 complementary projects funded by ESIF for a total budget of
around €50 million and more projects are in the pipeline for funding within the period 2020-
21.
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3.2.3. Calls for proposals and calls for tenders

Calls for proposals — Partners

The Partners selected through calls for proposals will carry out objective driven research
activities aiming at developing new knowledge, new technologies and/or solutions that will
bring a contribution to the high-level objectives of the Clean Sky 2 programme, and
complement actions developed and executed in the IADP/ITDs/TAs. Partners will be
selected on the basis of topics launched through the calls for proposals (CfP) via the EU
Funding & tender opportunities Portal. The topics will define the scope, goals, objectives
and estimated duration of the activities to be performed by the successful applicant upon
being selected as a partner. Topic descriptions will be laid down in the call text and will
include, where appropriate, any special conditions related to the topic and/or specific
requirements related to operational capacity required, Consortium or Implementation
Agreement conditions, or prerequisite conditions to be met such as capacities needed to be
compliant with the topic’s objectives and specifications.

In the selection and definition of topics, consideration will be given to the appropriate
balance of lower TRL and longer-term research actions versus innovation-oriented efforts,
and the leverage and supply chain access made available to SMEs.

Calls for proposals will follow the H2020 Rules for Participation, with special conditions laid
down in this work plan under 3.3. The proposals submitted in the context of the calls will be
subject to independent evaluation governed by the rules set out in section 3.3 of this work
plan and published with the topics on the Funding & tender opportunities Portal. Upon
selection, the partners will sign a grant agreement for partners with the JU and their
contribution may be made available to either demonstrator activities in the IADPs/ITDs/TAs,
or to a set of technological research activities which are performed by one or several CS2
members in the frame of the grant agreement[s] for members. The partners' activities may
be performed under the technical monitoring of a private member acting in the call process
and grant implementation as Topic Manager.

In cases where the performance of actions by partners may contribute to the Clean Sky 2
high-level objectives and provide benefit to a broad stakeholder base, beyond one IADP/ITD
or TA, Research and Innovation Action topics may be launched outside the complementary
framework within one IADP/ITD/TA and the actions and results made available under
conditions specified in topic special conditions as laid down in the call text.

Additionally, the JU may launch topics for Coordination and Support Actions (CSAs) with the
aim of supporting the objectives of the programme at large. For any CSAs proposed by the
JU and agreed for launch through the Governing Board, the general conditions and rules of
H2020 shall apply.

Technical implementation of the partner’s actions within an IADP/ITD/TA - access rights
between private members and partners
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The contribution of partners to the objectives of an IADP/ITD/TA and in so doing to the
activities of the private member(s] will require a close cooperation between the member(s]
and the Partner selected by the JU to execute the work and implement the action under the
grant agreement for partners.

When assigned as Topic Manager in a topic in a call for proposals, the private member shall
monitor that the activities of the selected partner are properly technically implemented and
meet the objectives of the IADP/ITD/TA and to provide a timely technical feedback/opinion
to the JU which is in charge of the validation and approval of reports and deliverables.

In order to ensure an adequate framework for the cooperation between the private
member and the Partner, the latter is requested either to accede to the Consortium
Agreement of the IADP/ITD", where applicable, or to negotiate and sign an Implementation
Agreement with the private member who will define the framework of the cooperation.

In order to ensure the correct implementation of the action, a mutual access rights regime
shall apply to the Topic Manager and the selected partner. The access rights regime shall
apply at action level. More specifically the Topic Manager and the selected partner shall
grant mutual access rights under the same conditions to the background for implementing
their own tasks under the action and for exploitation of results. Specific provisions will be
laid down in the respective model grant agreement for members and model grant
agreement for partners.

Calls for tenders

The CS2 JU is entitled to launch calls for tenders as part of its operations and within the
operational budget allocated under Article 16 of the Statutes. The CS2 JU is planning to
launch in 2020-2021 few operational calls for tenders to request the provision of services to
support the CS2 JU in the performance of its activities.

The calls for tenders are expected to support the Technology Evaluator TA in its activities
and analysis across the Clean Sky 2 programme. The services to be procured through this
type of operational calls for tenders have an objective to gather data for use by the CS2 JU
which will be integrated in the next step into the action implemented under TE grant
agreement for members. The calls for tenders concern enabling IT systems and modelling
that directly support the Programme Office and the JU in creating and maintaining a
capability to [1] store and manage data related to assessments; [2] enable assessments not
linked to the actions in the grant agreements for members and their major demonstrator
projects but more broadly aimed at simulating technology progress; and [3] to provide to
the JU a communication / visualization tool in its role as Programme Office and PPP body.
They are not, as such, activities that support one private member activities within a grant
agreement, but represent services and capabilities supporting the JU in the performance of
its Statutory tasks and Membership at large, and the tasks of the Executive Director and the
Board respectively in proposing and agreeing actions to optimise the programme’s benefits
and results, as laid down in the Statutes. They will contribute to the assessment of the

1 In case of TE Calls for Proposals, a TE Coordination Agreement will apply
2 Under the conditions set out in Articles 25.2 and 25.3 of the H2020 model grant agreement
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environmental impact of the technologies developed in Clean Sky 2 and their level of
success towards well-defined environmental and societal benefits and targets.

A summary table is made available below listing an estimate of the operational tenders
planned for launch in 2020-2021 and the planned procurement procedure in line with the
CS2 JU Financial Rules. The detailed description of the tender specifications and of the
procedure will be announced at the moment of the publication of the tender documents on
TED and CS2 JU website.

Call for tenders planning 2020

Subject Type of procedure [Value in EUR [Schedule

Socio-economic impact
assessment (incl. catalytic effects | Open Tender max.750.000 | 1* Quarter 2020
and competitiveness)

Impact evaluation methodology Open Tender® max.750.000 1%t Quarter 2020

Air transport system scenarios in

T .750.
2050 (incl. multimodal solutions) Open Tender ax.750.000 | 1%t quarter 2020

3.24. Call management (planning, evaluation, selection)
Calls for proposals planning 2020-2021

Eleventh Call for Proposals JTI-CS2-2020-CfP11

The 11" call for proposals is foreseen to be launched on (or soon after) 14 January 2020.
The indicative funding value of this call is 30.20 million Euro for the topics launched within
the complementary framework of ITD/IADP/TAs. In addition to this envelope, 15 million
Euro will be added for the topics to be launched outside of the complementary framework
of ITD/IADP/TAs (Thematic Topics). The Call topics and their full descriptions are appended
to this work plan (see Annex Ill).

Calls will be open on the Funding & Tenders Portal for at least three months from opening.
Timelines for completion of the evaluation process and of grant agreement preparation will
be kept as lean as possible with the aim of completing signature of the grant agreements
within applicable time to grant (TTG).

3 Subject to the final 2020 budget procedure
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3.2.5. Dissemination and information about projects results

The JU will continue to adopt and exploit the common Horizon 2020 IT systems available in
the Commission. Besides continuous monitoring of the dissemination activities related to
the projects performed by the members and the partners, during their implementation
(according to the applicable periodicity and certainly at the final reporting), the JU (the
project officers inside the operational team and one SNE devoted to dissemination
activities) will ensure that the requirements of the grant agreements in this regard are met.
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3.3. Call management rules

The call for proposals process is conducted in line with H2020 rules and applicable guidance
documents for calls for proposals. Any specificity in the submission and selection process is
set out and described in the Rules for submission, evaluation, selection, award and review
procedures for Calls for Proposals which pursuant to CS2 JU Regulation n° 558/2014 of 6
May 2014 were approved by the Governing Board and published on the Clean Sky website
and on the Funding & tender opportunities Portal.

On a practical level, the calls for proposals will make use of the European Commission’s
Funding & tender opportunities Portal:
http://ec.europa.eu/research/participants/portal/desktop/en/home.html

The calls for proposals will be managed in compliance with the General Annexes to the
Horizon 2020 Work Programme 2018-2020:
http://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2018-
2020/annexes/h2020-wp1820-annex-ga_en.pdf and the specific conditions of the call, if any.

Part A (List of countries eligible for funding), part D (Types of action: specific provisions and
funding rates), part E (Specific requirements for innovation procurement (PCP/PPI)
supported by Horizon 2020 grants), part F (Model rules of contest (ROC) for prizes), part G
(Technology readiness levels (TRL)), part | (Budget flexibility) and part L (Conditions related
to open access to research data) of the General Annexes to the Horizon 2020 Work
Programme 2018-2020" shall apply mutatis mutandis.

Part B (Standard admissibility conditions, page limits and supporting documents) shall apply
mutatis mutandis to the Clean Sky 2 calls for proposals launched within the complementary
framework of one IADP/ITD/TA with the following additional conditions introduced below.

According to Article 9(5) of Regulation (EU) No 1290/2013 the annual work plan, where
appropriate and duly justified, may provide for additional conditions according to specific
policy requirements or to the nature and objectives of the action, including inter alia
conditions regarding the number of participants, the type of participant and the place of
establishment. The following additional conditions (points 1 and 2) apply to the calls for
proposals launched within the complementary framework of one IADP/ITD/TA:

1. In the light of the specific structure of the programme and the governance
framework of the JU, the specific legal status and statutory entitlements of the
“members” of the JU and in order to prevent any conflict of interest and to ensure a
competitive, transparent and fair process, the following "additional conditions" in
accordance with Article 9.5 of the H2020 Rules for Participation:

* European Commission Decision C(2019) 4575 of 2 July 2019
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e The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and
their affiliates® may apply to Calls for Proposals only in another IADP/ITD where
they are not involved as Members.

e The Core partners and their affiliates may apply to calls for proposals only in
another IADP/ITD where they are not involved as member.

2. Applicants may apply to calls for proposals if they:
e officially state whether they are an affiliate® to a member of the JU or not;
e Issue a declaration of absence of conflicts of interest’.

The above additional conditions and the information provided by the applicant/s will be
assessed by the JU, which will determine the admissibility of the applicant/s and of the
proposals. The CS2 JU reserves its right to request any supporting document and additional
information at any stage of the process.

Calls for proposals launched under Part B of Annex Ill: in cases where the performance of
actions by partners may contribute to the Clean Sky 2 high-level objectives and provide
benefit to a broader stakeholder base beyond one IADP/ITD or TA, Research and Innovation
Action topics may be launched outside the complementary framework of one IADP/ITD/TA;
for these topics, in order to prevent any conflict of interest, the following "additional
conditions" within the meaning of Art 9(5) of the Horizon 2020 Rules for Participation shall
apply:

e The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and

their affiliates® may not apply to the topics listed in Part B of Annex Il

Part C (Standard eligibility conditions) of the General Annexes to the Horizon 2020 Work
programme shall apply mutatis mutandis. The following derogation applies to the calls for
proposals launched by the CS2 JU regarding the minimum conditions for participation: an
application to a call for proposal will be considered eligible if it complies with the eligibility
conditions set out in the table below, depending on the type of action.

> See the definition under Article 2.1(2) of the H2020 Rules for Participation

® See the definition under Article 2.1(2) of the H2020 Rules for Participation

7 As part of the declaration, the legally authorized representative of the applicants entities will be requested to declare
whether the representative(s) of the entity participate to the IADP/ITD steering committees and whether they
representative(s) of the entity was involved in the preparation, definition and approval of the topics of the calls or had any
privileged access information related to that.

8 See the definition under Article 2.1 (2) of the H2020 Rules for Participation
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Eligibility conditions®'* **

Research & innovation | At least one legal entity established in a Member State or H2020
action associated country.

Innovation action At least one legal entity established in a Member State or H2020
associated country

Coordination and support | At least one legal entity established in a Member State or H2020
actions associated country

Part H Evaluation rules of the General Annexes to the Horizon 2020 Work programme
applies mutatis mutandis, with the following additional award criteria:

Award criteria

Type of action | Impact Quality and efficiency of the
The following aspects will be taken into implementation
account: The following aspects will be taken into
account*:

Research and | The section on exploitation shall | Match of technical capabilities and skills with
innovation demonstrate a clear commitment to | the Topic Area and congruent with the
actions (RIA); support exploitation of the results | programme objectives embodied in the topic;
brought by their participation in the | Ability to work effectively within a supply
programme and contribute to European | chain and into an equal or higher tier
EU competitiveness. industrial organization;

Innovation
actions (lA)

In order to protect the European competitiveness of the aeronautic sector, in accordance
with Article 43 RfP, the JU will make appropriate checks concerning the exploitation of
results during project implementation and the reporting phase. In this respect, the
contractual option of Article 30.3 of the grant agreement (providing that the JU may object
to a transfer of ownership or licensing of results to a third party established in a third
country not associated to the EU-H2020) shall apply by default to all CS2 JU grant
agreements.

Further details concerning the evaluation process, scoring and thresholds are laid down in
the Clean Sky 2 Joint Undertaking rules for submission, evaluation, selection, award and
review procedures of calls for proposals.

° The eligibility criteria formulated in Commission notice Nr. 2013/C 205/05 (OJEU C 205 of 19.07.2013, pp.9-11) apply
for all actions under this Work Plan, including for third parties that receive financial support under the action (in
accordance with Articles 204-205 of the Financial Regulation No 2018/1046), notably programme cofund actions.

1% Natural or legal persons, groups or non-State entities covered by the Council sanctions in force are not eligible to
participate in Union programmes. Please see the consolidated list of persons, groups and entities subject to EU financial
sanctions, available at http://eeas.europa.eu/cfsp/sanctions/consol-list en.htm

! Given that the EU does not recognise the illegal annexation of Crimea and Sevastopol, legal persons established in the
Autonomous Republic of Crimea or the city of Sevastopol are not eligible to participate in any capacity. This criterion also
applies in cases where the action involves financial support given by grant beneficiaries to third parties established in the
Autonomous Republic of Crimea or the city of Sevastopol (in accordance with Articles 204-205 of the Financial Regulation
No 2018/1046). Should the illegal annexation of the Autonomous Republic of Crimea and the City of Sevastopol end, this
Work Plan will be revised.
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3.4. Support to Operations

3.4.1. Communication and events

Strategic communication and advocacy activities will include increasing the visibility and
positive reputation of the Joint Undertaking by conveying the members’ and partners’
technological achievements and successes to significantly reduce CO, emissions and noise
levels. Promoting Clean Sky 2 calls to make the programme even more inclusive will be also
prioritised.

In addition, we will sharpen our message to explain innovative technologies under
development as well as expected impact, expand our networks and make our brand visible,
consistent and reputable, playing its role within the EU policy for research and innovation
and Horizon 2020 in particular. In parallel to demonstrating impactful Clean Sky 2 results,
we will drive our strategic communication activities and channels to the preparatory work
for a future European Clean Aviation partnership in Horizon Europe.

Clean Sky 2 JU will rely on multipliers and ambassadors:

e Clean Sky 2 members: industrial leaders and European Commission

e Local multipliers in the Member States such as States Representative Group (SRG)
reaching out to potential applicants

e Clean Sky project coordinators and participants, who will communicate the successes
of Clean Sky to various national and European audiences

e The Clean Sky Communications Network including industrial partners and the
European Commission communications specialists

e Clean Sky management and team.

Actions

a) Keep decision-makers and public at large aware by demonstrating progress of Clean

TARGET - Policy-makers in the area of research, innovation, transport, and
GROUPS: environment

- European and national press

- Public at large

MESSAGE: ‘ Success of demonstrators in on-going technical projects

e High-level and media events in Brussels and the Member States involving
top national and European policy-makers as well as Clean Sky participants.

e Outreach events at the European Parliament/European Commission, alone
and together with the other JUs (joint JU event planned for early 2020 at
the European Parliament).

e Targeted meetings/invitations to Demonstrator-related events to
representatives of the European Commission, the European Parliament,
and EU Permanent Representations.
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!‘ e Media events including briefings and press announcements when relevant.

b) Attract a large variety of excellent participants in Europe to apply for Clean Sky 2
programme

TARGET Potential applicants: Industrial leaders; Large, Small and Medium Enterprises;
GROUPS: academia; research centres

MESSAGE: Benefits of participation in Clean Sky 2 programme

ACTIONS: Promotion of Calls:
° Clean Sky 2 Info Days around Call launches

° Open webinars
° SRG promotion in each country
. Clean Sky management and staff participation at events

e Clean Sky visibility at key events:
- AEC Bordeaux in February 2020
- Clean Sky annual event in 2020 and 2021
- ILA Berlin and Farnborough Air Show in 2020
- Le Bourgetin 2021

e Produce high-quality content for www.cleansky.eu to keep interested
audiences abreast of results, activities and opportunities to join the
programme

c) Maximise efficiency and effectiveness of Clean Sky communications efforts

TARGET ITD leaders’” and European Commission communications professionals
GROUPS: (Communications Network Group); Clean Sky management

MESSAGE: Maximise internal information and effectively coordinate external actions
while aligning messages and timing. Includes press work.

e Align messages to speak with a single and aligned voice at events, high-
level meetings and when doing media relations. Improve and fine-tune
narrative to reach out to various audiences.

o Seek regular, high-level media coverage through press work, press
releases, and opinion articles in leading and specialised media.

e Create and produce a facts & figures-based communication version of the
Clean Sky annual activity reports.

e Coordinate communication activities with Communications Network
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d) Internal enabler: Support IADP/ITD/TA coordinators and project officers

TARGET CS2 IADP/ITD/TA coordinators; project officers
GROUPS:

MESSAGE: Ex-ante and post-project interaction with communications to optimise
visibility, advocacy and influence of Clean Sky, highlighting the achievements
of the projects as Clean Sky 2 programme reaches full flight.

e Create and coordinate an annual series of in-depth ‘Clean Sky 2 Results
Articles’ with the help of a professional journalist, to build a pack of
landmark achievements.

e Provide communications guidance and support for projects’
contributions to the website, events, printed and digital publications,
as well as press work.

e QOrganise engagement in online events to interact with Clean Sky
participants.
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3.4.2. Procurement and contracts

For the years 2020-2021 the JU will assign the necessary funds for the procurement of the
required services and supplies in order to sufficiently support its administrative and

operational infrastructures.

From its autonomy, the JU has efficiently simplified the procurement process by establishing
multi-annual framework contracts and Service Level Agreements for the supply of goods
and services and by joining inter-institutional tenders and joint tenders with the European
Commission and other Joint Undertakings to reach optimization of resources.

In 2020-2021 a few new calls for tenders are expected to be launched. The tenders planned
to be launched are expected to support some core activities mainly in the field of

communication for specific events and activities, audit and in the IT field.

A summary table is made available below listing the tenders planned for 2020-2021.

Procurement planning 2020-2021

2020-2021

Subject Type of procedure Value in EUR Schedule
Communication related activities and events
4™ Quarter of
| s .
EP event nter-J :JOSCZZﬁcr’:ated max 20.000 2019/1% Quarter
P of 2020
(commitment
ifi | .
CS2 event in Brussels . Specific antract max. 130.000 already mst
implementing FWC process) 1
Quarter of 2020
CS participation in ILA - o
Berlin event (services Specific Contract max.50.000 1> Quarter of
support) implementing FWC 2020
Farnborough International - st
f 1 f
Airshow 2020 (services . Specific Cc.>ntract max. 120.000 Quarter o
implementing FWC 2020
support)
Large communication and - "
dissemination event in Specific Contract max. 130.000 4" Quarter of
Brussels implementing FWC 2020
. Specific Contract 4™ Quarter of
Merchand 50.000
erchandise implementing FWC max 2020
Digital communication Specific Contract o 150.000 2020-2021
Services implementing FWC (throughout)
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Content creation, Specific Contracts max. 200.000 2020-2021
publications implementing FWC ' ' (throughout)
CS website Specific Contract max. 144.000 2020-2021
implementing FWC (throughout)
Le Bourget 2021 (services Specific Contract «
support) implementing FWC max. 45.000 1" Quarter 2021
Revamp of the website Specific Contract th
implementing FWC max. 65.000 4" Quarter 2021
Communication services for
the period 2022-2024* Open Tender max. 2.000.000 2020
Professional writer services Open Tender max. 200.000 2020
Other
Specific Contract
Audit of the reliability of implementing FWC
the JU accounts 2020-2021 with reopening of max. 60.000 Lst Qzlgazr(t)er of
competition
Specific Contract
Team Event 2020 implementing FWCor | 54 000 2020
Negotiated procedure
for low-value contracts
Legal assi i
ega“;;l;?:sce n Negotiated procedure max. 60.000 2020-2021
Development of
programme management Open Tender max. 400.000 2020-2021
tool
Call for expression of
Experts for Strategic Unit interests for external max. 144.000 2020-2021
experts
IT and IT related services p'\r'scg:;':‘rtjg) max. 144.000 2020-2021

*: the JU will need to launch an open tender to award framework contracts for

communication services already in 2020 to be able to use it during the period mid 2021-
2024. Thus, this procedure will have no budgetary impact during the period 2020-2021.

3.4.3. IT and logistics

The plans for ICT in for the next two years focus on supporting the activities of the
programme, enhancing efficiencies, streamlining processes and increasing robustness.

The trend to more paperless processes will continue with the introduction of a mission
management module with an electronic workflow from mission request through
authorisation and final payment. In the same way, plans are being made for the adoption of
a document registration and circulation system used by the European Commission (ARES). In
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addition, we will continue to adopt any other useful and cost effective IT tools of the
Commission or other Joint Undertakings, which become available to the JU. Clean Sky is also
active in the network of EU Agencies where IT knowledge, systems and procurement efforts
are shared. Through this network, a recruitment module and other useful tools will probably
become available during the 2020-2021 period.

New systems for technology and programme tracking are also under consideration. These
might be bespoke development or tools made available by private members organisations
depending on the requirements, availability and costs.

Concerning the physical infrastructure in the Clean Sky Programme Office, more
enhancements are required and foreseen. The building has been occupied by the Joint
Undertakings for ten years and some ICT equipment has reach end of life. Moreover, there
are more, and larger, Joint Undertakings using the facilities, and for longer, than was
foreseen in 2009. Therefore, the scale of the installations, both in capacity and lifespan has
been exceeded.

The most pressing example concerns the Wi-Fi, which serves staff, visitors and large
meetings. This needs to be replaced and upgraded throughout the building. In addition to
the routine replacement cycle of workstation equipment (computers, printers, telephones
etc.), the switches of the wired Network (LAN) need to be upgraded. In addition, the few
remaining IT dependencies on the premises will be addressed by further enhancing
robustness in the event of a disaster. Plans are being made to have a duplicate access point
to the secure network of the Commission installed in the JU’s data centre in Hamburg, in
addition to the one installed in the central office. This is a key link via which essential grant
management and financial system are accessed.

The recent enhancement to our meeting room facilities with audio-visual equipment has
been very beneficial, in terms of both the user experience and the reduction of rental costs.
Therefore, enhancement and expansion to other meeting rooms is likely to be considered.

Security is under constant review and enhanced when needed. Any necessary action needed
to react appropriately to emerging ICT security risks will be taken. Concerning physical
security this is also under constant review and a procurement of security cameras for the
Clean Sky parts of the building is foreseen.

The JU will continue to review new opportunities for enhancements and savings as they
arise.

3.4.4. JU Executive Team — HR matters

According to the Council Regulation 558/2014, the Staff Regulations of officials of the
European Union and the conditions of employment of other servants of the European Union
will apply to the staff of the CS2 JU and its Executive Director.

The JU will manage nine grant agreements for members of the Clean Sky 2 programme
(consisting of approximately 350 financial reports from leaders and core partners and nine
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annual technical reports). In addition, the JU will process the signature of GAPs for the call
planned and manage the reporting for the GAPs signed in previous years. Out of the 42
positions (TA and CA) currently recruited, 24 positions are involved in the grant
management area (excluding senior management tasks).

In accordance with the Governing Board decision adopted on 15 April 2016 regarding the
reclassification system, the JU shall perform the annual reclassification exercise for JU staff
in 2020 and 2021.

The revised organisational structure of the JU as approved by the Governing Board in July
2019 is shown below. The structure shows the three main units structure and composition
in terms of staffing.

i

The Establishment Plan foresees 44 staff in total, out of which 42 staff members
[36 Temporary Agents (TA) + 6 Contractual Agents (CA)] and 2 Seconded MNational Experts (SNE).

CS-GB- 2019-11-21 WP and Budget 2020-2021 109



3.4.5. Budget and finance

The Clean Sky 2 Joint Undertaking budget for 2020-2021 is summarised below. In 2020 the
Commission will transfer all the remaining commitment appropriations budgeted for H2020
to the CS2 JU. The administrative expenditures shown in Title 1 and 2 remain in general at
the same level than 2019 and include an estimated 3% salary increase (due to indexation
and promotions). With regard to operational expenditures (Title 4), the CS2 JU will sign two
GAMs 2020-2021 as well as the last call CfP11 of the CS2 programme for a total of €246.5
million commitment appropriations. In 2021 the CS2 JU will sign the next GAMs using the
remaining commitments (€44.4 million) that could be complemented by decommitted
credits of GAMs 2018-2019".

Title 5 shows the unused credits that will be used in the following years until the end of the

programme for both administrative and operational expenditure.

The detailed budget is set out in section 4.1.

Budget 2020

Title 1 - Staff Expenditures

Title 2 — Infrastructure Expenditures

Title 3 — CS Operational Expenditures

Title 4 — CS2 Operational expenditures

Title 5 — Unused appropriations not required in
the current year

Total Budget

Budget 2021

Title 1 - Staff Expenditures

Title 2 — Infrastructure Expenditures

Title 3 — CS Operational Expenditures

Title 4 — CS2 Operational expenditures

Title 5 — Unused appropriations not required
in the current year

Total Budget

> The GAMs 2020-2021 are in preparation.
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Commitment
Appropriations

5.528.900
2.995.000

0]
246.525.000

64.430.137

319.479.037

Commitment
Appropriations
5.751.967
2.915.000

0]

44.379.057
15.717.598

68.763.621

Payment
Appropriations

5.528.900
2.995.000

0]
307.024.821

0

315.548.721

Payment
Appropriations
5.751.967
2.915.000

0]

149.296.986

0]

157.963.953
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3.4.6. Data protection

In 2020-2021, the JU will continue to ensure compliance with the new regulation 2018/1725
of 23 October 2018 ** on Data Protection applicable to EU institutions, agencies and bodies
by continuing to implement the following actions — as included in the JU’s Data Protection
Action Plan adopted by the JU on 17 December 2018:

v" The JU will adopt a Governing Board decision on internal rules concerning restrictions of
certain rights of data subjects in relation to processing of personal data in the
framework of the functioning of the JU and will ensure its required publication in the O)J
of the EU;

v" The JU will adopt an Executive Director decision on internal personal data breach rules,
publish it on its website and train JU staff accordingly;

v The JU will continue to update internal policies and documents (e.g. contractual clauses)
on the data protection aspects;

v" The JU will start to use a new IT tool - developed and tailor made specifically for the JUs -
for keeping records of data processing operations and data breach cases;

v' Expected action tasks regarding joint controllership: singature of an MOU defining roles
and responsibilites of the JU and that of the EC, the scope of the MoU is to be defined in
coordination with the EC;

v' Cooperate with colleagues from communications, IT, HR and audit in order to regularly
monitor compliance of their processing operations;

v" The JU Data Protection Officer/Assistant will allocate time in advising and training the
staff, in particular in relation to the new records keeping IT tool - and raise awareness
about the risks associated to processing personal data and possible ways to mitigate
thereof;

v" Follow-up in EDPS and DPO network meetings on the EU legal framework for data
protection and potential impact on EU Institutions/Agencies/JUs of the data protection
package proposal, along with any guidelines and training provided by EDPS/DPO
network;

v Include data protection aspects in the quality manual;

v" Risk associated to Brexit: in case of no-deal Brexit, the flow of data from CS2 JU to UK
and Nothern Ireland will be subject to the requirements of international data transfers
as laid down in regulation 2018/1725 and the DPO has to assess, analyse and agree on
the mechanism best reflecting the JU’s needs to enable data transfer to third countries
where appplicable.

B 0J1L295,21.11.2018, p. 39
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3.5. Governance

The Governance of the Clean Sky 2 Joint Undertaking is ensured by the Governing Board.
Other bodies are:

- the Executive Director;

- the Steering Committees;

- the Scientific Committee;

- the States Representatives Group.

The Governing Board (GB) gathers the Commission’s representative, the Industry Leaders
[16] and the Core partners [6] representatives, with the Commission holding 50 % of the
voting rights. Decisions are taken by a majority of at least 80 % of all votes in its ordinary
meetings or by written procedure. The Governing Board has the overall responsibility for
the strategic orientation and the operations of the Clean Sky 2 Joint Undertaking and
supervises the implementation of its activities. Some of the GB annual tasks as per Article 8
of the CS2 JU Statutes include:

- assessment of applications for membership

- adoption of annual budget including the staff establishment plan

- providing guidance to and monitoring the performance of the Executive Director

- adoption of the work plan

- approval of the additional activities plan and providing its opinion on the private

members declaration on the in-kind contribution

- approval of the annual activity report, including the corresponding expenditure;

- approval of the calls’ ranking lists produced by a panel of independent experts;
In 2020 and 2021, the Governing Board will conduct its formal meetings at least three times
per year. The yearly rotation of the Core-Partners representatives in the Governing Board is
foreseen to take place during the first quarters of each year. The first two meetings of the
Board in 2020 are scheduled on 21 April and 24 June.

The Executive Director is the legal representative and the chief executive for the day-to-day
management of the CS2 JU in accordance with the decisions of the Governing Board and in
line with Article 10 of the Statutes. The Executive Director is supported by three managers:
two Operational Programme Managers and the Head of Administration and Finance. The
ITDs/IADPs/TAs Project Officers allows the Executive Director to play its coordination role.
The JU’s management acts on the basis of its quality system documents, which are listed in
the Quality Manual. Interactions with the ITDs/IADPs/TAs are mainly governed by the CS
Management Manual.

The Steering Committees (SC) are responsible for technical decisions taken within each
ITD/IADP, specifically for:

- guiding and monitoring the technical functions of its ITD or IADP and taking decisions
on behalf of the CS2 JU on technical matters specific to the relevant ITD or IADP in
line with the grant agreements or decisions;

- reporting to the Executive Director on the basis of defined reporting indicators
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- providing all necessary data to the Technology Evaluator

- establishing the detailed annual implementation plans for the ITD or IADP in line
with the work plan and proposing the contents of the calls for proposals;

- proposing to the Executive Director changes of the budget allocation within its ITD or
IADP.

Technology Evaluator and other Transverse Activities

Technology Evaluator, as a Transverse Activity, monitors and assesses the environmental
and societal impact of the technological results arising from individual ITDs and IADPs across
all Clean Sky activities, specifically quantifying the expected improvements on the overall
noise, greenhouse gas and air pollutants emissions from the aviation sector in future
scenarios in comparison to baseline scenarios. The Executive Director chairs the TE
Coordination meetings.

Eco-Design and Small Air Transport Transverse Activities are in charge of the coordination of
their activities in cooperation with ITDs and IADPs.

The Scientific Committee (SciCo) is an advisory body to the Governing Board. It will meet at
least twice annually. The Scientific Committee will be consulted on the Work Plans, will
advise on Call texts and will participate in interim reviews. Based on the legal framework,
the Chair of the Scientific Committee may participate to the meetings of the Governing
Board on issues of specific interest to the Committee as an observer.

The States Representative Group (SRG) is an advisory body to the Clean Sky 2 Joint
Undertaking. Article 14 of the Council regulation outlines that it will be consulted and, in
particular review information and provide opinions on the progress made in the programme
of the Clean Sky 2 Joint Undertaking and towards achievement of its targets; updates of
strategic orientation; links to Horizon 2020; work plans; involvement of SMEs, monitoring of
the Calls for Proposals. It shall also provide information to, and act as an interface with, the
Clean Sky 2 Joint Undertaking on the status of relevant national or regional research and
innovation programmes and identification of potential areas of cooperation, including
deployment of aeronautical technologies; specific measures taken at national or regional
level with regard to dissemination events, dedicated technical workshops and
communication activities.

It consists of one representative of each EU Member State and of each other country
associated to Horizon 2020 programme. It is chaired by one of these representatives. To
ensure that the activities are integrated, the Executive Director and the Chairperson of the
Governing Board or his representative attend the SRG meetings and the Chair of the SRG
attends as an observer at the Governing Board. At least two meetings of the States
Representatives Group are foreseen every year. The first meeting of the SRG in 2020 is
scheduled on 29 January. The Chair will participate in Governing Board meetings.
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3.6. Internal Control Framework

3.6.1. Financial procedures

The financial procedures and the workflows in place follow the financial rules, the general
control framework applicable in the Commission and the H2020 rules and guidance.
Awareness of beneficiaries of the CS2 programme on financial and administrative
requirements is raised through the development of specific guidance, as well as dedicated
workshops organised on a regular basis.

For grant agreement with Members and Partners, the reporting and validation of costs is
done via the EC IT tools. Payments to beneficiaries are executed via the ABAC IT tool (EC
accounting system).

3.6.2. Ex-ante and ex-post controls

During 2020-2021, the admin & finance and operational units will continue to work closely

together in their day to day activities of initiation, verification and payments of invoices and

cost claims, creation of commitments, recovery orders, validation of financial and technical

reports and following-up on other financial and administrative aspects of the projects. These

activities will be conducted in a timely manner that will be monitored through the defined

set of KPlIs, in particular, the time to pay, the budget implementation and work plan

execution. Best practice and highest quality standards will be ensured through the

availability of the CS2 JU Manual of Financial Procedures, Management Manual and Quality

Manual that are under regular revisions.

Ex-post controls:

The Ex-post audit (EPA) process represents a significant element of the Internal Control

System of the JU. The main objectives of the audits are:

1) Through the achievement of a number of quantitative targets, ensure the legality and
regularity of the validation of cost claims performed by the JU’s management

2) Provide an adequate indication on the effectiveness of the related ex-ante controls

3) Provide the basis for corrective and recovery activities, if necessary

3.6.3. Audits

The European Court of Auditors will carry out its annual audit on the JU activities in
accordance with the Statutes. The result of this work will be published in its annual report.
The JU will continue to work with the Internal Audit Service of the Commission on areas
identified in its Strategic Audit Plan for the JU.

The Internal Audit Capability will perform its work according to the annual audit plan, which
is approved by the Governing Board.
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4. BUDGET 2020-2021

4.1. Budget information

The years 2020 and 2021 will be challenging in terms of budgetary management since the JU
will reach the peak of CS2 operational activities and the workload linked to the validation of
costs will increase sharply. Due to some variables such as amounts claimed and number of
reporting periods, the forecasting of the budget figures is made on certain assumptions
taking into account the existing data from past years, as well as budget availability. This may
need to be revisited as the real implementation becomes clear.

The budget 2020-2021 presented below contains the following sections:

- Statement of revenue: The revenue received from the Commission, from the industrial

members and amounts carried over from previous years (unused) as well as bank
interests.
The subsidy from the Commission is a sum of the EC plus EFTA Contribution (with EFTA
contribution calculated at 2.41%for 2020 and 2021). The 2020 Commitments
Appropriations provided by the EU Commission are shown with administrative costs
included and include the frontload of the remaining credits foreseen for H2020 until the
end of the CS2 programme.

- Statement of expenditure: The expenditure includes the JU staff expenditure and the
infrastructure expenditure (administrative costs) as well as the operational activities
under H2020 (Title 4 — CS2 Programme). The unused appropriations are appropriations
that are not used in the current year but are shown here for full transparency of the
credits available to the JU for future use in accordance with Article 6.5 of the Financial
rules of the CS2JU™.

1% Ref. C5-GB-Writ. proc. 2016-05 Revised CSJU Financial Rules; see https://www.cleansky.eu/sites/default/files/cs-gb-
written_proc._2016-05_revised_csju_financial_rules.pdf

CS-GB- 2019-11-21 WP and Budget 2020-2021 115



Clean Sky 2 Joint Undertaking Budget 2020 - 2021

Statement of Revenue and Expenditure for the Clean Sky 2 Joint Undertaking for the financial year 2020 - 2021

STATEMENT OF REVENUE

Title Financial year Financial year Financial year Financial year
Chapte Heading 2020* 2020* 2021 2021
Commitment Appropriations Payment Appropriations Commitment Appropriations Payment Appropriations
10 SUBSIDY FROM THE COMMISSION 311,400,053 311,286,771 0 153,630,469
20 CONTRIBUTION FROM MEMBERS (NON-EC) 4,261,950 4,261,950 4,333,484 4,333,484
30 CARRY OVER FROM PREVIOUS YEAR (executed and estimated) 3,817,034 0 64,430,137 0
50 FINANCIAL REVENUES (BANK INTEREST) 0 0 0 0
TOTAL REVENUE 319,479,037 315,548,721 68,763,621 157,963,953
STATEMENT OF EXPENDITURE
Title . . . . . . . .
. Financial year Financial year Financial year Financial year
Chapte Heading 2020 2020 2021 2021
1 STAFF EXPENDITURE Commitment Appropriations Payment Appropriations Commitment Appropriations Payment Appropriations
11 STAFF IN ACTIVE EMPLOYMENT 4,610,400 4,610,400 4,850,000 4,850,000
12 MISCELLANEOUS EXPENDITURE ON STAFF 100,000 100,000 100,000 100,000
13 MISSIONS AND DUTY TRAVEL 300,000 300,000 300,000 300,000
14 SOCIOMEDICAL INFRASTRUCTURE 128,500 128,500 110,000 110,000
15 EXTERNAL STAFF SERVICES 350,000 350,000 350,000 350,000
17 RECEPTIONS AND EVENTS 40,000 40,000 41,967 41,967
TITLE 1 - TOTAL 5,528,900 5,528,900 5,751,967 5,751,967
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2 INFRASTRUCTURE EXPENDITURE Commitment Appropriations Payment Appropriations Commitment Appropriations Payment Appropriations
20 RENTAL OF BUILDINGS AND ASSOCIATED COSTS 570,000 570,000 570,000 570,000
21 INFORMATION TECHNOLOGY PURCHASES 450,000 450,000 450,000 450,000
22 MOVABLE PROPERTY AND ASSOCIATED COSTS 10,000 10,000 10,000 10,000
23 CURRENT EXPENDITURE FOR RUNNING COSTS 60,000 60,000 60,000 60,000
24 POSTAGE AND TELECOMMUNICATIONS 50,000 50,000 50,000 50,000
25 EXPENDITURE ON FORMAL AND OTHER MEETINGS 400,000 400,000 360,000 360,000
27 COMMUNICATION ACTIVITIES 600,000 600,000 600,000 600,000
28 EXTERNAL SERVICES AND SUPPORT 855,000 855,000 815,000 815,000
29 COSTS ASSOCIATED WITH CALLS 0 0 0 0
TITLE 2 - TOTAL 2,995,000 2,995,000 2,915,000 2,915,000
TOTAL ADMINISTRATIVE EXPENDITURE (Title 1 & Title 2) 8,523,900 8,523,900 8,666,967 8,666,967
3 OPERATIONAL EXPENDITURE CS Commitment Appropriations Payment Appropriations Commitment Appropriations Payment Appropriations
30 SMART FIXED WING AIRCRAFT 0 0 0 0
31 GREEN REGIONAL AIRCRAFT 0 0 0 0
32 GREEN ROTORCRAFT 0 0 0 0
33 SUSTAINABLE AND GREEN ENGINES 0 0 0 0
34 SYSTEMS FOR GREEN OPERATIONS 0 0 0 0
35 ECO-DESIGN 0 0 0 0
36 TECHNOLOGY EVALUATOR 0 0 0 0
37 CALLS FOR PROPOSALS 0 0 0 0
TITLE 3 - TOTAL 0 0 0 0
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4 OPERATIONAL EXPENDITURE CS2 Commitment Appropriations Payment Appropriations Commitment Appropriations Payment Appropriations
40 LARGE PASSENGER AIRCRAFT 103,040,000 78,365,701 20,921,120 29,054,728
41 REGIONAL AIRCRAFT 0 9,472,919 1,225,941 3,920,612
42 FAST ROTORCRAFT 0 12,701,054 2,700,275 6,664,079
43 AIRFRAME 52,485,000 41,066,898 7,533,126 12,769,282
44 ENGINES 0 17,495,847 5,092,462 9,271,700
45 SYSTEMS 0 19,938,826 5,376,111 10,812,372
46 TECHNOLOGY EVALUATOR 0 860,731 793,656 810,777
47 ECO-DESIGN TRANSVERSE ACTIVITY 0 953,297 473,550 592,807
48 SMALL AIR TRANSPORT TRANSVERSE ACTIVITY 0 785,748 262,817 400,630
49 CALLS FOR PROPOSAL / CALLS FOR TENDER 91,000,000 125,383,800 0 75,000,000
TITLE 4 - TOTAL 246,525,000 307,024,821 44,379,057 149,296,986
TOTAL OPERATIONAL EXPENDITURE (Title 3 & Title 4) 246,525,000 307,024,821 44,379,057 149,296,986
5 UNUSED APPROPRIATIONS NOT REQUIRED IN CURRENT YEAR 64,430,137 0 15,717,598 0
TOTAL BUDGET 319,479,037 315,548,721 68,763,621 157,963,953

*

Depending on the outcome of the Brexit agreement/contingency framework, the budget 2020 might require an amendment impacting the available credits. The CS2JU is waiting for

instructions in this regard.

Note: In accordance with Articles 13 and 15 of the Financial Rules, the complete details of the Budget 2020-2021 of Clean Sky 2 Joint
Undertaking, including the statement of revenue and expenditure for the preceding years 2020-2021 for the Clean Sky programme, the
Establishment Plan of the current year and the summary statement of the schedule of payments due in subsequent financial years are
published on the CS2 JU website.
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4.1.1. Private contribution to the programme and to the JTI objectives

At the end of 2018% the cumulative value of in-kind contributions for operational
expenditures for funded projects (IKOP) amounted €431.4 million for a total of €509.51
million EU contribution to operational costs of private members (Leaders/Core partners).
Assuming that the current trend will be constant and applying the “IKOP ratio” of 85% to the
planned GAM value 2020-2021 (€305.4 million*®) the level of IKOP would reach the amount
of €258.6 million for the period 2020-2021.

4.2, Staff Establishment Plan 2020-2021

Category and grade Establishment plan 2020 Establishment plan 2021
AD 16
AD 15
AD 14 1 1
AD 13
AD 12 2
AD 11 2 1
AD 10 4 4
AD9 10 10
AD 8 3 3
AD7 3 3
AD 6 9 8
AD5
Total AD 32 32
AST 8 1
AST 7 1
AST 6 2
AST 5 3 1
AST 4
AST 3
Total AST 4 4
TOTALTA 36 36
CAFG IV 1 1
CAFG I 5 5
CAFGII
CAFGI

TOTAL CA
TOTAL SNEs

TOTAL STAFF (TA +

!> See CS2 JU AAR 2018.

1% Last update of CS2DP.
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CA+SNEs)

5. ANNEXES

5.1. Annex I: Key performance indicators

The current list of KPIs is a combination of the H2020 indicators common to all JUs,
indicators monitoring the cross-cutting issues common to JUs, and in addition, specific
indicators for CS2 JU.

For reasons of consistency and comparability, the definition and composition of the
indicators has not been changed compared to previous years. However, in the light of the
last Interim Evaluation, new indicators are being developed for the new Horizon Europe
programme, which will also include indicators along the ,impact pathways”“.

Also concerning the new Internal Control Principles, the JU does not see the need to
introduce additional indicators, but assesses the application of the principles through
dedicated staff su rveys”.

TABLE | Horizon 2020 Key Performance Indicators common to all JUs

Key Definition/Responding to Question Target CS2 JU
Performance
Indicator
1 SME - No t t set, but
) . Number and % of o.argf:’ S€b .u .for
introducing estimating realistic results, a

innovations of E:\r/zcil:tarzzicsel\(/:lms that SME survey is planned in

articipatin io-
P pating innovations to the company 2020 as part of the socio

o SMEs economic study (see
I or to the market

9 subchapter 3.2.3)
a 2 | SME - Growth

< . .

w .and Jol? .crea.t|on Turnover of company, No target set

— in participating number of employees

<

= SMEs

& 3 | Patent

: . .

2 applications and | Number of patent

= patents applications by theme;

At least 366 patents

Number of awarded
awarded

patents by theme
(awarded in the area of the JTI)

" The most recent staff survey has been performed in Q2 2019, providing input to the first self-assessment of
the new Internal Control Principles
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4 | Demonstration >90 *
activities
* Compared to the previous
years, the KPI is referring now
Number of demonstrators and to the demonstrators and key
technology streams technologies as defined in the
4 different SPDs to better align
the presentation of the
expected performance in the
bi-annual Work Plan with the
Clean Sky 2 Development Plan
= 6 | Redress after
g evaluations <2% of proposals
g Number of redresses requested . o
] (excluding PP submission
<
E related redress requests)
7 | Timeto grant
2 (TTG) Number and % of grants signed within 90%
<z: target (eight months) measured from ’
o - .
o call deadline to signature of grants
2 8 T1|_nr1Pe to pay % made on time:
& (TTP) onal - pre-financing (30 days) 95%
E E)psratlona - interim payment (90 days) ’
P udget -final payment 90days
9 | Vacancy rate (%)
& % of post not filled in 0%
> 10 | Budget
(@} . .
2 implementation
S / 1. % CA to annual budget 95% in CA
E execution 2. % PA to annual budget 95% in PA
=
11 | Time to pay
(TTP) > 95%

Administrative
budget

% made on time (30 days)
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TABLE Il Indicators for monitoring Horizon 2020 Cross-Cutting Issues common to all JUs
(based on Annex Il to Council Decision 2013/743/EU)

Key Definition/Responding to Question Target CS2 JU
Performance
Indicator
12 Country EU 28: 95%
distribution (EU P Associated: 5%
c ( Total number of participations by EU- ?
o Member States .
B . 28 Member States and Associated
© and Associated .
2 . countries
S countries) (expected results, no
fd
g - numbers targets)
@ 13 | Country EU 28: 95%
- distribution (EU Associated: 5%
g Member States | Total financial contribution of EU-28
2 and Associated | Member States and Associated
'§ countries) - | countries
financial (expected results, no
contribution targets)
| 14 | SME 10%*
S L
@ B pfz.ﬂrtlur.)altlon Share of EU financial contribution
S % ) |nan.C|a . going to SMEs (Enabling & industrial )
“ e contribution tech and Part Ill of Horizon 2020) (Including GAMs and GAPs
g contribution [GAPs: >25%])
15 | Gender balance No target set, but
- estimate at
Program Percentage of women participants in approximately 20%
participation Horizon 2020 projects
(using data provided by
beneficiaries)
Gender balance No target set, but
. - estimate at
§ Project Percentage of women project approximately 20%
8 coordinators coordinators in Horizon 2020 projects
(using data provided by
beneficiaries)
Gender balance No target set, but
:’-\d ) q Percentage of women in EC advisory est/malte . at
visors an groups, expert groups, evaluation approximately 20%
experts S
panels, individual experts, etc. ] )
(using data provided by
beneficiaries)
= | 16 Third-country No target set
s 2 participation
50 % in numbers and attributed
€2 contribution
[T)
€ 3
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17 Innovation
> Actions (lAs) 70%
g Share of projects and EU financial
§ - contribution allocated to Innovation (Leaders: 100%
= Actions (As) Core partners: 100%
g g Partners: 55%)
0
,%n = Demonstration Within the innovation actions, share of | 70%
:tén activities within | EU financial contribution focussed on
@ IAs demonstration and first-of-a-kind
activities
18 | Scale of impact No target set
of projects (High | Number of projects addressing TRL8
Technology between (4-6, 5-7)
Readiness Level)
19 | Horizon 2020 | Percentage of participants from the | 70%
g beneficiaries private for profit sector of the total
= from the private | Horizon 2020 beneficiaries (classified
.g— for profit sector | by type of activity and legal status)
b - number of
3 participants
§ Horizon 2020 | Share of EU financial contribution | 70%
§ beneficiaries going to private for profit entities
e from the private | (Enabling & industrial tech and Part Il
,g for profit sector | of Horizon 2020); classified by type of
a - financial | activity; corresponding EU contribution
contribution
20 | EU financial | EU contribution to budget of CS2 EUR 311.31 Million
contribution for
PPP (represents CA for revenue
£ from EU contribution
a budgeted for the period
S 2020 until end of
% programme)
5 Private  sector | Total amount of funds leveraged | 125%
§ contribution through Art. 187 initiatives, including
including additional activities, divided by the EU | (On programme level - not
leverage effect | contribution applicable as annual target)
- 21 | Dissemination Number of dissemination activities in | At least 100 per year
S c activities conferences, workshops, press
§ .g releases, publications, exhibitions,
‘é .g trainings, social media, web-sites,
c g communication campaigns
E v
£
S
% £ | 22 | Distribution of | % of individual nationalities of | <25% from one country
2 g ' proposal proposal evaluators
% 8 evaluators by
o c country
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Distribution of | % of individual type of organization | < 66% of one sector
proposal from which evaluators are stemming
evaluators by
type of
organisation
2 23 | Participation of | Number of participations of RTOs and | At least 25%
o Research  and | of Universities and their share of the
E @ Technology total % of budget allocated to RTOs | (in numbers and financial
% Zg Organisations and to Universities contribution)
s § and Universities
B E in PPPs (Art 187
:3 > initiatives)
£
e
24 | Ethics efficiency | % of proposals not granted because of
non-compliance with ethical rules <2%
time to ethics clearance for proposals
k4 invited to grant | 45 days
é (data relate to pre-granting ethics
review; the time span runs in parallel
to granting process).
25 | Errorrates % of residual error accumulated until | <2%
% reporting year for H2020 programme
E
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TABLE Il Key Performance Indicators specific for CS2 JU

Key Performance Indicator

Definition/Responding to Question

Target at the End

of Horizon 2020
27 Reduce aircraft CO2 emissions 20 to 30%
Reduce aircraft CO2 emissions | compared to "State-of-the-art" aircraft
entering into service as from 2014
28 Reduce aircraft No emissions compared 20 to 30%
Reduce aircraft No emissions | to "State-of-the-art" aircraft entering
into service as from 2014
29 Reduce aircraft noise emissions levels 2010 30%
Reduce aircraft noise per operation compared to "State-of-
emissions the-art" aircraft entering into service as
from 2014
30 . Percentage of topics resulting in >90%
Call topics success rate .
signature of GA
31 > 80%
(target setting
. o . . below 100%
WP execution by members - % of deliverables available versus plan
. reflects the
deliverables (Members only) )
convention to

include only fully
delivered results.)
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5.2. Annex ll: List of private members - beneficiaries of the grant agreements for members

1. Leaders and Participating Affiliates

Organization Name

1 Leonardo MW Limited (ex AgustaWestland | Leader X X
Limited )

2 Airbus Defence and Space GmbH Leader X X

3 Airbus Defence and Space SAU Leader X X X X

3A | Compaiiia Espafiola de Sistemas Participating Affiliate X
Aeronauticos (CESA)

4 Airbus Operations GmbH Leader X X X

4A | Premium Aerotec GmbH Participating Affiliate X

5 AIRBUS OPERATIONS SAS Leader X X X X

5B | STELIA AEROSPACE Participating Affiliate X

6 Airbus Helicopters SAS Leader X

6A | Airbus Helicopters Deutschland GmbH Leader X X

6B | Airbus Helicopters Polska Sp z 0.0. Participating Affiliate X

7 Airbus Helicopters Espana Leader X

8 Airbus Operations Limited Leader X X X

9 Airbus Operations SL Leader X X X

10 Airbus SAS Leader X X X X

11 Dassault Aviation SA Leader X X X

12 Deutsches Zentrum Fuer Luft - Und Leader X X X X X
Raumfahrt Ev - DLR

13 Evektor, spol. s.r.o Leader X X X

14 Fraunhofer-Gesellschaft zur Foerderung der |Leader X X X X X
Angewandten Forschung E.V
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Organization Name

AIR

ENG SYS

SAT

ECO2 TE2

15 Leonardo SPA (ex Leonardo-Finmeccanica) Leader X

16 Liebherr Aerospace Lindenberg GmbH Leader X

17 Liebherr Aerospace Toulouse SAS Leader X

18 Liebherr Elektronik GmbH Leader X

19 MTU Aero Engines Ag Leader X

19A | MTU Aero Engines Polska Soo Participating Affiliate X

20 Piaggio Aero Industries Spa Leader X X X X

21 Rolls Royce Plc Leader X

21A | Aero Gearbox International SAS Participating Affiliate X

21B |Rolls-Royce Deutschland GmbH Leader X

21C | KONGSBERG MARITIME CM AS (ex ROLLS- Participating Affiliate
ROYCE MARINE AS)

21D | ROLLS-ROYCE ELECTRICAL NORWAY AS Participating Affiliate

22 SAAB Leader X X

23 | Safran Aircraft Engines Sas (ex SNECMA SAS) | Leader X

23A | Safran Transmission Systems (ex-HISPANO- | Participating Affiliate X
SUIZA SA)

23B |Safran Aero Boosters (ex TECHSPACE AERO) | Participating Affiliate X

24 | Safran Electrical & Power SAS (ex Labinal Leader X
Power systems)

24A | Safran Engineering Services Participating Affiliate X

25 | Safran Helicopter Engines (ex TURBOMECA) |Leader X

25A | Safran System Aerostructures (ex Societe Participating Affiliate X
Lorraine De Construction Aeronautique)

26 | Safran SA Leader X

27 | Safran Landing Systems SAS (ex Messier- Leader X
Bugatti-Dowty)

28 |Safran Nacelles SAS (ex AIRCELLE) Leader X
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Organization Name Participation Status AIR SYS SAT ECO2 TE2

28A | Safran Nacelles Limited Participating Affiliate X

29 |Safran Power Units SAS Leader X

30 |Safran Electronics and Defense SAS (ex Leader X
SAGEM)

31 Thales AVS France SAS (ex Thales Avionics Leader X X
SAS)

31A |Thales UK Limited Participating Affiliate X

32 |Thales Avionics Electrical Systems SAS Leader X

2. Core Partners and Participating Affiliates

Organization Name Participation Status LPA REG FRC AIR ENG SYS SAT | ECO2 TE2
1 ACITURRI ASSEMBLY S.A Core Partner X
2 ACITURRI ENGINEERING SLU Core Partner X
3 Acumen Design Associates Ltd Core Partner X
4 ADVANCED LABORATORY ON EMBEDDED | Core Partner X
SYSTEMS, ALES S.R.L.
5 Aernnova Aerospace SAU Core Partner X X
5A Aernnova Aeroestructuras Alava SAU Participating Affiliate X X
5B Aernnova Composites lllescas SAU Participating Affiliate X X
5C Aernnova Engineering Division SAU Participating Affiliate X X
5D Aerometallic Components SA Participating Affiliate X
5E COMPONENTES AERONAUTICOS COASA, Participating Affiliate X
S.A.
5F Fibertecnic SAU Participating Affiliate X
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Organization Name

Participation Status

LPA

SAT | ECO2 TE2

5G Intec-Air, S| Participating Affiliate X
5H Internacional de composites SAU - ICSA Participating Affiliate X
51 Aernnova Composites SAU Participating Affiliate X
5] Aeromac Mecanizados Aeronauticos SA Participating Affiliate X
6 AERO-MAGNESIUM LIMITED (A.C.S) Core Partner
7 AEROSOFT Core Partner X
8 AEROTEX UK LLP Core Partner
9 AERTEC solutions SL (ex AERTEC Core Partner
INGENIERIA'Y DESARROLLOS SLU)
10 Airsense Analytics GmBH (AIRS) Core Partner
11 Airtel ATN Limited Core Partner
12 Akira Technologies SARL Core Partner
12A Akira MecaTurbines Participating Affiliate X
13 Akzo Noble Car Refinishes BV Core Partner
14 ALMA MATER STUDIORUM - UNIVERSITA Core Partner
DI BOLOGNA
15 ALTRAN Deutschland SAS & Co KG Core Partner
16 ALTYS Technologies SAS Core Partner
17 ANSYS UK LTD Core Partner
18 Diehl Aviation Gilching GmbH (ex Core Partner
APPARATEBAU GAUTING GMBH)
19 ARKEMA FRANCE Core Partner
20 ARTUS SAS Core Partner
21 ASCO Industries N.V. Core Partner
22 BAE Systems Ltd. Core Partner X
23 BARCELONA SUPERCOMPUTING CENTER - | Core Partner
CENTRO NACIONAL DE
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Organization Name Participation Status LPA FRC AIR ENG SYS SAT | ECO2 TE2

SUPERCOMPUTACION

24 BRIGHTLOOP SAS Core Partner X

25 CAETANO AERONAUTIC SA Core Partner X X

25A ALMADESIGN CONCEITO E Participating Affiliate X
DESENVOLVIMENTO DE DESIGN LDA

25B CENTRO PARA A EXCELENCIA EINOVACAO | Participating Affiliate X
NA INDUSTRIA AUTOMOVEL

25C STRATOSPHERE SA (ex CRITICAL Participating Affiliate X
MATERIALS SA)

25D EDISOFT-EMPRESA DE SERVICOS E Participating Affiliate X
DESENVOLVIMENTO DE SOFTWARE SA

25E OPTIMAL STRUCTURAL SOLUTIONS Lda Participating Affiliate X

25F TEKEVER - TECNOLOGIAS DE Participating Affiliate X
INFORMACADO, S.A.

26 Centre Composite SIA Core Partner X

27 CENTRE DE RECHERCHE EN Core Partner X
AERONAUTIQUE ASBL - CENAERO

28 CENTRO ITALIANO RICERCHE Core Partner X X X X X
AEROSPAZIALI SCPA

29 Certia Core Partner X

30 COMMISSARIAT A L ENERGIE ATOMIQUE Core Partner X
ET AUX ENERGIES ALTERNATIVES

31 CORIOLIS COMPOSITE TECHNOLOGIES Core Partner X

32 Coventry University Core Partner X

33 DANOBAT S Coop Core Partner X

34 DEMA SPA - Design Manufacturing SPA Core Partner X

35 DEUTSCHES ZENTRUM FUER LUFT - UND Core Partner X X X
RAUMFAHRT EV

CS-GB- 2019-11-21 WP and Budget 2020-2021 130



Organization Name Participation Status REG FRC AIR ENG SYS SAT | ECO2 TE2
36 DIEHL AEROSPACE GMBH Core Partner X
36A Diehl Comfort Modules GmbH Participating Affiliate X
37 Diehl Aviation Laupheim GmbH (ex DIEHL | Core Partner X
AIRCABIN GMBH)
38 Digital Signal Processing and Control Core Partner X
Engineering GMBH - DSPACE
39 Egile Corporation XXI SL Core Partner X
39A EGILE MECHANICS SL Participating Affiliate X
40 ERNEO Core Partner
41 Eurotech Sp. z 0.0. Core Partner X
42 Fokker Aerostructures B.V. Core Partner X
43A Fokker Elmo BV Participating Affiliate
43B Fokker Engineering Romania Slc Participating Affiliate X
44 Fokker Landing Gear BV Core Partner X
45 Fokker Technologies Holding B.V. Core Partner X X
46 Frequentis AG Core Partner X
46A Mission Embedded GmbH Participating Affiliate X
46B Frequentis France SARL Participating Affiliate X
47 FRIEDRICH-ALEXANDER-UNIVERSITAET Core Partner X
ERLANGEN NUERNBERG
48 Fundacién Andaluza para el Desarrollo Core Partner X
Aeroespacial (CATEC)
49 Fundacidén Centro de Tecnologias Core Partner X
Aeronauticas (CTA)
50 Fundacion para la Investigacion, Core Partner X
Desarrollo y Aplicacion de Materiales
Compuestos
51 Fundacién Tecnalia Research & Innovation | Core Partner X
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Organization Name Participation Status LPA SAT | ECO2 TE2
(TECNALIA)
52 GE Aviation Czech s.r.o Core Partner X
53 GE Aviation Systems Limited Core Partner X X
54 GE AVIO Srl Core Partner X X X
54A AVIO Polska Sp.z.0.0 Participating Affiliate X
54B General Electric Company Polska Sp. Zoo Participating Affiliate X X
55 GE Marmara Technology Centre Core Partner X
56 General Electric Deutschland Holding Core Partner X X X
GmbH (GEDE)
56A Nuovo Pignone SRL Participating Affiliate X
57 Geven Spa Core Partner
58 GKN Aerospace Sweden AB Core Partner X X
58A GKN Aerospace Norway AS Participating Affiliate X
58B GKN Aerospace Services Ltd Participating Affiliate X
59 GMVIS SKYSOFT SA Core Partner X
60 GOODRICH ACTUATION SYSTEMS LIMITED | Core Partner X
60A GOODRICH ACTUATION SAS FRANCE Participating Affiliate X
61 GOODRICH CONTROL SYSTEMS PRIVATE Core Partner X
UNLIMITED COMPANY
62 Hellenic Aerospace Industry SA Core Partner X
63 Honeywell International SRO Core Partner X X
63A Honeywell SAS Participating Affiliate X
63B Honeywell UK (EMS Satcom Ltd UK) Participating Affiliate X
64 IBK-Innovation GMBH & CO. KG Core Partner
65 IMPERIAL COLLEGE OF SCIENCE, Core Partner
TECHNOLOGY AND MEDICINE
66 INASCO HELLAS ETAIREIA Core Partner
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Organization Name Participation Status LPA REG FRC AIR ENG SYS SAT | ECO2 TE2
EFARMOSMENON AERODIASTIMIKON
EPISTIMON EE
67 ITP Industria de Turbo Propulsores S.A. Core Partner X
68A ITP Next Generation Turbines SL Participating Affiliate X
68B ITP Externals SL Participating Affiliate X
69 INEGI - INSTITUTO DE CIENCIA E Core Partner X
INOVACAO EM ENGENHARIA MECANICA E
ENGENHARIA INDUSTRIAL
70 Institut National Des Sciences Appliquées | Core Partner X
De Toulouse
71 INSTITUTO DE SOLDADURA E QUALIDADE | Core Partner X
71A INTERVENCAO EM SAUDE OCUPACIONAL, | Participating Affiliate X
SA
71B DBWAVE.I ACOUSTIC ENGINEERING, SA Participating Affiliate X
72 INSTITUTUL NATIONAL DE CERCETARI Core Partner X
AEROSPATIALE ELIE CARAFOLI - I.LN.C.A.S.
SA
73 SIEC BADAWCZA LUKASIEWICZ- SIEC Core Partner X X
BADAWCZA LUKASIEWICZ INSTYTUT
LOTNICTWA (ex INSTYTUT LOTNICTWA)
74 INVENT INNOVATIVE Core Partner X
VERBUNDWERKSTOFFEREALISATION UND
VERMARKTUNG NEUERTECHNOLOGIEN
GMBH
75 Israel Aerospace Industries Ltd. Core Partner X
76 ITALSYSTEM Core Partner X
77 ESI ITI GmbH (ex-ITI GESELLSCHAFT FUR Core Partner X
INGENIEURTECHNISCHE
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Organization Name

Participation Status LPA

REG

FRC

AIR ENG SYS

SAT | ECO2 TE2

INFORMATIONSVERARBEITUNG MBH)
78 LATELEC Core Partner X
78A Latecoere Participating Affiliate X
79 LORTEK S COOP Core Partner X
80 M&S Engineering Sk sro Core Partner X
81 Magnaghi Aeronautica Spa Core Partner X X
82 MANUFACTURE FRANCAISE DES Core Partner X
PNEUMATIQUES MICHELIN
82A Michelin Espana Portugal SA (MEPSA) Participating Affiliate X
82B Michelin Recherche et Technique SA Participating Affiliate X
83 Meggitt A/S Core Partner X
84 MEGGITT AEROSPACE LIMITED - MPC Ltd | Core Partner X
85 MONTFORT Laser GmbH Core Partner X
85A Naneo Precision IBS Coating Participating Affiliate X
85B Interferenz FWT AG Participating Affiliate X
86 MT-Propeller Entwicklung GmbH Core Partner X
86A Avia Propeller s.r.o. Participating Affiliate X
87 Noesis Solutions NV Core Partner X
88 Nord Micro AG & CO OGH Core Partner X
89 Novotech- Aerospace Advanced Core Partner X
Technology S.r.l
90 OFFICE NATIONAL D'ETUDES ET DE Core Partner X X X X
RECHERCHES AEROSPATIALES - ONERA
91 OFFICINE MECCANICHE IRPINE SRL Core Partner X
92 P.W.Metrol Dabkowski Dariusz Core Partner X
93 Pall Europe Limited Core Partner X
94 PGA Electronic SA Core Partner X
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Organization Name Participation Status LPA REG FRC AIR ENG SYS SAT | ECO2 TE2

95 POLITECHNIKA RZESZOWSKA IM Core Partner X
IGNACEGO LUKASIEWICZA PRZ
96 Politecnico di Milano Core Partner X
97 Politecnico di Torino Core Partner X X
98 Polskie Zaklady Lotnicie sp zoo Core Partner X
99 Protom Group S.p.A. Core Partner X
100 Ramal srl Core Partner X
101 Romaero SA Core Partner X
102 Salver S.p.A Core Partner X
103 SICAMB SPA Core Partner X
104 SIEMENS Industry Software NV Core Partner X X
104A | Siemens Industry Software SAS Participating Affiliate X
104B | Siemens Industry Software SRL Participating Affiliate X
105 SOCIETE NATIONALE DE CONSTRUCTION Core Partner X
AEROSPATIALE SONACA SA
106 STEP SUD MARE Srl Core Partner X
107 Stichting Nationaal Lucht- en Core Partner X X X X X
Ruimtevaartlaboratorium
108 SZEL-TECH Core Partner X
109 TECHNI-MODUL ENGINEERING SA Core Partner X
110 TECHNISCHE UNIVERSITEIT DELFT Core Partner X X X
111 Techno System Development Core Partner X
112 Costruzioni Aeronautiche Tecnam SPA Core Partner X
(TECNAM)
113 Element Materials Technology Seville Core Partner X
S.L.U (ex Testing and Engineering of
Aeronautical Materials and Structures SL -
TEAMS)
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Organization Name Participation Status LPA REG FRC AIR ENG SYS SAT ECO2 TE2
114 THE MANUFACTURING TECHNOLOGY Core Partner X
CENTRE Limited
115 THE UNIVERSITY OF SHEFFIELD Core Partner X
116 Triumph Actuation Systems - UK, Ltd. Core Partner X
117 TTTECH COMPUTERTECHNIK AG Core Partner X
118 ULTRATECH Sp zoo Core Partner X
119 Umbra Group Spa (ex Umbra Cuscinetti Core Partner X
Spa)
120 UNITED TECHNOLOGIES RESEARCH Core Partner X
CENTRE IRELAND, LTD.
121 Universidad Politécnica de Madrid Core Partner X
122 Universita degli Studi di Napoli Federico Il | Core Partner X X X
123 Universita degli Studi di Pisa Core Partner X
124 Universitaet Stuttgart Core Partner X
125 University of Bradford Core Partner X
126 University of Nottingham Core Partner X X X
127 University of Patras Core Partner X
128 Viola Consulting Srl Core Partner X
129 Vrije Universiteit Brussel Core Partner X
130 ZAKLADY LOTNICZE MARGANSKI & Core Partner X
MYSLOWSKI SA
131 ZODIAC AERO ELECTRIC SAS* Core Partner X X
132 ZODIAC AEROTECHNICS SAS* Core Partner X X
132A | Zodiac Cabin Control GmbH Participating Affiliate X
132B | Zodiac Galleys Europe s.r.o.(ex Driessen Participating Affiliate X
Aerospace CZ SRO)
133 SAFRAN CABIN GERMANY GMBH (ex Sell | Core Partner X
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Organization Name Participation Status LPA REG FRC AIR ENG SYS SAT | ECO2 TE2

GmbH)*
134 Safran Cabin Catering B.V. (ex Zodiac Core Partner X X
Aircatering Equipment Europe BV)*

135 TriaGnoSys GmbH* Core Partner X X
136 Safran Seats France (ex Zodiac seats France)* | Core Partner X
* Zodiac Aerospace and its dffiliated companies were acquired by Safran with effect from 13 February 2018. However, the former Zodiac companies selected
by the CS2 JU as Core Partners continue to perform their activities under the LPA IADP and SYS ITD under their status of Core Partners until the end of the
Clean Sky 2 Programme.
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5.3. Annex llI: 11'" call for proposals (CfP11): List and Full Description of Topics

See separate annex reference file CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-
21
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6. LIST OF ACRONYMS

ACARE: Advisory Council for Aeronautics Research in Europe
ATM: Air Traffic Management

CA: Commitment Appropriations

CDR: Critical Design Review

CfP: Call for Proposals

CfT: Call for Tender

CS2 JU: Clean Sky 2 Joint Undertaking

EC: European Commission

ECO: Eco-Design

EDA: Eco-Design for Airframe

GAM: Grant Agreement for Members

GAP: Grant Agreement for Partners

IADP: Innovative Aircraft Demonstrator Platform
ITD: Integrative Technology Demonstrator

IAO: Internal Audit Officer

JTP: Joint Technical Programme

PA: Payment Appropriations

PDR: Preliminary Design Review

QPR: Quarterly Progress Report

SESAR: Single European Sky Air Traffic Management Research
SPD: System & Platform Demonstrator

TA: Transversal Activity

TE: Technology Evaluator

ToP: Type of Action

TP: Technology Products

TRL: Technology Readiness Level

WP: Work Package/work plan
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Annex:
11" call for Proposals (CFP11) -
List and Full Description of Topics

Call Text
R1 [VO]

- 21 October 2019 -
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Important notice on Q&As

Question and Answers will open as from the Call Opening date i.e. on or soon after 14 January 2020
via the Funding & Tender Opportunities Portal of the European Commission.

In case of questions on the Call (either administrative or technical), applicants are invited to contact the
JU using the dedicated Call functional mailbox: email to be inserted once available

Note that questions received up until 13/03/2020, 17:00 (Brussels Time) will be answered after analysis
and published in Q&A when appropriate. In total, three publications of Q/As are foreseen: 14/01/2020,
20/02/2020 and 26/03/2020 (estimated dates).

The Q/As will made available via the Funding & Tender Opportunities Portal of the European
Commission.

CfP11 Information Days

More Information available on the Call and events on the Clean Sky 2 website: www.cleansky.eu

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 2
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List of Topics for Calls for Proposals (CFP11) — Part A

Identification Code [Title Type of Value Topic Leader

Action (Fundingin

ME€)

JTI-CS2-2020-CfP11- |Development of New digital Microphone-MEMS- A 1.40 Airbus
LPA-01-88 Sensors for wind tunnels with open/closed test

sections and flight tests
JTI-CS2-2020-CfP11- |Advanced characterization of friction and surface | RIA 1.10 GE Avio
LPA-01-89 damage for gears running in loss of lubrication

conditions
JTI-CS2-2020-CfP11- |Automated thermography for inspection of IA 0.70 GKN
LPA-01-90 welded safety critical engine components
JTI-CS2-2020-CfP11- |Development and validation of a method to | RIA 0.75 Airbus
LPA-01-91 predict non-linear aerodynamic characteristics of

lifting surfaces with controls
JTI-CS2-2020-CfP11- |Optimization of APU Exhaust Muffler Thermal 1A 0.90 Airbus
LPA-01-92 Barrier and Air Intakes construction Technologies
JTI-CS2-2020-CfP11- |Engine bleed jet pumps continuous behaviour | RIA 0.70 Liebherr
LPA-01-93 modelization
JTI-CS2-2020-CfP11- |Installed UHBR Nacelle Off-Design Performance | RIA 3.00 Rolls-Royce
LPA-01-94 Characteristics.
JTI-CS2-2020-CfP11- |Passive Actuated Inlet for UHBR engine IA 0.80 Airbus
LPA-01-95 ventilation
JTI-CS2-2020-CfP11- |Analytical and experimental characterization of | RIA 2.50 Airbus Defence and
LPA-01-96 aerodynamic and aeroacoustic effects of closely Space

operating propellers for distributed propulsion

wing solutions.
JTI-CS2-2020-CfP11- |Insulation Monitoring for IT Grounded (Isolation | IA 0.70 Rolls-Royce plc
LPA-01-97 Terra) Aerospace Electrical Systems
JTI-CS2-2020-CfP11- [Tooling, Equipment and Auxiliaries for the closure A 1.60 Airbus
LPA-02-33 of a longitudinal Barrel Joint: Butt strap

integration and Lightning Strike Protection

continuity
JTI-CS2-2020-CfP11- [Tooling, Equipment and Auxiliaries for the closure A 1.40 Airbus
LPA-02-34 of a longitudinal Barrel Joint: Overlap joint and

Frame Coupling integration
JTI-CS2-2020-CfP11- |Innovative disbond arrest features for long | IA 0.75 Fokker
LPA-02-35 thermoplastic welded joints
JTI-CS2-2020-CfP11- |Large scale aircraft composite structures recycling | A 1.80 Airbus
LPA-02-36 [ECO]
JTI-CS2-2020-CfP11- |[Thermoplastic fuselage repair process integrated A 0.80 Airbus
LPA-02-37 on manufacturing line
JTI-CS2-2020-CFP11- |Concept for Pilot State Monitoring system 1A 0.80 Honeywell
LPA-03-19 operation in commercial aviation International
JTI-CS2-2020-CFP11-LPA: 16 topics 19.70
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Identification Code

Title

Type of Value
Action (Fundingin
M¢€)

Topic Leader

JTI-CS2-2020-CFP11- |Aerodynamics experimental characterization and | RIA 0.80 Centro Italiano
REG-01-20 new experimental testing methodologies for Ricerca Aerospaziale
distributed electrical propulsion
JTI-CS2-2020-CFP11-REG: 1 topic 0.80
JTI-CS2-2020-CFP11- |Evaluation of NDT Techniques for Assessment of | RIA 0.55 SAAB
AIR-01-46 Critical Process and Manufacturing Related Flaws
and Defects for a Ti-alloy
JTI-CS2-2020-CFP11- |Additive Manufacturing demonstration on test A 0.50 ASCO Industries
AIR-01-47 article for a trailing edge application with a sliding
pad concept
JTI-CS2-2020-CFP11- |Innovative light metallic and thermoplastic A 1.30 Hellenic Aerospace
AIR-03-10 airframe section full scale testing Industries
JTI-CS2-2020-CFP11- |Development and execution of new test methods | IA 0.50 University of
AIR-03-11 for thermoset panel manufactured in an Stuttgart
automated tape layup of dry unidirectional fibres
(UD) or non-crimped fabrics (NCF) and
subsequent infusion
JTI-CS2-2020-CFP11-AlR: 4 topics 2.85
JTI-CS2-2020-CfP11- |Oxygen Absorbing Metal-Air-Batteries for Long | RIA 0.80 Diehl Aviation
SYS-01-22 Term Cargo Compartment Inertisation Gilching GmbH
JTI-CS2-2020-CfP11- |Development of a multi-position valve with 1A 0.50 Safran
SYS-01-23 associated actuator for cargo fire protection
JTI-CS2-2020-CFP11- [Thermoplastic wheel for electrical Environmental 1A 0.75 Liebherr
SYS-02-62 Control System
JTI-CS2-2020-CFP11- |Decentralised HVDC power conversion module | IA 0.75 Airbus
SYS-02-63 for innovative optimised aircraft electrical
network distribution
JTI-CS2-2020-CFP11- |Human Safe HVDC Interconnection components 1A 0.80 Airbus
SYS-02-64
JTI-CS2-2020-CFP11- |Investigation and modelling of hydrogen effusion | RIA 1.00 Liebherr
SYS-03-25 in electrochemically plated ultra-high-strength-
steels used for landing gear structures
JTI-CS2-2020-CFP11- |Replacement of cobalt in Environmental Control A 0.75 Liebherr
SYS-03-26 System bleed valves
JTI-CS2-2020-CFP11-SYS: 7 topics 5.35
JTI-CS2-2020-CfP11- |Airport level assessments for fixed wing aircraft RIA 0.50 DLR
TE2-01-12
JTI-CS2-2020-CfP11- |Airport and ATS Level Assessment for Rotorcraft RIA 0.50 DLR
TE2-01-13
JTI-CS2-2020-CfP11- |Reduction of the environmental impact of | RIA 0.50 DLR
TE2-01-14 aviation via optimisation of aircraft size/range
and flight network
JTI-CS2-2020-CFP11-TE: 3 topics 1.50
CS-GB-2019-11-21 Annex Ill CFP11 WP and Budget 2020-21 5




9

Clean Sky

List of Topics for Calls for Proposals (CFP11) — Part B

Identification Code Title Type of Value
Action (Funding in M€)

JTI-CS2-2020-CFP11-THT-11 High power density/multifunctional electrical energy |RIA 1.20
storage solutions for aeronautic applications

JTI-CS2-2020-CFP11-THT-12  |Advanced High Power Electrical Systems for High RIA 1.00
Altitude Operation

JTI-CS2-2020-CFP11-THT-13 Sustainability of Hybrid-Electric Aircraft System RIA 1.60
Architectures

JTI-CS2-2020-CFP11-THT-14  |Scalability and limitations of Hybrid Electric concepts |RIA 0.80
up to large commercial aircraft

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 6
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C

PART A: Call topics launched within the complementary

framework of IADP/ITD/TA

1. Overview of number of topics and total indicative funding value per SPD

SPD Area No. of topics Ind. topic Funding (in
M¢€)
IADP Large Passenger Aircraft 16 19.70
IADP Regional Aircraft 1 0.80
IADP Fast Rotorcraft 0 0
ITD Airframe 4 2.85
ITD Engines 0 0
ITD Systems 7 5.35
Small Air Transport related topics
ECO Design related topics
Technology Evaluator 3 1.50
TOTAL 31 30.20
2. Call Rules

Before submitting any proposals to the topics proposed in the Clean Sky 2 Call for Proposals, all
applicants shall refer to the applicable rules as presented in the “Bi-annual Work Plan 2020-2021” and

the “Rules for submission, evaluation, selection, award and review procedures of Calls for Proposals”*.

The following additional conditions apply to the calls for proposals launched within the complementary
framework of one IADP/ITD/TA:

1. Inthe light of the specific structure of the programme and the governance framework of the JU,
the specific legal status and statutory entitlements of the “members” of the JU and in order to
prevent any conflict of interest and to ensure a competitive, transparent and fair process, the
following "additional conditions" in accordance with Article 9.5 of the H2020 Rules for
Participation:

e The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and their
affiliates” may apply to Calls for Proposals only in another IADP/ITD where they are not

! These documents are accessible via the Funding and Tender Opportunities Portal.
> See the definition under Article 2.1(2) of the H2020 Rules for Participation

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 7
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involved as Members.
e The Core partners and their affiliates may apply to calls for proposals only in another
IADP/ITD where they are not involved as member.

2. Applicants may apply to calls for proposals if they:
e officially state whether they are an affiliate® to a member of the JU or not;
e Issue a declaration of absence of conflicts of interest®.
These elements shall determine the admissibility of the proposal.

The above additional conditions and the declarations will be checked by the JU which will determine the
admissibility of the proposals. The CS2JU reserves its right to request any supporting document and
additional information at any stage of the process.

Please note that proposals may include the commitment from the European Aviation Safety Agency
(EASA) to assist or to participate in the action without EASA being eligible for funding.

Please note that the provisions under the chapters on “Special skills, Capabilities, Certification expected
from the Applicant(s)” do not constitute additional conditions for participation according to Art. 9(5)

H2020 Rules for Participation.

3. Programme Scene setter/Objectives

In accordance with Article 2 of the COUNCIL REGULATION (EU) No 558/2014 of 6 May 2014° the
Clean Sky 2 high-level (environmental) objectives are:

“(b) to contribute to improving the environmental impact of aeronautical technologies, including those
relating to small aviation, as well as to developing a strong and globally competitive aeronautical
industry and supply chain in Europe.
This can be realised through speeding up the development of cleaner air transport technologies for
earliest possible deployment, and in particular the integration, demonstration and validation of
technologies capable of:
(i) increasing aircraft fuel efficiency, thus reducing CO, emissions by 20 to 30 % compared to
‘state-of-the-art’ aircraft entering into service as from 2014;
(ii) reducing aircraft NO, and noise emissions by 20 to 30 % compared to ‘state-of-the-art’
aircraft entering into service as from 2014.”

These Programme's high-level (environmental) objectives have been translated into
targeted vehicle performance levels, see table below. Each conceptual aircraft summarises the key
enabling technologies, including engines, developed in Clean Sky 2.

® See the definition under Article 2.1(2) of the H2020 Rules for Participation

* As part of the declaration, the legally authorized representative of the applicants entities will be requested to
declare whether the representative(s) of the entity participate to the IADP/ITD steering committees and whether
they representative(s) of the entity was involved in the preparation, definition and approval of the topics of the
calls or had any privileged access information related to that.

°>0JL 169, 7.6.2014, p.77

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 8
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Conceptual aircraft / air transport type Reference a/c*

Advanced Long-range (LR) LR 2014 ref 2030 20% 20% 20% 4
Ultra advanced LR LR 2014 ref 2035+ 30% 30% 30% 3
Advanced Short/Medium-range (SMR) SMR 2014 ref 2030 20% 20% 20% 5
Ultra-advanced SMR SMR 2014 ref 2035+ 30% 30% 30% 4
Innovative Turboprop [TP], 130 pax 2014 130 pax ref 2035+ 19 to 25% 19 to 25% 20 to 30% 4
Advanced TP, 90 pax 2014 TP ref4 2025+ 35 to 40% >50% 60 to 70% 5
Regional Multimission TP, 70 pax 2014 Multi-mission 2025+ 20 to 30% 20 to 30% 20 to 30% 6
19-pax Commuter 2014 19 pax a/c 2025 20% 20% 20% 4-5
Low Sweep Business Jet 2014 SoA Business a/c 2035 >30% >30% >30% 24
Compound helicopter3 TEM 2020 ref (CS1) 2030 20% 20% 20% 6
Next-Generation Tiltrotor AW139 2025 50% 14% 30% 5

*The reference aircraft will be further specified and confirmed through the Technology Evaluator assessment work.

1 All key enabling technologies at TRL 6 with a potential entry into service five years later.

2 Key enabling technologies at major system level. The target TRL indicates the level of maturity and the level of challenge
in maturing towards potential uptake into marketable innovations.

3 Assessment v. comparable passenger journey, not a/c mission.

4 ATR 72 airplane, latest SOA Regional A/C in-service in 2014 (technological standard of years 2000), scaled to 90 Pax.

To integrate, demonstrate and validate the most promising technologies capable of contributing to the
CS2 high-level and programme specific objectives, the CS2 technology and demonstration activity is
structured in key (technology) themes, further subdivided in a number of demonstration areas, as
depicted below. A demonstration area may contribute to one or more objectives and also may involve
more than one ITD/IADP.

Demonstration area

1A Advanced Engine/Airframe Architectures
1B Ultra-high Bypass and High Propulsive Efficiency Geared Turbofans
Breakthroughs in Propulsion Efficiency (incl. Propulsion-Airframe N " "
1c . Hybrid Electric Propulsion
Integration)
1D Boundary Layer Ingestion
1E Small Aircraft, Regional and Business Aviation Turboprop
2A Advanced Laminar Flow Technologies
Advances in Wings, Aerodynamics and Flight Dynamics
2B Regional Aircraft Wing Optimization
3A Advanced Manufacturing
3B Innovative Structural / Functional Design - and Production System Cabin & Fuselage
3C Innovative Solutions for Business Jets
aA Cockpit & Avionics
Next Generation Cockpit Systems and Aircraft Operations
48 Advanced MRO
5A Next-Generation Civil Tiltrotor
Novel Aircraft Configurations and Capabilities -
5B RACER Compound Helicopter
6A Electrical Systems
6B Aircraft Non-Propulsive Energy and Control Systems Landing Systems
6C Non-Propulsive Energy Optimization for Large Aircraft
7A Environmental Control System
Optimal Cabin and Passenger Environment
7B Innovative Cabin P -/Payload Sy
8A Eco-Design
9A Enabling Technologies
Technology Evaluator

The individual topic descriptions provide more detailed information about the link/contribution to the
high-level objectives.

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 9
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4. Clean Sky 2 — Large Passenger Aircraft IAPD

I. JTI-CS2-2020-CfP11-LPA-01-88: Development of New digital Microphone-MEMS-Sensors

for wind tunnels with open/closed test sections and flight tests

Type of action (RIA/IA/CSA): 1A

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 1.1

Indicative Funding Topic Value (in k€): 1400

Topic Leader: Airbus Type of Agreement: Implementation Agreement

Duration of the action (in 30
Months):

Indicative Start Date (at > Q4 2020
the earliest)®:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-88 Development of New digital Microphone-MEMS-Sensors for wind
tunnels with open/closed test sections and flight tests

Short description

The main objective is to develop a novel technology for surface unsteady pressure measurements which
are suitable for arbitrary model/aircraft position (including cockpit area) and with high spatial
resolution. State of the art microphones are too large to capture the unsteady pressure fluctuations
underneath the turbulent boundary layer to predict the cabin noise excitation (especially in regions with
high pressure gradients). MEMS sensors seem to be a good candidate to overcome. State of the art
microphones limitations. This topic aims at developping new digital MEMS based microphones fulfilling
acoustic requirements for wind-tunnels and flight test applications.

Links to the Clean Sky 2 Programme High-level Objectives’

This topic is located in the demonstration area: Advanced Engine/Airframe Architectures

type as presented in the scene setter:

The outcome of the project will mainly contribute | Advanced Long-range
to the following conceptual aircraft/air transport | Ultra-advanced Long-range

Advanced Short/Medium-range
Ultra-advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
Ol Ol X X Ol

® The start date corresponds to actual start date with all legal documents in place.

7 For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 10
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1. Background

Complying with community noise certification rules and cabin noise guarantees while minimizing the

impact on aircraft weight and efficiency is a key objective for people working in the acoustic domain at a

time where environmental requirements are continuously stringing. In this context, accurate prediction

means are necessary to develop well-sized acoustic design solutions. Although significant progress were

made by Airbus in the past years in terms of numerical acoustic modeling capabilities, some important

and complex phenomena at aircraft and engine levels can so far only be tackled by experiments.

Moreover, the models used and their inputs are mostly based on test data coming from wind-tunnel and

flight tests.

During these tests, a large amount of acoustic instrumentation is installed but the current classical

microphones suffer from several drawbacks:

- The height of current microphone is too important generating self-noise of the sensor itself mainly
in the low-frequency area.

- The size of current microphone is too large preventing accurate cross-spectral measurement in high
frequency and a representative measurement of the turbulent boundary layer.

- The price of the sensor preventing a significant increase of sensors which could allow capturing
more added-value data and feeding big data approach.

To overpass these limitations, MEMS microphones seem to be a good candidate as these sensors are

cheap and have a high amplitude and phase accuracy as shown in Figure 1. Moreover, these sensors can

be easily integrated in soft support which can be easily glued on the aircraft (see Figure 2).

frequency response (dB)

o 10* 10
frequency (Hz)

Figure 1: Typical deviation of frequency response of nuemrous MEMS sensors

ESN N, |

Figure 2: Example of microphone array containing 64 sensors.

Nevertheless, the state of the art MEMS microphones have limitations which need to be overcome:
- The maxium sound pressure level which is quite low with respect to the targeted application.

- The sensor dynamics has to be increased (if possible).

- The analogical / numerical conversion has to be done as close as possible from the sensors.

- The sensor integration within the electrical circuit board has to simple and robust

- Once these sensors are integrated, the phase shift between sensors has to be characterised.

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 11
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It is then proposed to study and develop a new acoustic sensor based on MEMS technology which will
fulfill the requirement expressed in Section 2.2.

2. Scope of work

2.1. Objectives
The improvement objectives sought in this topic is the development of a new miniaturized digital

MEMS-Sensors micropohone dedicated to accurate acoustic measurements during wind-tunnel and
flight tests which will allow:

- Increasing the spatial resolution of microphone arrays by reducing the diameter of the microphone
membrane.

- Increasing the sensivity of the microphone to small-scaled pressure fluctuations (e.g. better
measurements of turbulent boundary layer component) by reducing the diameter of the
membrane.

- Extending the application area and the optimization of microphone array for improving low-noise
aircraft design assessment by reducing the cost of one sensor.

- Reducing flight test cost by developing a quick integrated system.

Depending on the feasibility, either one solution addressing both WTT and FT requirements or different

MEMS sensors could be proposed for each application.

The objective of this topic is to mature the development of sensors up to TRL6.
This(ese) microphone(s) will have to be in line with the targeted requirements expressed hereafter.

2.2. MEMS sensor requirements

The following requirements exposed here after are to be considered as the targeted requirements.
Nevertheless, especially when considering the high ambition of these, the applicant(s) are requested to
provide their best envisaged solution (as close as possible to the targets), with identification and
explanations about limitations in case of failure to meet the proposed targets.

To secure the exection of the project, it is proposed to proceed in 2 stages: to start with the less
demanding design, compatible wind-tunnel test application and to continue in a second step to with the
one compatible with flight test application.

2.2.1 Characterisitcs definitions

All comments are with reference to sensors for wind tunnels with open/closed test sections and flight
tests. Unless otherwise stated, only dynamic pressure sensors are considered.

Costs [€/unit]: For measurements in all three environments, the number of sensors is high (100 to 500
and more). Thus, the costs should be as low as possible ( a good target should be < 10€/unit). The costs
also include the durability in terms of robustness to the sensor handling, the robustness to the expose to
overloads and the uncertainty of manufacture (quality of different charges).

Sensivity [V/Pa]: The sensivity is ratio of the analogue output voltage (or the percent of the full scale
output of digital sensors) to the input pressure. As a rule of thumb, a high sensivity (around several 100
mV/Pa and more) is better suited in environments with low and medium sound pressure levels whereas
lower sensitivities (around several mV/Pa) are better suited for high noise environments to avoid
clipping and distortion. Clipping and distortion are considered by the upper dynamic range limitation.
Thus the sensivity is of less importance and is influenced by the dynamic range, the signal to noise ratio
and the general microphone type.

Dynamic Range [dB]: the dynamic range is defined by the upper boundary, the Maximum signal level
and the lower boundary, the Noise floor level. The maximum signal level is most important and defines
up to which sound power level (SPL) the sensor responds linear and shows no clipping which causes

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 12
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distortion. In general the maximum signal level is given by a sound power level value given at a certain
total harmonic distortion (THD) level (usually from 1% to 10%). For our applications in general a THD of
up to 3% can be accepted at very high levels. The needed noise floor level is defined by the lowest level
one wants to measure. It should be considerably below the background noise level in the utilized
environment. The values in the tables are based on integrated rms-value in linear dB.
Signal to Noise ratio [dB]: The SNR is the difference between the noise floor level and the 94 dB SPL
reference. It is not equivalent to the dynamic range. By a wider definition it is the difference between a
given signal and the resulting noise floor. The SNR should be large enough to cover all signals of interest
below a maximum level. Deviating from the 94 dB SPL reference we need to look for the SNR based on a
higher level based on the application. This is because of the high noise floor level of high level sensors
which causes are underestimated SNR if based on the 94 dB SPL.
Frequency response: The frequency response describes the output level across the frequency spectrum,
often normalized to 0 dB at 1 kHz. The manufacturer often gives the Linear Frequency range, where the
maximum deviation from a flat response is a specific maximum (+/- 1 dB to 3 dB). The needed frequency
range is given by the application (in this case the utilized environment: WT open/closed, flight test).
Microphones with a flat response up to very high frequencies (100 kHz, closed test section application)
are expensive. Thus often cheaper sensors are used, where the frequency response drop over e.g. 20
kHz can usually be corrected in the calculation. Here, for example a roll-off above the upper limit of a 20
kHz flat response of -12 dB per octave can be accepted.
Field Type: For precision condenser microphones here a two types of interest for our applications.
Pressure field microphones measure the sound pressure in front of the diaphragm. They are
recommended for measuring in enclosures, cavities and on walls. For our applications they are
recommended for the use as wall-mounted microphones in the closed test section or on the airplanes
surface in a flight test. Free-field microphones measure the sound pressure at the diaphragm and
correct the sound pressure of an incoming wave (0° incidence) as if the microphone is not present. They
are for use in anechoic chambers, or in larger open areas where free-field conditions can be assumed.
For our applications they are recommended for measuring in wind tunnels with an open test section,
where the test section is embedded in an anechoic chamber.
For small sensors, such as MEMS microphones, the field type is of less importance due to the negligible
interaction of the sensor with the acoustic waves. This is restricted to wavelengths significantly larger
(app. 4 times) than the sensor measures. Here these sensors have approximately an omnidirectional
directivity.
Phase accuracy: The phase accuracy between sensors is of highest importance. The individual phase
response to a reference can be quantified by measurements and then be considered in the analysis.
Nevertheless, small standard deviations of all individual phase responses are preferable.
Further requirements: Depended on the application here are more important requirements. They are
briefly summarized in the following. If a requirement is of high importance for the application on wind
tunnels with open test sections, on wind tunnels with closed test section or on flight tests, it will be
further detailed in the corresponding chapter.
- Stability to temperature / static pressure
Microphone dimensions
o Height (Installation issues)
o Diameter
o Sensitive Surface
- Mounting: For microphones exposed to the wind the mounting influences the wind induced self
noise, the separation between acoustic and boundary layer and the correlation of the acoustic
signals between the microphones. Therefor bottom port MEMS microphones are preferred. The
pinhole (sound channel) should be short to avoid acoustic resonances.
- Robustness to external noise
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o PSRR (power supply rejection ratio)
o EMS (electromagnetic) noise rejection
- Weather resistance (flight)
o Temperature/humidity constraints
o Time stability
- Physical robustness
o Of handling
o tooverloads
- Cables and Connectors
o Resistance to environmental disturbances
o Cable shielding
- Vibrational sensitivity
- Position of pressure equalization vent
- Output format (analogue, digital (data format, spectra, time, etc.))
Important note: Even if all above stated requirements are fulfilled, most important is the cross
correlation of the “wanted signal” between the sensors under real operating conditions of industrial
equipment. Here, next to the robustness to external noise etc. the interaction between the mounting
concept and the sensor itself is qualified.

2.2.2 Sensor specifications

2.2.2.1 General requirements

Criterion Wind tunnel Wind tunnel Fligh test
test test application
application application
Open test Closed test
section section
Airframe noise application Dynamic Min 0 30 45
Range [linear dB ref. 210° Pa] Max 140 150 145
(integrated rms value)
Rotor/Fan noise application Min 30 30 45
Dynamic Range [linear dB ref. 2110®° Pa] | Max 170 170 175
(integrated rms value)

Frequency Response [Hz] +/-3dB 100 - 35000 | 100 - 100000 40 - 10000
(see footnote 8 and remarks) -12dB/oct.® | 500 - 50000 n/a n/a
Signal to Noise ratio below 120 dB [dB] 90 90 70
Temperature range [°C] Min -50 -20 -65
Max 70 70 30
Ambient pressure stability range [Pa]’ Min 99000 99000 22000
Max 102000 102000 (not 102000

pressurized)

500000

(pressurized)

® Roll-off above the upper limit of a 20 kHz flat response.
° For measurements in closed test sections with additional static pressure, see section Error! Reference source not

found.
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Criterion Wind tunnel Wind tunnel Fligh test
test test application
application application
Open test Closed test
section section
Humidity stability range [%] Max 50 50 Up to 100%
Pressure equilization vent Individual Individual
front vented front vented
Environment statbility Water proof
/ ice / cloud
Thickness / Height 1 mm 1 mm 1 mm
Extra requirements:

Pressurized tunnel:

If the sensor should be used in wind tunnels with a pressurized test section (Reynolds number), an
additional resistance of up to additional 5 kPa should be taken into account. It should be noted that this
has got a significant influence on the frequency response.

2.2.2.2 Extra requirements for wind-tunnel test

General microphone type: Because of the wall mounting it should be a pressure field sensor.

Height: if used inside a array frame, limits the minimum thickness of the array (max. 2mm)

Diameter: limits the minimum distance between microphones (max. 10 mm)

Mounting:

Pressure resistance: If the sensor should be used in pressurized environments, an additional resistance
of up to additional 5 kPa should be taken into account. It should be noted that this has got a significant
influence on the frequency response.

Physical robustness: resistance to damage caused by shock etc. caused by transport of the array
Seeding: The sensor should be physical robust to standard PIV seeding particles (DEHS, soap bubbles)

2.2.2.3 Extra requirements for flight test

Diameter: limits the minimum distance between microphones (max 5-10mm);

Mounting: influences strongly the separation from boundary layer and the cross-correlation between
the microphones

Physical robustness: resistance to damage caused during exterior installation and to harsh conditions
present during flight test: very high subsonic speeds, rainfall, and the possibility of ice formation

Cable shielding: Cables must be shielded off from electric noises possibly caused due to the power
supply on board the airplane or other electric systems

Sensitive Surface: The expected size of the pressure fluctuations in the boundary layer is small.
Therefore the sensitive surface is to be reduced to a minimum by appropriate measures.

2.3. Sensors integration

Once this new MEMS sensor will be developed, the integration of these sensors on electronics circuit
have to be looked at. Indeed, electronics integration could induce phase shift between sensors which has
to be eradicated in order to perform valuable cross-spectra measurements. All the performance
deviations linked to the integration on electronics circuit have to be minimized and assessed.

2.4. Sensor qualification
Once the sensor will be developed and integrated, the main characteristics of the sensors and its
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integration will have to be demonstrated first during laboratory tests and then on real applications. For
wind-tunnel tests and flight tests, some specifics slots could be proposed by the topic manager to
execute these tests. The consortium will have just to ensure the support for these tests and to take into
account the constraints coming from such tests.

For the validation, the protocol will have to be discussed and agreed with the topic manager.

3. Major Deliverables/ Milestones and schedule (estimate)

*Type: R= Report, RM= Review Meeting, D=Data, HW=Hardware

Deliverables

Ref. No. | Title - Description | Type* Due Date

Step 1: Wind tunnel (WT) test application

01 Partner contribution detailed description Report TO+3
(content, deliverables, planning)

02 Final specifications of the WT sensor Report + Decision gate TO+3

03 Choice of the solution for WT and validation plan | Report + Decision gate TO+6

04 MEMS prototype for WT sensor Specimens TO+10

05 Validation of the WT sensor in laboratory Test Report + TO+12
conditions compliance

06 Validation of the sensor in wind-tunnel Test Report + TO + 18
conditions compliance

Step 2: Flight test (FT) application

07 Final specifications of the FT sensor taking into Report + Decision gate TO + 18
account results from laboratory tests

08 Choice of the solution (unique or several) and Report + Decision gate TO+ 20
validation plan

09 MEMS prototype for FT sensor Specimens TO+22

10 Validation of the FT sensor in laboratory Test Report + TO + 26
conditions compliance

11 Validation of the sensor in flight tests conditions | Test Report + TO + 28

compliance

Final deliverable

12 Final MEMS sensor(s) design ready to Report + specimen TO+ 30
industrialize (TRL6)

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential: sound technical knowledge in the following areas:
=  Electronics
=  MEMS acoustic sensor
= Acoustics measurements

5. Abbreviations

MEMS Micro-Electro-Mechanical Systems
TBL Turbulent Boundary Layer
WTT Wind Tunnel Test

FTD

Flight Test demonstration
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Il. JTI-CS2-2020-CfP11-LPA-01-89: Advanced characterization of friction and surface damage

for gears running in loss of lubrication conditions

Type of action (RIA/IA/CSA): RIA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 1.1

Indicative Funding Topic Value (in k€): 1100

Topic Leader: GE Avio Type of Agreement: Implementation Agreement
Duration of the action (in 30 Indicative Start Date (at > Q4 2020

Months): the earliest)'’:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-89

Advanced characterization of friction and surface damage for gears
running in loss of lubrication conditions

Short description

The optimization of the lube system and sump layout in next generation geared turbofans is key to
reduce weight and complexity, while ensuring reliability. This topic aims at maturing up to TRL3
configurations in which the auxiliary or secondary oil system is not necessary to survive off-design
requirements. It is requested to investigate the major drivers of frictional heating and surface damage
on gears running in off-design conditions, to identify solutions providing abatement to the risk of
damage on gear surfaces and to demonstrate such technologies and solutions on component test, such
as power circulating rigs, running in representative aeroengine conditions.

Links to the Clean Sky 2 Programme High-level Objectives

This topic is located in the demonstration area:

Ultra-high Bypass and High Propulsive Efficiency
Geared Turbofans

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport
type as presented in the scene setter:

Advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

1% The start date corresponds to actual start date with all legal documents in place.
" Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

Within the “Common Technology Bricks for Future Engines” activity in LPA Platform 1, a range of
technologies are developed that are key elements of more than one future engine configuration.

These technologies are matured at sub-system level, and since they mandatory for a number of
exploitation routes, they are also referred to as enabling as well as transversal technologies.

Many studies are ongoing to drive the developoment of new engine architectures (e.g. geared solutions)
for EIS in 2030+, able to increase the thermodynamic cycle efficiency. In this context, one of the key
enabler to support these solutions is the power gearbox that will be required to be very efficient, light,
compact and reliable. Power gearboxes, typically included in this new geared engine solutions, are being
studied estensively, but their behaviour in off-design conditions (e.g. temporary loss of lubrication,
windmilling) is still to be understood and auxiliary and/or secondary lubrication systems are needed for
safety, reliability and operability.

lubricant lubricant ——

(a) (b)

Pictorial representation of solid material contact with full lubrication (a) and boundary/starved lubrication (b).
Condition (b) may lead to material scoring/damage.

Lubrication system optimization and power gearbox characterization in off-design conditions, main
topics of this Call for Proposal, have been considered as fundamental technologies to be improved to
match these goals. Loss of lubrication (e.g. negative-g, windmilling) is responsible for gears scoring and
possibly bearings scoring (if roller bearings are used). To survive off-design conditions, auxliary or
emergency systems are used, so that the lubricant is provided by a second system that intervenes
whenever the first one is not working. Such systems entail more complexity and weight, thus resulting in
a downgrade of performance and more fuel burnt.

New technologies, coming either from lubrication system design, gearbox housing and/or sump design,
gears and bearings design and new materials, may be enablers to reduce fluid systems complexity and
weight.

This proposal is aimed to study these enabling technologies, including characterization, design and
demonstration.

2. Scope of work

The applicant is asked to study the friction behaviour of contacting material under lubricated and non-
lubricated conditions, with loads, speeds and characteristics related to aeronautical gears and bearings.
Friction characterization shall be performed via experimental testing on TRL2 rig, related results shall be
accounted for to design gears optimized to run in off-design conditions (e.g. loss of lubrication) and the
design shall be validated on a TRL3 rig.

The project is composed of four main tasks:

T1 — State of the Art
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The applicant shall review the state of the art regarding friction behaviour of gears and bearings,
including empirical 0D models, semi-empirical 1D models, numerical 3D models, experimental
campaigns up to TRL4 rigs. The applicant shall derive lessons learnt and best practices for
designing/adapting/modifying a TRL2 rig to perform the activity of task 2, as well as the most suitable
numerical tool to be used as predictor and post-processor for the experimental results of task 2 and task
4 and for accomplishing the design activity of task 3.

T2 - Friction Characterization through experimental campaign TRL2 rig
The applicant shall characterize the frictional behaviour of different materials experiencing load and
speed conditions typical of aeronautical gears and bearings (indications will be provided by the Topic
Manager). Contacts shall be investigated in lubricated conditions and in off-design conditions
(temporary absence of lubrication, permanent absence of lubrication, dry) and effect of several
parameters shall be identified, namely load, sliding speed, rolling speed, roughness, material type and
others.
In order to accomplish this task, a dedicated rig shall be designed and procured. Furthermore, Test
Articles (T/As) shall be designed and procured. The task is therefore composed of the following sub-
tasks:

e TRL2 rig design (e.g. disk machine)

e T/As design

e TRL2 rig and T/As procurement

e Experimental Activities

e Post-processing

The TRL2 rig shall — at least — comply with the following high-level requirements:

e The rig shall simulate the contact between sliding materials

e The rig shall be capable of testing with different materials and geometry characteristics (radius
of curvature)

e The rig shall be capable of measuring the frictional loss in an accurate way

e The rig shall be capable of providing normal contact load up to 1E6 N/m, or alternatively a
contact pressure up to 2000 MPa

e The rig shall be capable of simulating rolling speeds up to 100 m/s and sliding speed up to 50
m/s (100 m/s nice to have)

e The rig shall be capable of providing lubrication with different lubricants, with a pressure range
of 0 to 10 bars and with a temperature range of 40 °Cto 180 °C

e The rig shall be capable of handling lubricant flow in transient phases, i.e. having valve and
accessory provisions

e The rig shall be capable of telemetry

e The rig shall comply with European and local regulations, EHS regulations and any other
regulation required for running experimental activities of rotating/moving parts

An example of such kind of TRL2 rig is a disk-machine rig.

After rig and T/A design, rig and T/A procurement, the applicant shall propose a test campaign to be
agreed with the topic manager. The test campaign shall at least include sensitivities of the following
parameters: T/A geometry, T/A material, contact load, rolling speed, sliding speed, lubricant flow,
lubricant type, lubricant temperature, lubricant starvation up to dry conditions. Pre-test predictions
shall be performed with the tool(s) selected in task 1 and results shall be post-processed the same way.
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T3 - Gear Design Optimization for Off-Design Conditions
The applicant shall leverage from the friction characterization performed in task 2 to derive solution for
aeronautical gear design optimization for coping with off-design conditions. Solutions can also be
related to passive lubricant system provisions that enables the run-out of the off-design conditions. The
applicant shall provide solutions/lines-of-sight addressing the following macro-topics:

o Geometry

e Material (including roughness)

e Operating Conditions

e Passive Lubrication

T4 - Design and Technology Validation of Proposed Solution through experimental power rig test
campaign TRL3

The applicant shall validate the solutions envisaged in task 3 on a TRL3 power test rig, via an extensive
experimental campaign. Gears provided with the design solutions identified in task 3 shall be designed
and procured by the applicant, as well as lubricant system solutions for off-design conditions.

In order to accomplish the validation, a dedicated TRL3 power test rig shall be used, either designed and
procured by the applicant or adapted by the applicant.

The TRL3 rig shall — at least — comply with the following high-level requirements:
e The rig shall run with spur gears or bi-helical gears (fixed center-distance is acceptable)
e The rig shall be capable of measuring the frictional loss in an accurate way
e The rig shall be capable of same operating range as TRL2 rig
e The rig shall be capable of telemetry
e The rig shall comply with European and local regulations, EHS regulations and any other
regulation required for running experimental activities of rotating/moving parts

After rig and T/A design, rig and T/A procurement, the applicant shall propose a test campaign to be
agreed with the topic manager. The test campaign shall at least include sensitivities of the following
parameters: T/A geometry, T/A material, contact load, rolling speed, sliding speed, lubricant flow,
lubricant temperature, lubricant starvation up to dry conditions. Pre-test predictions shall be performed
with the tool(s) selected in task 1 and results shall be post-processed the same way.

The above-mentioned requirements will be fixed in more details during the partner agreement phase.
This will also include the IP-process.

Tasks

Ref. No. | Title — Description Due Date

T1 State of The Art TO+2

T2 Friction Characterization through experimental campaign TRL2 rig TO+14

T3 Gear Design Optimization for Off-Design Conditions TO + 17

T4 Design and Technology Validation of Proposed Solution through TO + 30
experimental power rig test campaign TRL3

Schedule for Topic Project (Level 2 Gantt):
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YEAR 1 YEAR 3
ACTIVITIES M1 ‘ MZ‘ M3 ‘ Ma | M5 ‘ M6| M7‘ M8 ‘ M8 ‘Mm‘mu‘mu Ml‘ M2 ‘ M3 | MA‘ M5 ‘ MS‘ m7 ‘ MS‘ M9 ‘Mm‘mu‘mz M1 ‘ M2 | MS‘ M4 ‘ ME‘ M6
v V[R2] V[r3] V[ra] VIRs] AL
TASK1 [State of the art AT [ [ [ [ T T T T T T T T T T T T T T T T T T T T T
TRL2 Rig and T/A Design |
TASK 2 [TRL2 Rig and T/A Procurement |
Testing Activity and Post-Pracessing
Gear Design Optimization | —L
TASK 3 D3
Passive Lubrication Technology Identification | .
T/A Design (gears) D4.1
Taska [[/AProcuren .
TRL3 Rig Design&Procurement/Adaptation
Testing Activity and Post-Processing

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. | Title - Description Type* | Due Date

D1 State of The Art — State of the art reporting, including experimental | R TO+2
and numerical activities performed in the past

D2 Friction Characterization through experimental campaign TRL2 rig — | R, D TO+ 14

Report with rig and T/A design description, experimental campaign,
data and post-process

D3 Gear Design Optimization for Off-Design Conditions — Report | R TO + 17
containing description of gear design optimization solutions and
alternative lubrication solutions for off-design conditions

D4.1 Design and Technology Design — Report containing details of gear | R TO + 20
proposed design
D4.2 Validation of Proposed Solution through experimental power rig test | R, D TO + 30

campaign TRL3- Report containing description of TRL3 rig, testing
activities, data and post-process

Milestones (when appropriate)

Ref. No. | Title - Description Type* Due Date

R1 Kick Off - Agreement on detailed spec & Overall plan Meeting TO+1

R2 TRL2 rig and T/A design review R, Meeting TO+4

R3 TRL2 Rig Test Design Review — Review of proposed test, risks, R, Meeting TO+ 10
instrumentation

R4 T/A Design Review (for TRL3 rig) R, Meeting TO+ 20

R5 TRL3 Rig Test Design Review — Review of proposed test, risks, R, Meeting TO + 26
instrumentation

R6 Closure Meeting — Final Results, Outcomes Meeting TO + 30

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

= Extensive and proven experience in friction generation modelling

=  Proven experience in gears design

=  Proven experience in fluid-dynamics topics

= The applicant needs to demonstrate to be in the position to have access to the test facilities TRL2
required to meet the topic goals or to have design and procurement capabilities.
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=  Experience in rig design and supply chain management (for T/As procurement and relative
measurements & inspections)

=  Experience in aerospace R&T and R&D programs, program management

= Applicant needs to demonstrate to have access to TRL3 rig, or design and procurement capabilities.

=  Proven experience of gear testing, including instrumentation, rig handling and dynamics capabilities

5. Abbreviations

CAD Computer Aided Design

CFD Computational Fluid Dynamics

EIS Entry Into Service

JU Joint Undertaking

IADP Integrated Area Development Program
LPA Large Passenger Aircraft

LPS Low Pressure System

TA Test Article

TRL Technology Readiness Level
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. JTI-CS2-2020-CfP11-LPA-01-90: Automated thermography for inspection of welded safety
critical engine components

Type of action (RIA/IA/CSA): IA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP1.1.3

Indicative Funding Topic Value (in k€): 700

Topic Leader: GKN Type of Agreement: Implementation Agreement
Duration of the action (in | 24 Indicative Start Date (at > Q4 2020

Months): the earliest)':

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-90 | Automated thermography for inspection of welded safety critical
engine components

Short description

Thermography has a potential to increase probability of detection of defects as well as enhance
accessibility for fast, automated non-destructive evaluation of aero engine components. This project
aims at developing full-scale thermography inspection of near surface defects very small defects on
welded and machined engine frames.

Links to the Clean Sky 2 Programme High-level Objectives

This topic is located in the demonstration area: Advanced manufacturing

The outcome of the project will mainly contribute | Advanced Long-range

to the following conceptual aircraft/air transport | Ultra-advanced Long-range

type as presented in the scene setter: Advanced Short/Medium-range
Ultra-advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

2 The start date corresponds to actual start date with all legal documents in place.

3 For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 23



9

Clean Sky

1. Background

The Open Rotor Engine architecture with its inherent high v :
effciency due to the high propulsive efficiency may be a ‘
game changing concept for environmentally friendly
aviation. In the previous Clean Sky project, an Open Rotor
engine was developed and tested in full scale, see Fig 1. The
test succesfully proved reduced fuel consumption and low
noise emission.

Open rotor engine designs rely on large diameter propeller
stages being mounted into the rotating core of the engine
without having an outer containmnet case to catch blades
or any debris in the even of failure, therefore the rotating
hub is a safety critical module. For the specific design of the
open rotor engine in Fig 2, the rotating frame modules have
internal flow passages to allow for the hot core engine gas
stream to exit which makes the geometry complex. This _ :
geometrical complexity has resulted in a design consisting of At TR A
several subcomponents integrated into a weld assembly. !
Welding is a critical process which needs to be mastered
together with subsequent post processing and non-
destructive testing (NDT). This research topic adresses the
development and adoption of automated active
thermography to improve the probability of detection of
defects generated or appearing in the welding process.

S P | ) 2 4 B

Figure 1. Engine test in Clean Sky

The current state of art approach to ensure defect — , ==
free structures is by inspection with radiography for
volumetric defects and fluorescent penetrant
inspection (FPI) for surface defects. The drawback
with FPI is that it relies on manual inspection for
finding and classifying defects. By the introduction
of thermography with and adding secondary sensor
information it is anticipated that the surface
inspection will become quicker and generate a
higher probability of detection of defects.
Therefore this piece of research is considered as a
critical enabling technology brick for future open
rotor architectures

This CfP topic aims at demonstrating TRL5 for surface defect detection, characterization and localisation
on raw and ground but-welds - both for in-process control and for final inspection and quality
acceptance. The material is Alloy 718 and the prime welding method is laser welding with TIG welding as
secondary option. It is foreseen that the system will need to operate with secondary sensor system(s)
for added redundancy and/or to distinguish between false positive indications — such as oxides,
variations in weld surface geometry or reflections — and true indications. This is to overcome the
difficulties of surfaces with varying optical properties — reflecting or not - and the very small defects that
need to be found - for instance sub-mm closed cracks.

For final inspection, the NDT system is intended to assist the operator in making the final accept/not
accept decision based on defect type classification and sizing. The project will conclude by a

Figure 2. A rotating frame
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demonstration of the process’ applicability on a relevant demonstrator component to prove accessibility
and time for inspection. It is foreseen that the technology demonstrator comprises an industrial scale
manipulator with developed tools to achieve robust data acquisistion during the inspection process. The
sensory system including the developed active thermography system will need to follow the part surface
and demonstrate robust capability during full inspection sequence.

On the way towards final demonstration, justification of probability of detection of defects must be
generated with smaller samples with pre-fabricated and real
defects with known properties such as type, location and size.
The method capability estimation will follow the required
methodology for aerospace inspection of components designed
with respect to damage tolerance. The assesment of the method
may include artificially introduced defects but must also provide a
guantitative estimation on performance on realistic defects
including surface breaking weld porosity and narrow linear
defects such as solidification and liquation cracking that can occur
in welding of nikel based super alloys.

The work is proposed to go through the following steps:

1. Definition of process and inspection requirements and
method capability assessment together with Topic Manager

2. Identification of NDT system — Thermography, Imaging
technology, Automation, Secondary sensors, Data analysis
and Defect classification software. This activity should
evaluate the whole technology application scope of welding
methods, raw or ground weld seam, in-process or final
control. The assessment should be quantitative and assess
geometrical accessibility, time of execution and probability of
detection — preferably by simulation and proof of concept
validations.

3. Development and verification of sub-systems on realistic
industrial level. Key process variables are clearly
demonstrated at this stage and critical requirements
determined. The results in this step will provide a process
parameter space within which the process is intended to

operate.
4. Probability of Detection quantification on test samples. The
capability assessment to estimate the probability of detection
) . ) ] super alloy sectors (as above)
is planned together with Topic Manager. The assessment will welded together. Size is typically
validate the capability within the valid process parameter 25 cm in all dimensions.
space and sensitivity to critical functionallity will be
demonstrated. It is anticipated that simple test objects will be used for the purpose. As such it is not
anticipated that method capability will be demonstrated on real parts including defect distribution.
5. Final demonstration on a relevant component — the component will be supplied by the topic
manager.

Figure 3. The final demonstrator
will probably consist of two

The research aspects of the proposed topic are threefold and they are all related to aspects of the
development of thermography for surface inspection of welds:
e The active thermography is applied as an nondestructive evaluation method on a welded surface
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which contain natural geometrical variations, oxides, discolourations. The variation of surface
emissivity in combination with high thermal conductivity, will pose a challenge to resolve large
temporal and spatial thermal gradients to discriminate minute defects. The anticipated adoption of
a secondary sensor system that is deployed simultaneously to improve probability of detection of
true defects is seen as being beyond current state of art.

e The capability of active thermography must be demonstrated within the framework of probability of
detection with relevant defect characteristics such as short and narrow cracks.

e The thermography inspection technology needs to be demonstrated on relevant component and
key process variables verified within the parameter space within which probability of detection is
estimated.

To further emphasise the need for advanced research it is proposed to include modelling of the physics
involved to strengthen the understanding of the phenomena and to validate these models by for
instance measurements quantifying detection differences between artificial and real defects. A
theoretical and model based approach is also needed to identify how the critical discrimination between
acceptable surface conditions and defects should be assessed as well as understanding the limitations
for near surface defects.

The project output will be a realistic component demonstration with quantified capability estimation
and understanding of key process variables and requirements.

2. Scope of work

Tasks
Ref. No. | Title — Description Due Date
1 Process and inspection requirements M6

- Definition of process requirements and validation plan documented. This
should be done in discussion with the Topic Manager.

- System and testbed for lab scale tests identified

- Plan for manufacture and definition of test pieces for concept evaluations
and probability of detection assessment

Output 1 — List of requirements and Validation plan

Output 2 — POD samples defined

2 Identification of NDT system M10

- NDT system is designed, built and commissioned and critical
functionalities tested.

- Strategy to handle false/positive indications is tested and compared to
theory and possibly simulations.

Output 1 - List of key process variables and documented assessment of their

influence on inspection process metrics.

Output 2 — Description of defect classification strategy and system intended to

reduce false indications.
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Ref. No. | Title — Description Due Date
3 Development and verification of sub-systems M14
- Sensory system development and integration on robotic manipulator.
- Development of monitoring features and verification principles for key
process variables
- Verification of the sub-system may partly be done with, or supported by,
simulation methods.
Output 1 — Sub-system verification on samples with needed monitoring
system to ensure that the process is operated within the design space of key
process variables to ensure that the process requirements are fulfilled.
4 Probability of Detection quantification on test samples M18
- The probability of detection assessment is executed.
- Influence on defect types and reliability within process parameter space
validated and documented.
The test specimens should be acquired by the CfP consortium. The majority of
the specimens can be made in welded or forged sheet Alloy 718 but cast and
AM material forms should also be included in the experiments as well as at
least one alternative super alloy. It is anticipated that in total 40
representative, well known, realistic defects will be the minimum to gain
statistical confidence for POD within the valid process window.
Output 1 — POD curve with estimation of a90/95 flaw size and receiving
operator characteristics curve
Output 2 — Estimation of capability difference between real and artificially
introduced defects
5 Final demonstration M22
- Inspection system prepared and executed for component process
validation. Of specific interest for the final demonstrator is to quantify
accessibility limitations and process execution times — including time for
classification of defects.
The demonstrator hardware will be supplied by the Topic manager.
Output 1 - Inspection process demonstration and quantification of
accessibility limitations and process execution times.
Output 2 — Results, conclusions and lessons learned summarized
3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware
Deliverables
Ref. No. Title - Description Type* | Due Date
D1 Detailed project plan R M2
D2 System requirements and test plan documented R M4
D3 Sensory system specification w. KPVs R M8
D4 Technical report on system to reduce false indications R M10
D5 Experimental design for POD assessment R M12
D6 Sub-system verification report D,R M13
D7 POD curves reported D,R M20
D8 Lessons learned from component demonstrator R M24
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Milestones (when appropriate)

Ref. No. Title - Description Type* Due Date

M1 Review of validation plan R M4

M2 Review and approval of NDT system proposal R, HW M6

M3 Review of plan and HW for POD assessment R M10

M4 POD samples ready HW, D M14

M5 POD Curves calculated from inspection data D,R M18

M6 Thermography system experiment conducted on the component HW, R M22
demonstrator

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

FPI

The consortium should previously have demonstrated active thermography applied for
nondestructive evaluation of metallic surfaces with sub-mm defects.

Extensive experience and laboratory resources including sensory and heat excitation equipment for
active thermography including also industrial robots for sensory system manipulation.

Experience and tools for modelling and simulation of thermal diffusion and optical interaction on
metalic surfaces

NDT knowledge of Aerospace requirments for critical part inspections including inspection method
capability assessments using probability of detection methodology.

Experience from industrial thermography used for non-destructive evaluation.

Abbreviations

Fluorescent Penetrant Inspection

NDT Non Destructive Testing
KPV Key Process Variable
POD Probability of Detection — A methodology to quantitatively estimate the capability of an

NDE method under specific circumstances including equipment and procedure.

TRL5 Technology Readiness Level 5 — Basic prototype validated in relevant environment:

- Realistic versions of the proposed technology are tested in real-world or near real-world
conditions, which includes initial integration at some level with other operational
systems.

- Testing is conducted to understand the significance of any variation, on the
technologies ability to meet the product requirements.
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IV. JTI-CS2-2020-CfP11-LPA-01-91: Development and validation of a method to predict non-

linear aerodynamic characteristics of lifting surfaces with controls

(in Months):

the earliest)'*:

Type of action (RIA/IA/CSA): RIA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 1.2

Indicative Funding Topic Value (in k€): 750

Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action | 24 Indicative Start Date (at | > Q4 2020

Topic Identification Code

Title

JTI-CS2-2020-CfP11-LPA-01-91

Development and validation of a method to predict non-linear
aerodynamic characteristics of lifting surfaces with controls

Short description

The purpose of this research proposal is to develop numerical methods for the prediction of the non-
linear aerodynamic characteristics of lifting surfaces, of the type used in the tails of commercial aircraft.
The maximum lift coefficient of the lifting surface, including deflected controls, is of interest for the
design of efficient empennages and a rapid means to estimate this parameter is required. The methods
to be developed will be calibrated and validated using a systematic series of wind tunnel tests of several
models covering a wide range of planform parameters, with and without simulated ice shapes.

Links to the Clean Sky 2 Programme High-level Objectives™

This topic is located in the demonstration area:

Enabling Technologies

The outcome of the project will mainly contribute to
the following conceptual aircraft/air transport type
as presented in the scene setter:

Advanced Long-range
Ultra-advanced Long-range
Advanced Short/Medium-range
Ultra-advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol Ol ] Ol

" The start date corresponds to actual start date with all legal documents in place.
' For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

Work Package 1.2 is devoted to the development of concepts, enabling technologies and capabilities for
the design and manufacture of the optimum rear fuselage and empennage for the next generation of
commercial aircraft.

The Advanced Rear End (ARE) concept, developed in WP1.2, aims at the integration of conceptual and

aerodynamic design, structural and systems architectures, materials technologies and industrial

processes to help achieve new standards in economic, environmental and manufacturing efficiency and
flexibility.

A demonstrator of an Advanced Rear End will be developed and tested. This research topic will

contribute to defining the optimal configurations that will allow to:

o Deliver the following performance improvements at component level with respect to the 2014 short
range reference aircraft: 20% Weight reduction, 20% recurring costs reduction, 50% Lead time
reduction

e Reduce the fuel burn at aircraft level by 1.5% stemming from the previous goals

e Deliver Digital Mock-Ups and Technical Definition Dossiers of an integrated Advanced Rear End

2. Scope of work

In order to fulfil the objectives laid out in the previous section, the following lines of work will be carried

out in this proposal:

- Low speed wind tunnel testing of a systematic series of lifting surfaces covering a wide range of
planform parameters, leading edge shapes and control deflections, with and without simulated ice
shapes. The purpose of the series of tests is to generate a database of aerodynamic characteristics
that will be used for the development, calibration and validation of numerical methods. The effect
of a smooth adaptation of the control surface based on a morphing solution will also be tested.

- Development of a low order method for the prediction of the maximum lift coefficient and control
hinge moment of any lifting surface within the range of parameters covered by the systematic series
of geometries tested in the wind tunnel.

- Development of calibration methods for high order CFD analysis in order to extend the prediction of
the maximum lift coefficient and hinge moment of tail surfaces to an arbitrary Reynolds number.

It is not sought to create a surrogate model just based on an interpolation approach. The goal of this

research project is to develop a low order numerical method based on physical phenomena as far as

possible and which may include small correction factors to match the results of the wind tunnel tests of
the systematic series.

In the context of this project, the “order” of a method refers to its sensitivity to the detail of the analysis

model. A “low order, physics based” method uses relatively simple mathematical models of the flow

behaviour (for example, vortex lattice or panel methods) and is not too sensitive to the details of the
geometry. The sought method must contemplate, however, the aerofoil shape and the Reynolds
number of operation, possibly through surrogate models based on 2D physics based analysis.

On the other hand, “high order” methods refer to traditional CFD tools based on the Navier-Stokes or

Lattice Boltzmann equations. These approaches require a geometric definition with a high level of detail

and accuracy which is normally not available during the initial design phases, when the tail surfaces are

being sized.

The performance improvement objectives sought in the Clean Sky 2 project call for a departure from the

conventional empennage configurations and technologies that constitute the state of the art in aircraft

design. An “Advanced Rear-End” component for the next generation of ultra-efficient aircraft might
consist of a very compact rear fuselage and tail surfaces with planforms significantly different to those
used in current practice in terms of their aspect or taper ratios and sweep angle.
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The existing methods used in the initial sizing of the empennage rely on semiempirical approaches
based on historical data. This prevents an effective exploration of the full design space currently enabled
by the advent of novel structural, control and aerodynamic technologies, or of configurations oriented
to the reduction of production costs.

The following sections detail the lines of work proposed in order to accomplish the overall goals of this
project.

2.1 Efficient Generation of a systematic series of geometries to span a wide design space of tail

surfaces

A systematic series is a sample of a design space spanned by a reduced number of parameters which

covers the behaviour of all possible configurations within that space. In this project, the sample consists

of a number of well-defined trapezoidal planforms, where variations of the following key parameters

are to be considered:

- Aspect ratio (defined as span*span/reference area)

- Taper ratio (defined as the ratio of the tip chord to the root chord of the supporting trapezoid of the
planform)

- Sweep angle (defined as the angle between a reference line at the 25% of the planform chord line
and a normal to the plane of symmetry of the aircraft)

Additional important parameters of a lifting surface are its dihedral angle and its size, normally given by

its reference area. The geometries under study will have no twist. In this project, the area of the surface

shall be made as large as possible —within the limits of the wind tunnel- in order to maximise the

Reynolds number.

- RANGE OF VARIATION OF
PLANFORM PARAMETERS A
- Sweep @25%chord: -40 deg to 40 S e 4 e

Tip chord

WT Boundary

deg
- Aspect Ratio: 3.5 to 7
- Taper Ratio: 0.2 to 1
- Dihedral: 0 deg to 45 deg

WT Boundary

Root chord

Figure 1 Planform definition of a trapezoizal lifting surface and wind
tunnel constraints

Finally, the complete definition of the aerodynamic surface requires the specification of at least one
aerofoil section. In this project, 3 aerofoil sections with round leading edge and one with a sharp leading
edge will be studied. The sections will be provided by the Topic Manager and will be defined so that
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modular manufacturing is possible by replacing a leading edge module extending up to the 30% of the
local chord.

The effective selection of the elements of the systematic series to cover the design space of trapezoidal
tail surfaces is a critical decision as it will affect the cost of the wind tunnel testing. It is the responsibility
of the applicant to define a strategy to create the systematic series that minimises cost and time while
guaranteeing that the design space is effectively covered in terms of aerodynamic behaviour. The
boundaries of the design space are defined in figure 1;

It must be noted at all times that in order to obtain a valid reference for the maximum lift coefficient,
the aerofoil sections perpendicular to the nominal plane of chords must be the same in all the models
under test.

2.2 Smart design and manufacturing of modular wind tunnel models

In order to reduce the cost of production of the wind tunnel models as well as the generation of
consistent low and high order aerodynamic analysis models, a “smart” approach is sought, relying on a
parametric CAD geometric model capable to automatically export analysis models, including controls
deflected, and to capture the key characteristics of each planform to enable the generation of models
suitable for manufacturing. Of particular interest is the automatic generation of CFD meshes in order to
expedite the numerical calculations.

2.3 Low speed wind tunnel testing
The wind tunnel models shall be tested at low speeds (see requirements in section 5) in order to obtain
the following responses:

3m (min,)

e
Ly

SN
E
<0

Figure 2 Minimum Wind Tunnel dimensions and speed

2.3.1 For each of the 4 aerofoils, with and without ice shapes:

A. With zero dihedral angle

- Boundary layer transition line at zero angle of attack and no control deflection. The location of the
transition line is required in order to validate the transition criteria used in the aerodynamic
calculations of the 2D section used to feed the numerical method. Infra-red thermography methods
are recommended in order not to spoil the boundary layer behaviour.

- For a range of static deflection angles of the control surface between -35 deg and 35 deg, the
relation of the following forces and moments with respect to angle of attack shall be measured
(referred hereafter as the full set of aerodynamic characteristics):

o Surface lift and drag (and derived coefficients)
o Surface “pitching” moment around its aerodynamic centre
o Hinge moment of the control surface
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- Determination of the hinge moment coefficient, lift versus angle of control deflection and maximum
lift coefficient for a range of frequencies of oscillatory control deflection at zero angle of attack
reaching no less than a frequency of 2 Hz.

B. For arange of dihedral angles between 0 deg and 45 deg, with and without ice shapes:

- For each planform tested; relation of lift and pitching moment versus angle of rotation about an axis
normal to the nominal plane of symmetry of the aircraft with no deflection of the control surface.
The determination of the ice shapes will build on the work performed within ARE_Cfp10, where these
shapes will be obtained numerically. The shapes can be built using 3D printing technologies and installed
at the leading edge of the surfaces. The liaison between the two projects, if necessary, will be provided

by the topic manager.

2.3.2 For each of the 4 aerofoils on a reference planform with a morphing trailing edge adaptation:
With zero dihedral angle and the segment of trailing edge with morphing technology (to be provided by
the Topic Manager), obtain the full set of aerodynamic characteristics of the lifting surface with and
without ice shape on the leading edge. The reference planform shall have an aspect ratio of 5 (referred
to a symmetric surface), taper ratio of 0.4 and sweep angle (@25% of the chord) of 30 deg.

2.3.3 Model tolerances

All wind tunnel models shall comply with the following geometric tolerances:

- Shape deviation with respect to the nominal definition : +- 0.2 mm

- Surface roughness Ra: <0.2um up to 30% of the chord, then <1um

- Step at 30% of the chord (modular joint) : 0.1 mm max.

- Model deformation from nominal shape at 50 m/s and 10 deg of angle of attack: less than 25mm at
the tip

2.4 Development of a low order method for the prediction of the non-linear aerodynamic
characteristics of lifting surfaces

The main objective of this project is to develop a numerical method to predict the relevant aerodynamic
characteristics for any trapezoidal planform of a tail surface, including the deflection of the controls, in
order to allow the efficient and effective exploration of the design space during the preliminary sizing of
aircraft.

Given the intended application, the prediction method needs to execute in a very short time (in the
order of a few seconds on a desktop computer) so that optimization methods can be applied. The
method needs to be sensitive to trapezoidal planform parameters, dihedral and control deflection
angles, aerofoil shape, Reynolds number and the presence of a nominal ice shape on the leading edge.
The method shall also be sensitive to the shape of the fuselage —a simplified model is acceptable- and
the wing downwash —which is expected to be calculated including wake relaxation.

The requirement to capture the aerofoil effect on the maximum lift characteristics excludes statistical or
response surface approaches given the large dimensionality of the design space of aerofoils. Therefore,
the method, although of “low order”, needs to be based on physical responses. It is suggested that the
problem is decomposed into a purely 2D analysis to predict aerofoil characteristics and a classical 3D
low order method corrected to take into account viscous, sweep and dihedral effects.

In the most general case of application, the aerofoil characteristics may be available from either wind
tunnel testing or obtained using high order CFD calculations. Thus, the decoupling between the 2D and
3D problems will allow the use of previously existing high quality aerofoil data, or to perform ad-hoc
parametric studies on the aerofoil characteristics.

The calculation of non-linear characteristics (in particular, onset of break-away from linear behaviour,
maximum lift coefficient and corresponding angle of attack and, ideally, an indication of the post-stall
behaviour) shall also be performed with controls deflected.
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2.5 Development of a methodology to extend the numerical prediction of non-linear aerodynamic
characteristics to an arbitrary Reynolds number

The design of lifting surfaces for large aircraft requires the use of aerodynamic data at Reynolds
numbers corresponding to the real surface size and aircraft flight speed.

It is generally impractical to obtain these characteristics using only wind tunnel testing and, therefore,
there is a need for a reliable methodology to extrapolate the low speed wind tunnel test results to flight
conditions.

The applicant is expected to perform the calibration of the high order CFD analysis of the geometries
tested in the wind tunnel in order to match the experimental results at low Reynolds number. Then, the
high order method shall be run at a Reynolds number corresponding to flight conditions and the results
obtained shall, in turn, be used to extend the low order method to an arbitrary Reynolds number
(always at Mach numbers below 0.3, as a reference).

INNOVATION VALUE AND GENERATION OF KNOWLEDGE

This project explores three main innovation dimensions:

- Development of novel numerical methods for the prediction of non-linear aerodynamic
characteristics of lifting surfaces and control hinge moments.
Theoretical aerodynamic analysis around the stall is a difficult problem, particularly if it is required
that the methods used are based on simplified geometries and that the analysis executes in times
compatible with the needs of the preliminary design phases. There are known methods applicable
to straight wings (see NACA report No 865), but these fail when the lifting surface has any significant
sweep angle.
The topic of prediction of stall characteristics of swept wings is being researched actively at present,
with less than satisfactory results (see “A new non-linear vortex lattice method: applications to wing
aerodynamic optimizations”, Gabor, Botez and Koreanschi, Chinese Journal of Aeronautics,
Aug2016, “Sweep effects on non-linear Lifting Line Theory near Stall”, Gallay, Ghasemi, Laurendeau,
AIAA SciTech 2014, “Improved Stall Prediction for Swept Wings Using Low-Order Aerodynamics”,
Hosangadi, Paul, Gopalarathnam, AIAA 2015. “Nonlinear vortex lattice method for stall prediction”,
Hasier Goitia Hernandez, Raul Llamas Sandin, EASN Conference, Athens 2019).
The methods to be developed in this project will enable to perform multidisciplinary planform
optimization of lifting surfaces with maximum lift constraints, which is a problem currently out of
the reach of industry.

- Generation of a database of aerodynamic characteristics of lifting surfaces covering a wide range of
design parameters.
A robust aerodynamic database is essential to validate and calibrate aerodynamic methods,
particularly in the non-linear regime.
There is a notorious shortage of information on experimental results on the aerodynamic
characteristics of planforms of unusual proportions. One of the few references is NACA TN2445,
written in 1951 but even this lacks much of the information which will be generated in this project.
Using the smart approach for the simultaneous geometry and mesh generation, to be developed in
this project, it will be very simple to compare experimental and theoretical results on exactly the
same geometry, removing uncertainties and making the calibration process very robust.

- Development of a methodology for the extrapolation of non-linear aerodynamic characteristics of
lifting surfaces to an arbitrary Reynolds number.
The aerodynamic prediction methods, although validated with tests at low Reynolds numbers, need
to be accurate at flight Reynolds numbers. In this project, a methodology will be developed, using
calibrated high fidelity CFD, to extend the applicability of the wind tunnel results to flight conditions,
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covering also an existing technology gap.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware, RM = Review meeting, SW=Software

The main deliverables of this project are:

- Generation of a systematic series of geometries covering a wide design space of tail surfaces

- Manufacture and dynamic characterization of low cost modular wind tunnel models based on the
above geometries (determination of the moment of inertia, friction and damping coefficients of the
control surface)

- Aerodynamic testing of the modular models and data processing

- Development of a theoretical low order, physics based model for the prediction of non-linear
characteristics of the tail surfaces spanned by the design space covered by the systematic series,
including hinge moments

- Development of a calibration method to adjust high order CFD models to obtain non-linear
aerodynamic characteristics of tail surfaces matching the WTT results of the systematic series and a
method for Reynolds extrapolation

- Adjustment of the low order physics based model to match the results of the wind tunnel tests and
development of an extension methodology for an arbitrary Reynolds number so that the proposed
theoretical model can be used for the preliminary sizing of tail surfaces

- Overall conclusions and recommendations

Deliverables

Ref. No. Title - Description Type* Due Date

ARE_C11 01 Partner contribution detailed description (content, Report TO+3
deliverables, planning)

ARE_C11_02 Design of Wind Tunnel Model completed Report and TO+6

specimens

ARE_C11_03 Wind Tunnel Testing report Report TO+ 12

ARE_C11 04 Theoretical report on the low order numerical method Report TO + 12

ARE_C11 05 Intermediate reports on numerical methods; calibration | Report TO + 18
and validation

ARE_C11 06 Final report Report TO + 24

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:
= Advanced geometric modelling
= CFD analysis
= Low speed Wind Tunnel Testing
— Wind Tunnel Model design and build. In-house model manufacturing and modification
capability
— Excellent mechanical design capability applied to aeronautical projects. Knowledge of design
standards, materials and tolerancing.
= Demonstrated mechanical design capability to design and manufacture mechanisms and sensors for
wind tunnel or mechanical testing.
= Use of the following equipment for aerodynamic analysis and testing:
— High Performance Computing (HPC) and state of the art CFD solvers, preferably open
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source.
— Testing facilities for the dynamic characterization of the control surfaces (preferably in
vacuum), e.g., damping and moment of inertia
— Shape and roughness verification methods to guarantee that the models are manufactured
within the stated specifications.
— Low speed wind tunnel with the following characteristics:

* test section dimensions : 2m (minimum) in the span direction by 3m (minimum) in
the complementary direction, in order to reduce wind tunnel blockage when the
lifting surface is at very large angles of attack (e.g. around 40 deg.).

*  minimum test speed 50 m/s,

*  Wind Tunnel model used by applicant shall have a turbulence level <0.25% and
uniformity > 99%, to be clearly demonstrated in the proposal.

* Measurement means, preferably optical, to verify that the model deformation
under aerodynamic load is within the stated tolerances in 2.3.3

» force balances to measure lift, drag and yawing and hinge moment (at least), even
in dynamic (oscillatory) conditions of the control surface

* surface flow visualisation

* infra-red thermographic cameras with enough sensitivity to detect boundary layer
transition in air (or equivalent, non-intrusive, means)

Advantageous:
= Particle Image Velocimetry equipment
=  Pressure Sensitive Paint

5. Abbreviations

CFD Computational Fluid Dynamics
CDR Critical Design Review

HPC High Performance Computing
LE, TE Leading Edge, Trailing Edge
VTP Vertical Tail Plane

WTT Wind Tunnel Testing

ARE_CfP10 JTI-CS2-2019-CfP10-LPA-01-80 “Rear fuselage and empennage shape optimization
including anti-icing technologies”
deg. degrees (sexagesimal)
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JTI-CS2-2020-CfP11-LPA-01-92: Optimization of APU Exhaust Muffler Thermal Barrier and
Air Intakes construction Technologies

Type of action (RIA/IA/CSA): IA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 1.2

Indicative Funding Topic Value (in k€): 900

Topic Leader: Airbus Defence and | Type of Agreement: Implementation Agreement
Space

Duration of the action | 24 Indicative Start Date > Q4 2020

(in Months): (at the earliest)™:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-92 Optimization of APU Exhaust Muffler Thermal Barrier and Air

Intakes construction Technologies

Short description

The purpose of this research topic is to develop :

- A new basic thermal barrier concept to be used in Exhaust Muffler that can be used in rear end
fuselage or in other parts of the Aircraft where a power unit might be installed.

- A new basic materials construction concept to be used in Air Intakes that can be used in rear end
fuselage or in other parts of the aircraft.

Air Intakes and Exhaust Mufflers are parts of the system installation required for air breathing engines

(such as an Auxiliary Power Unit) or other Aircraft systems. These parts provide a flow path for the

external air needed, as well as the exhaust gas path. They provide other functions such as fire barrier

(meet Fire Proof requirements according AC 20-135), noise attenuation and thermal insulation.

Links to the Clean Sky 2 Programme High-level Objectives’

This topic is located in the demonstration area: Cabin & Fuselage

The outcome of the project will mainly | Advanced Long-range
contribute to the following conceptual | Ultra-advanced Long-range
aircraft/air transport type as presented in the | Advanced Short/Medium-range

scene setter: Ultra-advanced Short/Medium-range
With expected impacts related to the Programme high-level objectives:
Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X U X O Cd

'8 The start date corresponds to actual start date with all legal documents in place.

7 For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Background

Work Package 1.2 is devoted to the development of concepts, enabling technologies and capabilities for
the design and manufacture of the optimum rear fuselage and empennage for the next generation of
commercial aircraft.

The Advanced Rear End (ARE) concept, developed in WP1.2, aims at the integration of conceptual and
aerodynamic design, structural and systems architectures, materials technologies and industrial
processes to help achieve new standards in economic, environmental and manufacturing efficiency and
flexibility.

A demonstrator of an Advanced Rear End will be developed and tested. This research topic will
contribute to defining the optimal configurations that will allow to:

o Deliver the following performance improvements at component level with respect to the 2014
short range reference aircraft: 20% Weight reduction, 20% recurring costs reduction, 50% Lead
time reduction

e Reduce the fuel burn at aircraft level by 1.5% stemming from the previous goals.

e Deliver Digital Mock-Ups and Technical Definition Dossiers of an integrated Advanced Rear End.

Within this framework, WP1.2.4 intends to develop Systems Integration innovative solutions, as the
systems installed in the rear end require a level of optimization, where new integration and installation
by means of new materials are crucial. Development of bricks that enable new installation solutions will
not only improve systems integration, but improve overall structural efficiency and environmental
challenges.

The purpose of this topic is to identify, investigate and quantify new materials that can be used in the air
intake and the exhaust muffler of an installed engine. Current concept of fire barriers, acoustic
treatments and thermal insulation are based on long term existing solutions (proven thermal barriers,
acoustic liners and thermal blankets). New materials as well as new build up concepts can provide
innovative solutions for these specific applications.

2. Scope of work

The performance improvement objectives sought in the Clean Sky 2 project call for a departure of the
conventional empennage configurations and technologies that constitute the state of the art in aircraft
design.

An “Advanced Rear-End” component for the next generation of ultra-efficient aircraft will incorporate
systems installation in the rear fuselage(e.g. Power Unit, air compressors for the air
systems).Configurations that include propulsion in the rear end are not part of the analysed
configurations, but this solution would be an enabler for such architecture.

The state of the art is based on proven concepts that provide both functionalities of fire barrier and
noise reduction by stainless steel external cover and an acoustic metallic liner such as FELTMETAL™ for
Muffler Exhaust and by a sandwich construction of Steel or CFRP, an acoustic liner (metallic felt metal
and honeycomb) for Air Intakes. This concept has not had any significant evolution in the last aircraft
programs, and existing designs have room for improvements and innovation.

This topic seeks to explore design methods for the synthesis of a potential candidate concept of an
advanced rear-end component which will become the baseline configuration of the next family of
commercial aircraft.
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Exhaust Muffler component.
In order to fulfil the objectives laid out in the previous section the following lines of work will be covered
in this proposal:

Definition of Exhaust Muffler thermal barrier, which is used to insulate Exhaust Muffler from the
rest of rear fuselage in terms of temperature, noise etc.

Definition of a structural fire barrier capable to withstand typical loads for such component based
on existing applications.

Development of an acoustic treatment that is capable to provide noise reduction from the
equipment that is located forwards (in this case an engine that produces jet noise). As an
orientation, noise levels of existing applications as well as noise reduction targets will be used as
reference.

Construction of samples of this material assembly that will be used for Validation and Verification of
a proof of concept.

Up scaling of the component taking into account a larger installation that includes complex
geometries.

Air Intake component
In order to fulfil the objectives described in the previous section, the following activities are defined in
the frame of this topic

- Definition of Air Intake ducting arrangement, which is used to provide air from the exterior
of the aircraft to an Air Breathing engine or a Compressor

- Definition of a structural fire barrier, capable to withstand at the same time the loads that
such a component might encounter, based on existing applications.

- Development of an acoustic treatment that in combination to the fire barrier is capable to
provide noise reduction, from the equipment that is located behind (in this case a
compressor). As an orientation, noise levels of existing applications will be used as well as
noise reduction targets.

- Construction of a sample of this material assembly that will be used for Validation and
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Verification of a proof of concept.
- Upscaling of the component, taking into account a larger installation that includes complex
geometries.

Functional requirements.

Muffler Exhaust - Functional requirements / Materials definitions (Layers and construction).
In a first approach, the project seeks the definition of the material(s) to be used as well as its
construction in order to meet the functional requirements for an Air Exhaust Muffler application:

=  Fire Proofness: the material shall be able to withstand the fire proof requirements in accordance
with CS25 subpart J Fire protection.

= Noise attenuation: the material will provide noise attenuation for a range of frequencies
between 100 Hz and 1 kHz seeking for a noise reduction of 15dB attenuation.

=  Drainage

=  Weight: as an estimation, the target surface density of the new materials (as it is intended to be
used in ducting) will be below 1,0 gm/ cm?

= Reparability / Damage tolerance

=  (Capability to sustain direct lightning effects

A design concept will be prepared for a PDR with the use of simulation techniques or other analysis to
substantiate the validation of the design.

Just for reference, the current principal configuration of an APU Exhaust Muffler is composed by:
= Shells of stainless steel (Corrosion resistance steel CRES)
= Muffler cavities
=  Metallic acoustic liner such as FELTMETAL™

Thermal Blankets

Muffler Assy

Figure 1 — Typical APU muffler components

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 40



9

Clean Sky

Figure 2 — Typical thermal blanket for exhaust mufflers

Air Intake - Functional requirements / Materials definitions (Layers and construction).
In a first instance of the project, the definition of Materials to be used as well as its construction in order
to meet the functional requirements is needed for an air intake application:

Fireproof: the material shall be able to meet the Fire proof requirements in accordance with
AC20-135

Noise attenuation: the material will provide noise attenuation for a range of frequencies of
600Hz to 10KHz seeking a noise reduction of 30dB.

Toxicity: in case of fire, the materials shall meet the Toxicity requirements in accordance with
the following table:

Gas Products \ Maximum Concentration combustion gas (ppm)
HCN 150
co 1000
NO/NO2 100
SO2/H2S 100
HF 100
HCL 150

Drainage Capability: The ducting shall be capable to evacuate the presence of any fluids. In case
of fluids retention, it must provide means to evacuate them as the accumulation of hazardous
guantities of flammable fluid might cause a fire hazard.

Weight: as an estimation, the target surface density of the new materials (as it is intended to be
used in ducting) will be below 0,6 gm/ cm®

In addition to these requirements, it will also be evaluated:

Ice Formation: the materials used will incorporate passive or active methods to reduce ice
formation.

Reparability / Damage Tolerance: in case of damages in the material (FOD or Maintenance)
containment of the damage, variation of properties and reparability will be evaluated.

A design concept will be prepared for a PDR where the use of simulation techniques or other analysis to
substantiate the validation of the design.

C5-GB-2019-11-21 Annex Ill CFP11 WP and Budget 2020-21 41



9

Clean Sky

Figure 4 Example of Air intake ducting

Construction of prototype samples.

This activity will carry out the actual build/assembly of the material in order to perform verification
and testing in a later phase. The build/assembly of the proposed material samples will be covered in
a detail building instruction including the materials used as well as any adhesive or surface
treatment used in the preparation. As an example, samples of 30 cm x 30 cm are used for fire
testing purposes.

Testing of Samples.
In terms of materials qualification, in a first approach, a pyramid testing philosophy is followed.
In this phase, testing of elements seeking a basic characterisation of the material to be used is
envisaged.
The following tests are proposed:
o Fire testing according to AC20-135
o Acoustic Testing
o Drainage Testing
In order to limit the amount of coupons to be tested, any testing that has already been performed
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by the applicant can be used as evidence for this phase (similarity approach).
major test
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Figure 5 — Basic materials qualification pyramid

It is considered of great interest that simulation technics are used prior to the test to validate the
design. Although the final tests are the only acceptable means of compliance, the use of simulation for
validation purpose can reduce the number of tests. A later correlation of simulation cases versus testing
can fine tune the modelling and be a candidate a means of compliance for future designs.

Based in the material properties and behaviour identified in the previous sections, a preliminary design
of an exhaust muffler duct will be developed. This design must take into account the manufacturing
process allowing the upscaling of the muffler production to the required rates.

The capability to manufacture the new part, as well as economic factors such as time and cost are also
quite relevant. An analysis of the manufacture of the part is considered as quite relevant, as well as the
capacity to repair it.

Manufacturing of the components:

The capability to manufacture the new part, as well as economic factors such as time and cost are also
quite relevant. An analysis of this capability to manufacture the parts is considered as quite relevant, as
well as the capacity to repair it (minor or complex repairs).

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware, RM = Review meeting, SW = Software

Deliverables
Ref. No. Title - Description Type* Due Date
01 Partner contribution detailed description (content, Report TO+3
deliverables, planning)
02 Materials Build up construction Proposal. Report / TO+6
It includes the definition of the new material and how this Specimens
solution provides a response to the functional requirements.
A two-step approach to identify a candidate solution can be
considered (i.e. PDR-CDR).
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Deliverables

Ref. No. Title - Description Type* Due Date

03 Validation and Verification Plan (Including modelling and test | Report and | TO+9

plan) tools

04 Validation Models of Test Specimens (fire) Report TO+ 12

05 Qualification Tests Procedure Report TO + 15

06 Qualification Tests Results Test Report | TO + 18

07 Validation and Verification Summary Report TO + 22

08 Manufacturing dossier Report TO + 22

09 Validation Models of Test Specimens (additional features) Reportand | TO + 22
tools

10 Final report, conclusions and recommendations Data and TO+24
Report

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

=  Thermal barrier modelling, analysis and optimization.

= Thermal design and manufacturing capabilities.

=  Acoustic modelling, analysis and optimization.

=  Acoustic design and manufacturing capabilities.

=  Fire thermal Testing: APU exhaust Muffler applications.
=  Acoustic Testing: APU exhaust Muffler applications.

= Excellent mechanical design capability applied to aeronautical projects. Knowledge of design

standards, materials and processes.

= Demonstrated mechanical design capability to design a new APU exhaust Muffler concept.

5. Abbreviations

AC Advisory circular
APU

Auxiliary Power Unit

AMC

Alternative Means of Compliance
CDR

Critical Design Review
CFRP

Carbon Fiber Reinforced Plastic
FAA

Federal Aviation Administration
PDR

Preliminary Design Review
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WP

Work Package
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VI.  JTI-CS2-2020-CfP11-LPA-01-93: Engine bleed jet pumps continuous behaviour
modelization
Type of action (RIA/IA/CSA): RIA
Programme Area: LPA
(CS2 JTP 2015) WP Ref.: WP 1.5.2
Indicative Funding Topic Value (in k€): 700
Topic Leader: Liebherr Type of Agreement: Implementation Agreement
Duration of the action 24 Indicative Start Date (at | > Q4 2020
(in Months): the earliest)*®:
Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-93

Engine bleed jet pumps continuous behaviour modelization

Short description

The objective of this topic is to gain knowledge on physics involved inside jet pumps, and in particular to
develop representative dynamic continuous behavior 1D models. Partners will have to develop such 1D
models with a high level of representativity in transition phases between the different operating modes.
In order to feed and tune these 1D models, the partners will have to perform CFD and physical testing.

Links to the Clean Sky 2 Programme High-level Objectives™

This topic is located in the demonstration area:

Ultra-high Bypass and High Propulsive Efficiency
Geared Turbofans

The outcome of the project will mainly
contribute to the following conceptual
aircraft/air transport type as presented in the
scene setter:

Advanced Short/Medium-range
Advanced Long-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

'8 The start date corresponds to actual start date with all legal documents in place.
' Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

In the frame of LPA Platform 1 WP1.5.2, the topic manager studies innovative bleed concepts for Ultra-
High Bypass Ratio (UHBR) engine severe environment. This new generation of engines gives rise to new
challenges specifically on bleed systems. It is essential today to develop new technologies enabling
lowering bleed working temperature and reducing the size of the pre-cooler, for integration purpose. A
promising solution is a mixing system using a jet pump which will also allow reducing the total intake on
the engine and thus reducing fuel consumption.

Indeed, in order to take benefit of the dynamic air (pressure and flow), some new bleed architectures
include a jet pump: this equipment takes into account the available amount of motion. Air entrainment
is performed by viscosity.

comvergent | // - | {
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[ =———————— )r"f_’, e = ' :
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The present Topic objective is to focus on the modelling of the jet pumps. Several geometries will be
specified by the Topic Manager at the beginning of the project.

Basic modelling of jet pump is well described in the literature, and well known for the normal operating
phases. The aim of this project is to establish a robust, efficient and accurate model taking into account
the whole operational envelop with a strong focus on transition phases. These studies can be carried out
by CFD analysis or nodal approaches.

Nevertheless, to perform a complete system analysis (integrated equipment in static and dynamic
studies), it is essential to identify and modelize:

- the transition phases (between two operating modes);

- the off-design modes (reverse flow or pressure, zero flow condition).

The different operating and off-design modes to be considered are:
- secondary flow induced by primary flow,
- primary flow without secondary flow,
- secondary flow without primary flow,
- reverse flows,
- no flow conditions.

2. Scope of work

As of today, only static behaviour of a jet pump can be predicted in OD-1D. To be able to introduce such
a technology in an innovative bleed system, it is necessary to be able to predict its behaviour during
transitory phases “continuously”, between all the operating modes, to be able to build its control laws.

The studies will be split in static and dynamic analysis based on a number of tests defined through
Design of Experiment (DoE) methodology and performed on a minimum of three (3) different

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 47



prototypes. Air supply test conditions will be under high pressure (up to 5 bars) at a temperature up to
200°C with rapid pressure variation (e. g. going from 2 to 4 bars < 1s).

Typically, mixing diameter for jet pump is ranging from 35 mm up to 100 mm depending on the
application. Flange will be ranging from 2 to 6 inches in diameter, length from 350 mm up to 1 meter.

The following task structure is proposed.

Tasks

Ref. No. Title — Description Due Date

WP1 Jet Pumps behavior static analysis

WP1.1 CFD static analysis for each operating, off-design modes and TO+6M
transitions

WP1.2 DoE testing on instrumented prototypes - Static TO+8M

WP1.3 OD-1D Modelling TO+10M

WP2 Jet Pumps behavior dynamic analysis

WP2.1 CFD analysis for transition phases (between two modes) TO+12M

WP2.2 DoE testing on instrumented prototypes - Dynamic TO+16M

WP2.3 OD-1D Modelling TO+20M

WP3 Jet Pumps modelling validation

WP3.1 OD-1D Static Validation TO+12M

WP3.2 OD-1D Dynamic Validation TO+24M

WP1 Jet pump behavior static analysis

WP1.1 CFD static analysis for each operating, off-design modes and transitions: In order to establish the
operating modes modelling in static conditions, CFD analysis must be performed on different
geometries that will be provided by the Topic Manager at the beginning of the project. This study must
cover all operating and off-design modes previously detailed. Moreover, the transition phases between
the different operating modes will require a large number of static calculations to better understand the
behavior during these phases.

CFD results will be compared to tests results obtained in WP1.2.

WP1.2 DoE testing on instrumented prototypes — Static: Based on Topic Manager Specification, the
partners will have to manufacture different jet pumps prototypes. DoE shall be established based on the
following parameters: primary and secondary flows inlet pressures and temperatures; back pressure.
Prototypes will then be tested against the defined DoE.

WP1.3 OD-1D Modelling: Based on the CFD results, a first static 0D-1D analytical model will be
developed. The Multiphysics platform Dymola shall be used to develop specific modules with Modelica
language.

The topic manager will provide its own libraries to the partners so that they can build the jet pump
model.

In a second step, to derive an efficient and robust numerical model, surrogate modelling methodologies
shall be used such as Response Surface Methodology (RSM) or new data analytics methodology such as
deep learning.
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WP2 Jet Pump behavior dynamic analysis

WP2.1 CFD analysis for transition phases (between two modes): Jet pumps are to be used in bleed
systems to be controlled by the Topic Manager in closed loop conditions (temperature, flow and
pressure). Hence, dynamic jet pumps analysis is also necessary (0D system model/CFD coupling; 0D
system model could be provided by the Topic Manager). The static CFD analysis has to be
complemented by a dynamic CFD study to cover transient conditions, for the different geometries
provided by the Topic Manager.

WP2.2 DoE testing on instrumented prototypes - Dynamic: DoE shall be established based on the
following parameters: primary and secondary flows inlet pressures, as functions of time, for fixed
temperatures; back pressure as a function of time. Prototypes manufactured in WP1.2 will then be
tested against the new defined DoE.

WP2.3 OD-1D Modelling: By using the same approaches followed for static conditions (WP1.2), a 0D-1D
dynamic model will be established. In particular, the transient model shall be validated in term of
accuracy, robustness and computational time. The bleed system tests scenarii will be provided by the
Topic Manager covering the whole operating envelop and modes.

WP3 Jet Pumps modelling validation

WP3.1 OD-1D Validation: To finalize the static approach, the calculation results (OD-1D) will be
compared to tests results obtained in WP1.2. All the operating and off-design modes must be covered.

WP3.2 OD-1D Validation: To finalize the dynamic approach, the calculation results (0D-1D) shall be
compared to tests results. All the operating and transient conditions must be covered, including
operating and off design modes.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. Title - Description Type* | Due Date

D11 Jet pump model design description and static behavior simulation R TO+10M
report

D1.2 Static library (Dymola models) D TO+10M

D2.1 Jet pump model design description and dynamic behavior R TO+20M
simulation report

D2.2 Dynamic library (Dymola models) D TO+20M

D3.1 Static validation report R TO+12M

D3.2 Dynamic validation report R TO+24M

Milestones (when appropriate)

Ref. No. Title - Description Type* | Due Date

M1 Static modelling completion review D TO+10M

M2 Dynamic modelling completion review D T0+20M
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4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:
=  Fluid mechanics (steady and unsteady, compressible flow)
= OD-1D modelling (Dymola/Modelica) for library and models

= Dymola/Modelica tool
= Data analytics framework / environment

= Testing facilities featuring high pressure (up to 5 bars) air supply at a temperature up to 200°C;
enabling rapid pressure variation (e. g. going from 2 to 4 bars < 1s)

5. Abbreviations

DoE Design of Experiment

CFD Computational Fluid Dynamics
RSM Response Surface Methodology
UHBR Ultra-High Bypass Ratio
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VIl.  JTI-CS2-2020-CfP11-LPA-01-94: Installed UHBR Nacelle Off-Desigh Performance

Characteristics.
Type of action (RIA/IA/CSA): RIA
Programme Area: LPA
(CS2 JTP 2015) WP Ref.: WP 1.5.2
Indicative Funding Topic Value (in k€): 3000
Topic Leader: Rolls-Royce | Type of Agreement: Implementation Agreement
Duration of the action (in 30 Indicative Start Date (at | > Q4 2020
Months): the earliest)™:
Topic Identification Code Title
JTI-CS2-2020-CfP11-LPA-01-94 Installed UHBR Nacelle Off-Design Performance Characteristics

Short description

UHBR engines require novel advanced low drag nacelles, and close coupled wing installations, outside
current design experience. The Project objective is investigate how novel UHBR Nacelles perform under
off design conditions, (take off high lift, at windmill and idle), and provide a detail understanding of the
complex flow separation physics to assist in interpreting FTB results. A detailed understanding of the
factors influencing external flow separation mechanism will enable improved design rules, prediction
methodologies and geometric enhancements to be developed. This requires utilising a range of CFD
techniques to predict external cowl separation mechanisms and Wind Tunnel Component testing with
high fidelity instrumentation to measure the detail flow physics of the external cowl under off design
windmill high incidence conditions; and installed nozzle suppression under take off windmill and idle
conditions to provide CFD validation data. Jet flap interaction Noise understanding also needs to be
enhanced to aid interpretation of FTB results. Acoustic measurements should be undertaken during the
same test series; with an aligned CAA (computational aero acoustics) study to extrapolate the test
results to the free flight environment.

Links to the Clean Sky 2 Programme High-level Objectives™

This topic is located in the demonstration area: Advanced Engine/Airframe Architectures

The outcome of the project will mainly contribute | Advanced Long-range
to the following conceptual aircraft/air transport | Advanced Short/Medium-range
type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol Ol ] Ol

2% The start date corresponds to actual start date with all legal documents in place.

2! Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Background

Reducing fuel burn and CO2 emissions to meet the future EU ACARE and Flightpath 2050 goals is a major
factor in the design of the UltraFan® next generation engines. Adoption of an UltraFan® low specific
thrust engine cycle to maximise propulsive efficiency leads to an increase in engine fan diameter and a
consequential increase in nacelle size & weight with current design rules.

To fully enable the potential benefits of the UltraFan® compact low drag cruise advanced nacelles, the
nacelles are required to be close coupled with the wing, for structural efficiency and weight saving
opportunities. Compact nacelles optimised for low cruise drag will also be required to operate at 'off
design’ windmill and idle conditions under Take-Off high lift configurations. Windmilling characteristics
under cruise engine-out and the concomitant ETOPS diversion case will also need to be accounted for.
Currently, the design sensitivities of novel compact UHBR nacelles at 'off design‘ conditions are not well
understood, and current CFD predictive capabilities to interpret measured data results from the
UltraFan® FTD nacelle are not validated against representative geometry.

Evaluation of Novel UHBR Nacelles under Low Speed 'Off Design‘ Conditions

2. Scope of work

The aim of this programme is to enable the detail understanding of the key design sensitivities for
compact UltraFan® nacelles under 'off design’ conditions; requiring accurate prediction of 'off design’
streamtube flows and external cowl geometric sensitivity. This requires a detail understanding of the
flow physics associated with external cowl separation under high incidence climb conditions, to aid
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understanding of the UltraFan® FTD flight test results with a novel nacelle. High Incidence external cowl
separation should be investigated at wind mill flows under second segment climb conditions, and
maximum angle of attack at idle conditions. The work should also address the cruise engine out as well
as cruise phase windmill diversion phase. These conditions should be the subject of a rig and CFD study
as detailed below. In addition enhancement of jet interaction on close coupled configurations is
necessary.

This programme of work requests significant innovation in five key areas to aid interpretation of the

UltraFan® Flight Test results:

e CFD assessment of a range of novel UHBR nacelle profiles under 'off design’ conditions, requiring
parametric geometric modelling & optimisation, and validated CFD analysis tools to create the
candidate designs.

e A highly instrumented mid TRL nacelle section test rig to take detail measurements of the key flow
physics, which is currently not understood, for CFD validation.

e High accuracy test measurement of installed fan and core exhaust Cd suppression at low flows on
representative separate jet exhaust geometry under Take-Off and cruise conditions.

e High order CFD calculations to predict complex external nacelle separation under 'off design’
conditions

e Measurement and CAA prediction of installed jet flap interaction on a separate jet nozzle test rig.

The CFD and CAA codes and methods chosen for design and analysis shall be mutually agreed with the

topic manager; either commercially available codes, or an agreed alternative. The test rig concepts shall

be mutually agreed with the topic manager.

Using appropriate CFD predictive techniques, and focused component rig tests to provide high fidelity
validation data, this programme will develop predictive techniques to assist in interpreting UltraFan®
FTD flight test results. In addition design rules and methods should be developed to aid enhancement
of 'off design’ novel compact UHBR nacelle design rules.

The programme of work will require the design and CFD evaluation of a range of candidate compact 3-D
UHBR nacelles at 'off design’ (high incidence windmill & idle and cruise windmill diversion) conditions to
provide a range of test candidates with different geometric configurations and predicted flow
separation physics. These should be representative of compact UBHR nacelle designs for cruise. The 'off
design’ performance of the nacelles should be evaluated via a series of RANS CFD models over a range
of representative Reynolds Numbers. The RANS CFD should be used to select suitable test candidates for
test investigation using a nacelle cowl aerofoil section, which can reproduce the key flow physics related
to external cowl separation, including the effect of different pylon styles, Reynolds number, turbulence
and surface roughness.

A CFD study will be required to determine the optimum shaped wall design, to correctly model the local
streamline curvature, and external cowl aerofoil section, to reproduce the external cowl high incidence
windmill (second segment climb) and idle (maximum angle of attack) flow physics around the point of
flow separation, at flight Mn‘s between M=0.25 and 0,30. In addition the cruise and diversion windmill
conditions should also be reproduced at flight Mn‘s between M=0.5 and 0.80.

The shaped wall external aerofoil rig should be used to take high fidelity measurements of the shock
field using Schlieren imagery, local external cowl near wall boundary layer velocity profiles ( <0.2 mm
from surface) using Laser Doppler Annemometry (LDA), surface pressure distributions (using static
tappings and PSP), Qil flow visualisation of surface flows, and surface unsteady pressure measurement
of shock oscillation. The rig cowl aerofoil section should be designed to enable the rapid testing of a
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range of cowl profiles (5 or more cowl sections are requested); a rig working section height of > 200 mm
is envisaged. The rig should have the ability to test incidence levels representative of Take-Off windmill
(second segment climb), and maximum angle of attack at idle flows. The rig should have the ability to
test variation in capture streamtube intake flows. It is desired that the rig can also investigate the
influence of surface roughness on cowl flow stability to provide future design rules for manufacturing
tolerances. A key element of building understanding of the flow separation characteristics under high
incidence 'off design‘ operation is the state of the boundary layer. Suitable techniques, such as infrared
thermography, should be used to investigate boundary layer transition over a range of representative
Reynolds numbers for a UHBR engine under Take-Off conditions. The rig will need to be pressurised (up
to 3 bar) to achieve the required Reynods Number range, representative of a Take-Off regime (Re from
0.45 to 1.4E6) based on nacelle aerofoil thickness

In parallel a high fidelity CFD study should be conducted using a range of methods to predict the rig
complex flow physics including transition behaviour. A key consideration is the ability to predict
separation onset which may arise through a variety of mechanisms given the range of Mass Flow
Capture Ratios (MFCR), local incidence and flight Mn. As well as separation onset, the development of
the boundary layer and surface shear stress is also of interest. Consequently the CFD approaches should
include a range of turbulence models, as well as unsteady methods. It is envisaged that possible
approaches could include RANS models including Reynolds Stress Model (RSM), Delayed Detached Eddy
Simulation (DDES) and Large Eddy Simulation (LES).

Both the high fidelity CFD and rig results should be used to calibrate RANS methods to predict external
nacelle separation behaviour. The assessment of the capability of RANS methods relative to the higher
fidelity and experimental data is important as design and optimisation studies are likley to remain as
RANS based methods in the UltraFan® timescales.

A major contributor to external cowl windmill and idle design is knowledge of the design capture
streamtube. For close coupled installed UHBR nacelles under high lift Take-Off conditions there is
currently a lack of accurate validation data of fan nozzle suppression effects at low mass flows for close
coupled installed configurations. An experimental rig test with independently variable fan and core flow
is thus required of an ‘industry standard’ exhaust nozzle (the AIAA DSFR would be a suitable test
candidate), combined with a high lift wing simulator, on a rig with high accuracy flow measurement to
determine fan nozzle Cd characteristics at idle and windmill flows over Take-Off Mn‘s from M=0.20 to
0.5. The test should include appropriate instrumentation and the use of Pressure Sensitive Paint (PSP) to
provide high resolution data for CFD calibration. Other novel measurements approaches can be
proposed.

To provide the capture streamtube for idle and windmill conditions an ability to conduct cycle modelling
and define representative intake and exhaust geometry for a UHBR engine will be required.

RANS CFD calculations, conducted to determine how accurately the exhaust suppression test results can
be predicted, can be proposed.

For close coupled UHBR engines it is necessary to understand the design constraints imposed by the jet-
flap interaction noise at Take-Off and landing in high-lift configuration, along with the noise levels on the
aircraft fuselage in cruise produced by the jet mixing or at higher fan-nozzle pressure ratios by the
shock-cell associated broadband jet noise.

In addition for close coupled UHBR engines it is necessary to understand jet flap interaction Noise under
high lift conditions. Testing under cruise conditions with a clean wing would be advantageous. A jet rig
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test at Take-Off and approach flow rates using a representative nozzle and wing simulator is required to
provide further understanding and data to calibrate methods ahead of the FTD flight campaign. A
separate jet exhaust system nozzle, (the AIAA DSFR would be suitable), should be tested with a wing
simulator, instrumented with an array of 30 Kulites, in a wind tunnel.

To verify the physical understanding and the design constraints the unsteady flow and acoustic fields
should be predicted using existing and validated time- and scale-resolving acoustic numerical simulation
methods such as Large Eddy Simulation (LES) or Detatched Eddy Simulation (DES) with Ffowcs Williams
and Hawkings (FWH) acoustic analogy. Simulations at least 3-off Take-Off conditions and 3-off cruise
conditions should be performed. The simulations should quantify the absolute jet-flap interaction noise
levels of the selected nacelle design at Take-Off conditions and the risks or the noise reduction potential
in cruise on the aircraft fuselage.

To optimise and to reduce technical risks in the test experimental setup a further simulation of the
installed engine with baseline nacelle should be conducted and analysed. The Topic manager will guide
the data analysis using existing experience.

To calibrate the time- & scale-resolving numerical simulations, acoustic measurements should be
conducted simultaneously to the aerodynamic measurements. If simultaneous aerodynamic and
acoustic measurements are not possible the required modification in the test setup for the acoustic
measurements should be small.

To verify the suitability of the facility for acoustic measurements the noise levels predicted by the
acoustic numerical simulations for the baseline nacelle at Take-Off and in cruise should be compared
with the expected wind tunnel background noise and the nozzle rig self-noise. The measurement
locations should mimic sensors located on the fuselage, wing and pylon on an engine flying test bed
(FTD). About 30 dynamic sensors with a frequency of at least 5kHz full-scale are needed. The sensor
locations will be guided by the Topic manager.

The post-processing of the dynamic sensors should allow separating hydrodynamic and acoustic
pressure fluctuations. The measured and simulated aerodynamic and acoustic data should be compared
and the differences due to systematic and statistical errors in the measurement/experimental setup vs.
numerical simulation discussed and quantified. The sensors setup should be critically reviewed and an
optimised sensor arrangement for a test on an engine flying test bed (FTD) be proposed. This work may
be based on predictions using an open source aircraft geometry such as the NASA CRM, or alternate
configuration proposed by the topic manager.

A programme to evaluate and verify novel UHBR nacelles under low speed high lift 'off design’

conditions will provide:

e Detailed understanding of installed UHBR nacelle off design performance to aid interpretation of the
UltraFan® FTD results.

e Validated aerodynamic design rules for external cowl separation under low speed high lift
conditions.

e Demonstration of the influence of the close coupled UHBR nacelle installed exhaust suppression
under low speed high lift operation at low flows.

e Demonstration of design constraints imposed by noise at Take-Off and in cruise

e Enable a mid TRL rig for future external nacelle research.
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Tasks
Ref. No. | Title - Description Due Date
1 Agree nacelle & exhaust design envelope, and test conditions TO + 3 months
2 CFD study to determine nacelle rig test configuration TO + 6 months
3 Conduct nacelle design study to deliver candidate designs for test TO + 14 months
4 Nacelle Rig test design and manufacture complete TO + 18 months
5 Nozzle suppression rig test complete TO + 18 months
6 Nacelle Rig test phase complete TO + 24 months
7 Nozzle Jet Flap Test complete. TO + 24 months
8 High Fidelity CFD calculations complete TO + 24 months
9 Geometry and RANS prediction guidelines for external cowl separation. TO + 30 months
Task 1

e Review of design trends for novel UHBR nacelles and off design operating conditions to bound
design space and test conditions.

e Agree nacelle design & CFD proposals, and test rig concepts with topic manager

e Agree nozzle rig test suppression and noise proposal with topic manager

Task 2

e Conduct analysis of 3-D nacelle flow field under off design conditions to determine the rig concept
design to produce representative flow physics at 'off design‘ conditions.

Task 3

e Conduct design study using a range of RANS models to determine test candidate designs. Down
select candidate designs.

e Confirm nacelle test rig aerodynamic configuration.

e Confirm nozzle test rig aerodynamic and Noise configuration

e Conduct idle and windmill cycle modelling for UHBR configuration to set design flows for rig and

CFD test.
e CAA Numerical simulation with baseline nacelle at Take-Off and cruise
Task 4

e Complete Design and Manufacture of nacelle cowl mid TRL test rig.

e Finalise and down select appropriate instrumentation to characterise external cowl separation
characteristics.

e Assessment of suitability of jet rig facility for acoustic measurements and definition of acoustic
sensor arrangement.

e Complete design modifications for Nozzle suppression and jet noise test rig.

Task 5

e Conduct test of nozzle test rig with wing simulator over range of representative idle and wind mill
test conditions

Task 6

e Complete nacelle cowl profile test of selected candidate designs.

e Deliver high fidelity data set for RANS CFD calibration.

e Provide detailed test summary report

Task 7

e Conduct Jet Rig acoustic test over range of Take-Off and cruise operating points.

e Complete jet flap interaction acoustic test.

e (Calibration of acoustic numerical simulations with measurements and error analysis completed

e Deliver test results for CFD and empirical methods calibration
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Provide detail test summary report

Task 8

Complete a range of RANS and higher fidelity CFD calculations of nacelle rig test configuration.
Complete a range of RANS and higher-fidelity CFD calculations of a 3D engine standard nacelle
configuration.

Deliver summary test results for RANS CFD calibration

Deliver CAA prediction summary for jet flap interaction test

Task 9

Deliver geometry design guidelines for UHBR novel nacelle design rules for 'off design’
performance.

Deliver validated design rules for CFD prediction of nacelle 'off design‘ cowl separation for UHBR
designs

Deliver summary of Noise Jet flap interaction test and CFD predictions

Deliver guidance on optimised sensor setup on a flying test bed (FTD) for the validation of acoustic

numerical simulations
e Final report of programme findings

3. Major Deliverables/ Milestones and schedule (estimate)

*Type: R=Report, D=Data, HW=Hardware

Deliverables
Ref. No. Title - Description Type* Due Date
D1 Work Plan for all tasks, Nacelle & Exhaust design and Plan TO 43
evaluation matrix summary months
D2 CFD results to define nacelle test rig concept Report TO+6
months
D3 Numerical simulation with baseline nacelle at Take-Off and Report TO+ 10
cruise completed months
D4 Candidate nacelle concepts for rig test and RANS CFD Report + TO + 14
summary CADD months
definition
D5 Definition of nozzle suppression + Jet Noise test rig concept. Report TO+14
Assessment of suitability of facility for acoustic measurements months
and definition of acoustic sensor arrangement completed
D6 Test hardware and instrumentation for Nacelle test rig. Hardware TO + 18
months
D7 Jet Rig hardware for aero and acoustic test complete Hardware TO + 22
months
D8 Nacelle test complete and summary report. Report + TO + 24
Noise numerical simulations completed. Data months
D9 Exhaust suppression and jet Noise test results and summary Report + TO + 24
report Data months
D10 High fidelity and RANS CFD results complete Report + TO + 28
Data months
D11 CAA acoustic prediction of jet rig complete. Calibration of Report TO + 28
acoustic numerical simulation vs. Test data compete. months
D12 Final report and design guidelines Report TO+ 30
months
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Milestones (when appropriate)

Ref. No. Title - Description Type* Due Date

M1 Work Plan agreed Report TO + 3 months

M2 Nacelle and Exhaust rig test concept review Review TO + 6 months

M3 Nacelle configurations for test down select Review TO + 12 months

M4 Model and instrumentation definition for Review TO + 12 months
manufacture.

M5 Wind tunnel test model manufacture complete Hardware TO + 18 months

M6 Wind tunnel test complete Data TO + 24 months

M7 Post test CFD validation and design rules complete Report TO + 30 months

M1 Work Plan agreed Report TO + 3 months

4. Special skills, Capabilities, Certification expected from the Applicant(s)

The applicant shall describe its experience/capacities in the following subjects:

Essential:

Have substantial technical knowledge in the domain of the proposed tasks

Demonstrated expertise in project participation, international cooperation, project and quality
management

Established track-record in the design and analysis of UHBR novel nacelle concepts, under cruise and
‘off design’ conditions.

Demonstrated expertise, in the application of parametric design and optimisation, to underwing
high bypass ratio turbofan nacelles for large civil jet engines.

Understanding of current UHBR nacelle design objectives and ‘off design’ challenges for novel
nacelles, and installed nozzle suppression prediction.

Proven ability to rapidly generate aerodynamic quality parametric 3-D nacelles suitable for
manufacture.

Proven ability to conduct installed separate jet nacelle and exhaust CFD analysis using methods that
are already validated against industry standard test cases.

Established track record in understanding complex shock physics and boundary layer interaction of
complex aerodynamic geometry.

Demonstrated ability to design novel mid TRL test rigs to investigate pertinent shock and boundary
layer transition physics, over a range of Reynolds numbers using high fidelity instrumentation and
delivering test results to industry.

Proven ability test industry standard separate jet exhaust nozzles with high lift wing simulation in a
wind tunnel with a working section >2.0m with a nozzle diameter of approx 200 mm) at MN up to
M=0.30, with high fidelity flow measurement

Demonstrated ability to conduct jet acoustic testing with dynamic instumentation.

Proven ability to conduct Engine Cycle modelling to define a UHBR engine cycle for idle & windmill
and model re-matching effects due to installation effects.

A proven ability to apply RANS and High Fidelity CFD methods for complex flows with boundary
layer separations.

Proven ability to conduct installed jet noise CAA modelling on large turbofan engines, and
comparing results to experimental data.
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e Expertise to develop novel wind tunnel measurement techniques to enhance the understanding of
nacelle and exhaust flow; with focus on surface pressure distributions, surface boundary layer
velocity profiles & transition using thermography and shock topography using Schlieren techniques.
Demonstrated experience in applying steady and dynamic static pressure measurements, steady &
unsteady PSP {pressure sensitive paint} for surface pressures, LDA for detail boundary layer
measurements close to a surface and surface flow visualisation techniques.

e Proven capability of conducting aero-acoustic numerical simulations and acoustic measurements in
wind tunnels should be demonstrated.

Advantageous:
e Proven achievement record showing knowledge is recognised by scientific community

5. Abbreviations

CFD Computational Fluid Dynamics

Mn Mach Number

CADD Computer Aided Design

PSP Pressure Sensitive Paint

LDA Laser Doppler Annemometry

CAA Computational Aero Acoustics
DFSR AIAA ‘open source’ Dual Separate Jet Nozzle .
UHBR Ultra High Bypass Ration (Engine)
FTD Flight Test Demonstrator

TRL Technical Readiness Level —

RSM Reynolds Stress Model

CAA Computational Aero Acoustics

DES Detached Eddy Simulation

DDES Delayed Detatched Eddy Simulation
LES Large Eddy Simulation

MFCR Mass Flow Capture Ratios
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VIll.  JTI-CS2-2020-CfP11-LPA-01-95: Passive Actuated Inlet for UHBR engine ventilation

Type of action (RIA/IA/CSA): IA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 1.5.2

Indicative Funding Topic Value (in k€): 800

Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action (in | 27 Indicative Start Date (at | > Q4 2020

Months): the earliest)*:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-95

Passive Actuated Inlet for UHBR engine ventilation

Short description

While future engine tends to be hotter and sources of cooling to be fewer and more expensive, a
passive actuated inlet system offers a way of controlling the engine ventilation and cooling needs
whithout any architectural changes and active control means. By doing so, engine performance could be
improved by an optimized cooling through ventilation, whithout any big architectural modification. Main
activities of this topic are selection and characterization of appropriate materials, as shape memory
alloy and passive two phase heat transport system, perform prototype modelling, design and
manufacturing, followed by full demonstrator integration and tests.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area:

Advanced Engine/Airframe Architectures

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport
type as presented in the scene setter:

Advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

22 The start date corresponds to actual start date with all legal documents in place.

2 For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

With the increase of By-Pass Ratio (BPR), future engines are heading to great challenges on ventilation
and thermal regulation of the engine compartments and especially the engine core zone. Indeed, in
order to increase BPR, the by-pass mass flow needs to be increased. To do so, a larger and slower fan is
required which tends to lower Fan Pressure Ratio (FPR), limiting the dynamic pressure available
downstream of the fan, where the air is usually tapped in order to ventilate the engine core zone. In the
same time, the engine primary cycle is optimized by engine manufacturers days after days which tends
to increase engine temperatures. The combination of these two adverse effects leads to an increase of
heat management issues inside the engine core zone where more and more sensitive equipment are
installed.

Adverse effects

Decrease Maintain power Optimize
primary mass transmission to Increase OPR thermodynamic Inch:as::e_d heat
flow LUERED] cycle rejections
Increase
BPR

Increase Less dynamic
Increase fan Decrease fan

diameter rotation speed

Decrease fan pressure
pressure ratio available for
cooling

secondary mass
flow

Figure 1: The BPR effect on engine core zone ventilation and thermal

In order to ensure equipment’s integrity inside the engine core zone, without developing entirely new
heat management solution, the engine core zone ventilation would have to be increased. One of the
drawbacks of increasing the engine core zone ventilation is that the air used for ventilation is usually
taken from the by-pass, which decrease the overall engine performance.

In order to limit the engine core zone ventilation impact on engine’s performance, one solution consists
of modulating it: the inlet is open only when the engine core zone needs cooling, otherwise it is closed
in order to avoid any performance losses from unnecessary ventilation and cooling. To do so, active
actuated inlet have been used on several engines in the past, however the actuation of such a system
comes with an increase of weight, costs, and a decreased of performance and reliability.

For this reason, Airbus has been working during the past years on a patented passive actuated inlet for
core zone ventilation, allowing the passive modulation of the engine core zone ventilation through the
monitoring of a thermally sensible area.

The system is based on two disruptive technologies: memory shaped alloy and heat pipes.

The first part of the system is composed by a flush inlet linked to a memory shaped spring which
expends (or retract) when subjected to a certain temperature level. When expended (or retracted), this
memory shaped spring brings the flush inlet to an open position, allowing fresh air to flow inside the
core zone. When the temperature decrease and pass below the defined spring temperature level, the
flush inlet comes back to a closed position, avoiding any air to flow inside the engine core zone and
therefore, limit the performance losses due to engine core zone ventilation.

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 61



9

Clean Sky

Bypass stream

- Hot HP Vi
Core compartment I Core compartment
- Shape Memory alloy
Shape Memory alloy
Figure 2: Passive actuated inlet in closed position Figure 3: Passive actuated inlet in open position
(cold heat pipe) (hot heat pipe)

The second part consists of a heat pipe connected to the memory shaped spring, acting as a passive
measurement mean. Indeed, the heat pipe can be placed in very strategic and sensitive areas of the
engine core zone and will enable the control of the memory shaped spring using the temperature level
of a sensitive area distant from the ventilation inlet.

By pass flow By pass flow

Open passive
actuated inlet

Closed passive "_
actuated inlet

Standard inlet Standard inlet

—/' :

Figure 4: Closed passive actuated inlet Figure 5: Open passive actuated inlet

Therefore, the complete system allows the passive modulation of the engine core zone ventilation and,
as a consequence, the thermal management of sensitive areas of the engine core zone as close as
possible from the cooling needs of these areas.

This system has several advantages, the first and most important being that the system is completely
passive. Having a passive system tends to increase reliability and diminish maintenance costs. Also, since
the inlet is entirely regulated by the thermally sensible area’s needs of cooling, the ventilation and the
thermal regulation of the zone is as close as possible from the real needs, avoiding any unnecessary
performance losses.

2. Scope of work

The system will be implemented in the engine core compartment on the nacelle outer fixed structure.
The maximum engine core compartment air temperature surrounding the system is ranged between
100°C to 200°C. The ventilation inlet section to regulate is about 1000mm?2. The device shall obviously
be neutral in term of secondary flow aerodynamic penalties. Delta pressure in between secondary flow
and engine core compartment is below 0.8bars.
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Tasks

Task 2:
Selection of adapted
passive two phases heat
transport system

Task 1:
Selection of adapted
memory shape alloy

Task 3: Task 4:
Full characterization of Full characterization of
memory shape alloy passive two phases heat
behavior transport system behavior

Task 6:
Implementation and
validation of passive
actuatedinlet model

Task 5:
Prototype design

Task7:
i Prototype
{% manufacturing

Task 8:
Prototype test and validation
in partially representative
environment

Task 9:
Flightdemonstrator design,
manufacturingand
integration

Task 10 :
Flight demonstrator testand
validation

Figure 6: Project's flowchart

Tasks

Ref. No. | Title — Description Due Date
T1 Selection of best memory shape alloy TO+3M
T2 Selection of best heat pipe technology TO+3M
T3 Full characterization of memory shape alloy behavior TO+6M
T4 Full characterization of heat pipe behavior TO+6M
T5 Implementation and validation of passive actuated inlet model TO+8M
T6 Prototype design and manufacturing TO+11M
T7 Prototype test and validation in partially representative environment TO+14M
T8 Ground / Flight demonstrator design, manufacturing and integration TO+20M
T9 Ground / Flight demonstrator test and validation TO+27M

A first phase of ground qualification tests is foreseen to simulate the real environment such as
vibrations, freeze, pressure, static and dynamic conditions. A second phase could integrate flight tests
on a UltraFan engine demonstrator where the technology is intended to be assessed on real
environement as well to verify and validate also a correct dynamic time response of the passive system.
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3. Major Deliverables/ Milestones and schedule (estimate)

*Type: R=Report, D=Data, HW=Hardware, SW=Software

Deliverables

Ref. No.

Title - Description

Type*

Due Date

1

Selection of best memory shape alloy

Based on the physical and environmental conditions provided by
the Topic Manager, a trade-off evaluation is awaited to select the
best memory shape alloy able to meet the requirements based on
literature assumptions.

TO+3M

Selection of best heat pipe technology

It exists a lot of different heat pipe technologies considering
different working fluid and architecture. Based on the physical and
environmental conditions provided by the Topic Manager, a trade-
off evaluation is awaited to select the best memory shape alloy
able to meet the requirements based on literature assumptions.

TO+3M

Full characterization of memory shape alloy behavior

Following selection of the suitable memory shape alloy in Task 1,
Task 3 aims at fully characterizing the thermo-physical properties
of this memory shape alloy. These properties are necessary inputs
for the complete system design in Task 5 and Task 6.

TO+6M

Full characterization of heat pipe behavior

Following selection of the suitable Heat Pipe technology in Task 2,
Task 4 aims at fully characterizing the thermo-physical properties
of this Heat Pipe. These properties are necessary inputs for the
complete system design in Task 5 and Task 6.

TO+6M

Implementation and validation of passive actuated inlet model

In order to design the system based on more detailed assumptions,
a model of the complete system should be developed. The model
should be based on the memory shape alloy and heat pipe
technology studied in Task 3 and Task 4 but should also be fully
adaptable to other configurations. The model will allow the design
of the ground and flight demonstrators and should be validated
along the project using available tests data.

TO+8M

Prototype design and manufacturing

Based on environmental and physical conditions provided by the
Topic Manager and the model created in Task 5, a ground
demonstrator of the system should be designed and manufactured
in order to test it in Task 7.

HW

TO+11M

Prototype test and validation in representative environment

A test bench shall be assembled to measure and characterize
preliminary performance of the system. The targeted environment
being only achievable with a real engine demonstration, a
degraded demonstration is targeted here. The obtained tests data
should then be used to calibrate the model design in Task 5.

TO+14M
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Deliverables
Ref. No. Title - Description Type* | Due Date
8 Ground / flight demonstrator design, manufacturing and HW TO+20M
integration
From the validated model obtained in Task 5 and Task 7, and on
the physical and environmental conditions provided by the Topic
Manager, a ground / flight demonstrator of the system should be
designed manufactured and integrated together with the Topic
Manager in order to test it in Task 9.
9 Ground / Flight demonstrator test and validation D TO+27M
Finally, in order to test and validate the selected design, a ground /
flight tests campaign should be achieved in order to validate the
design in real conditions.
Milestones (when appropriate)
Ref. No. Title - Description Type* Due Date
1 Technologies selection and characterization D TO+6M
2 Prototype design, test and validation HW TO+14M
3 Final design, test and validation HW TO+27M
4. Special skills, Capabilities, Certification expected from the Applicant(s)
Essential:
= Shape Memory Alloy knowledge, modeling and manufacturing
= Heat Pipes knowledge, modeling and manufacturing
= Mechanical design and integration
Advantageous:
* Integrated tests set-up & validation
= Knowledge in system integration on aircraft nacelle
5. Abbreviations
BPR By-Pass Ratio
FPR Fan Pressure Ratio
SMA Shape Memory Alloy
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IX. JTI-CS2-2020-CfP11-LPA-01-96: Analytical and experimental characterization of

aerodynamic and aeroacoustic effects of closely operating propellers for distributed

propulsion wing solutions

Type of action (RIA/IA/CSA): RIA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 1.6

Indicative Funding Topic Value (in k€): 2500

Topic Leader: Airbus Type of Agreement: Implementation Agreement
Defence and
Space

Duration of the action (in | 30 Indicative Start Date (at | > Q4 2020

Months): the earliest)**:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-96

Analytical and experimental characterization of aerodynamic and
aeroacoustic effects of closely operating propellers for distributed
propulsion wing solutions

Short description

This topic is issued to develop and improve current know-how and design capabilities in the field of
distributed propulsion applied to large A/C. The purpose of the topic is the analytical and experimental
characterization of the flow interactions of closely operating propellers arranged in different ways on
the wing, in order to improve and validate the CFD / CAA design capabilities and know-how within WP
1.6 of CS2-LPA. This topic is meant to develop the necessary physical understanding to progress in the
design and assessment of new disruptive concepts with reduced emissions & noise, paving the way for
future European initiatives.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area:

Enabling Technologies

The outcome of the project will mainly contribute to
the following conceptual aircraft/air transport type
as presented in the scene setter:

Advanced Long-range
Ultra-advanced Long-range
Advanced Short/Medium-range
Ultra-advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol Ol ] Ol

** The start date corresponds to actual start date with all legal documents in place.

% For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21

66




9

Clean Skuy

vy

1. Background

Distributed propulsion has become one of the key topic in disruptive A/C design in recent years, growing
in parallel to the opportunities that arise from more electric A/C designs, the improvement of hybrid
solutions and aiming at future Zero Emissions solutions. In recent times or in the near future several
solutions have been / will be flight tested, although at small A/C scale or drone demonstration, such as
the Lilium Jet, the Airbus Vahana or the NASA X57, among others.

European A/C manufacturers and research institutions have to pave the road for future designs of large
transport solutions starting by ensuring the availability of the necessary design tools and know-how to
live up to this new scenario. To this end the availability of high quality and quantity test information
becomes necessary, as well as guidelines on the adequate simulation of effects with existing CFD tools.
Along the same lines reduced noise design and adequate noise prediction capabilities become essential
to ensure the viability of future distributed propulsion solutions, noise being one of the most critical
emissions that currently concern the European Authorities. The WTT shall therefore also provide
acoustic measurement data and establish the main interaction effects that may affect current noise
and/or unsteady pressure simulation capabilities.

The activities under this topic will support the development and assessment of new wing concepts and
configurations that benefit from disruptive designs based on distributed propulsion solutions.

The main objective is to develop analytical and experimental evidence to foster computational
capabilities and know-how in the field of aerodynamic and aeroacoustic design of distributed propulsion
solutions and propeller arrays.

In particular the objective is to be able to predict and validate with the highest possible fidelity the
effect of closely operating propellers on the overall wing aerodynamics (such as puller or pusher leading
edge or over-wing propeller array configurations) analyzing the effects of the different geometric
parameters of interest, like propeller size, relative position among them and with respect to the wing,
etc...

The study should also address the experimental characterization of the impact on noise of the different
geometric solutions, in order to allow generating design know-how in the field of aeroacoustics and
vibrations (unsteady pressures in general) of disruptive configurations.

2. Scope of work

The purpose of the topic is to study different geometries which have been identified as being promising
for future novel aircraft configuration powered with hybrid propulsion The geometries are wing sections
equipped with propeller arrays (so called 2.5D wing sections). These geometries will be parametrized, to
allow the evaluation of the effect of the most relevant configuration variables on the results. The
geometries may include high lift devices / movables. The propeller will have to be assessed in co- and
counter- rotating conditions.

Tentative examples of the geometries to be proposed can be found in figure 1. More specifically:

e Geometry 1 (a) is a blown leading edge straight wing for operation at low subsonic cruise
(M=0.4), with powerful retractable flap system. This geometry tries to combine high lift
capability with good cruise performance. One of the topics of interest is the interaction of
power effects with (double) slotted flaps.

e Geometry 1 (b) is the most disruptive one, trying to boost low speed operations & STOL
capabilities. In cruise this configuration is not expected to be the best one, but the overall trade-
off is deemed advantageous. This configuration would be a real game-changer in civil operation
in remote areas.
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e Geometry 1 (c) is focused on cruise at higher speed (M>0.55). It includes wing sweep, which
brings in another topic of interest, which is the evaluation of engine pitch and its effect on close
operating propeller interaction.

All three models will have to be modular (at least) in:
e Distance between engines
Position of the propeller plane wrt wing
o Distance to LE
o Strut height
High-lift devices / movables
Rotation of the propellers (co-counter-rotating)
Any other parameter that shows significant relevance during the initial CFD analyses

The TM commits to providing reasonable/acceptable ranges for each of these parameters in due time.

Figure 1: Tentative configurations.

The applicant (s) will have to design and or select of-the-shelf propellers suitable for the intended design
points. Please note that evaluating the effect of co and counter rotation is of highest priority, implying
the availability of the corresponding propeller sets.

A single common propeller design with balanced behavior for all three sections & and design points may
do, especially if propeller pitch is adjustable. Another viable option, especially if fast prototyping
capabilities are available (e.g. 3D printing), is to design/select specific solutions for each concept. In any
case, propeller diameter and solidity will be similar. TM will support propeller selection/design. In any
case, optimized propeller design for each of the configurations is NOT the target of this call, only a
representative air flow over the sections has to be ensured.

The applicant(s) will then perform a numerical aerodynamic characterization of the proposed wing
sections equipped with the propeller designed. The idea is to compare this characterization (including
flow behavior and interactions) against WTT data. The most relevant aerodynamic parameters have to
be identified and pondered, either proposing feasible optimal values for testing or specifying a
parameter variation range for the test models in order to fully characterize the effect.

The applicant(s), after discussing its methods and results with the TM, will perform an experimental
validation of the calculations. To this end the TM proposes a build-up approach, with increasing fidelity
and technical difficulty.

In a first phase the applicant(s) will characterize the set of proposed geometries making use of low
speed - medium sized WTT facilities (e.g. University/Research Center facilities), providing data in terms
of: pressure distribution, aerodynamic efficiencies (L/D), max lift and flow field visualization. The idea is
that in a first round the characterization in such facilities of these geometries and related geometrical
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parameters will provide sufficiently good data and know-how to consolidate the next step of analysis
and validation at a reasonable cost. At this stage no aeroacoustic analysis or test validation is
considered.

Please consider that these test facilities shall allow testing at speeds above 25m/s. Test specimens shall
be relatively large, with scaling factors not smaller than %, i.e. overall model span of approximately 1
meter.

The activities of the first phase could be summarized as follows:

- Propose propeller design based on conditions provided by TM.

- Perform initial CFD simulation, generating initial database.

- Design & manufacture the WT models, including propellers and electric engines providing a
representative propulsion simulation. The WT models should be of variable geometry in line
with the parameters to be evaluated (e.g. propeller relative positions and position wrt the wing,
high lift devices, etc...).

- Prepare the necessary propeller control system for wind tunnel testing.

- Test the models in WT at different airspeeds & propeller settings,

o Producing the necessary lift/drag polars
o Visualizing/measuring flow and pressure distribution variations.

- Perform an assessment of the CFD vs WT results, in order to validate the capability of the CFD
models to predict interaction effects, defining the best methodology to be applied.

- Together with the TM define the most interesting configuration(s) for the next testing phase.

In a second phase, TM & applicant(s) will define up to two different wing section concepts (again 2.5D)
with a consolidated geometry and propeller arrangement based on the analysis and data generated in
the first phase. The applicant(s) will have to analyze, design and manufacture the WT models targeting
the highest possible fidelity characterization of the configuration in terms of aerodynamic and
aeroacoustic behavior, assessing on the principal parameters affecting the results.

These tests shall be performed with tests speeds in the range of 50m/s to 100m/s. For reference, the full
scale aircraft sections have a chord in the range of 2 to 3m and a span of approximately 4 to 5m, leading
to Re numbers in the range of 10 to 20 million (Re ~[10#10° to 20#10°]) at SL.

The activities could be summarized as follows:

- Prepare the geometries, these being result of the previous phase (incl. previous propeller
design).

- Perform initial CFD and CAA simulation, generating initial databases.

- Manufacture the WT models, including propellers and electric engines providing a
representative propulsion simulation. The WT models may be of variable geometry (e.g.
propeller relative positions and position wrt the wing, high lift devices, etc...).

- Prepare the necessary propeller control system for wind tunnel testing

- Test the models in WT at different airspeeds & propeller settings,

o Producing the necessary lift/drag polars
o Visualizing/measuring flow and pressure distribution variations
o Measuring noise and possibly vibration levels

- Perform an assessment of the CFD vs WT results, in order to validate the capability of the CFD
models to predict interaction effects, defining the best methodology to be applied. l.e. review
and consolidate the outcomes of the first testing phase.
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- Perform an assessment of the Computational Aero-Acoustic results vs WT results, in order to
validate the capability of the CAA models to predict interaction effects, defining the best
methodology to be applied.

Finally assess the extrapolation of the results to full 3D geometries agreed between TM and the
applicant(s), evaluating on the scalability of the results.

3. Major Deliverables/ Milestones and schedule (estimate)

Scope of this topic is two years and half with an effective start date in Q4/2020 (project kick-off, with
Implementation Agreement in place), with a duration of 30 months.

List of Milestones

Ref. No. Title — Description Due Date
M1 Models definition and geometry / conditions exchange with TM M1
M2 Models design: Identification of most relevant parameters & parametrization M2
M3 Test strategy for phase 1 established M2
M4 Propeller selected / designed for all configurations M5
M5 Models and test means design & manufacturing plan — phase 1 M5
M6 Models-Phase 1 Aerodynamic CFD characterization M9
M7 Models manufactured and verified M9
M8 Test completion — phase 1 M15
M9 Benchmarking WTT & CFD - Assessment on CFD M18
Down-selection of configurations for Phase 2.

M10 Test strategy for phase 2 established M19
M11 Models and test means design & manufacturing plan — phase 2 M19
M12 Models - Phase2 Aerodynamic & Aeroacoustic CFD characterization M22
M13 Models manufactured and verified M22
M14 Test completion — phase 2 mM27
M15 Benchmarking WTT & CFD / Aeroacoustics M30
M16 Final assessment and lessons learned M30

List of deliverables

Ref. No. Title — Description Due Date
D1 Model parametrization & Test strategy phase 1 (including test window M2
consolidation)
D2 Propeller selection / design & Model & test means design M5
D3 Models CFD characterization data & results analysis phase 1 M9
D4 Model manufacturing & validation report phase 1 M9
D5 Phase 1 tests report & data M15
D6 Report on WTT vs CFD results - assessment on findings. M18
D7 Test strategy phase 2 (includingtest window consolidation) M19
Model & test mean design

D8 Models CFD characterization data & results analysis phase 2 m22
D9 Model manufacturing & validation report phase 2 m22
D10 Phase 2 tests report & data m27
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List of deliverables

Ref. No. Title — Description Due Date

D11 Report on WTT vs CFD results - assessment on findings. M30
Assessment of results scalability to 3D wing geometry.

D12 Final project wrap up report M30

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

= CFD and CAA analysis experience and capabilities, to setup initial databases.

= Model design experience and capabilities, including CFD and CAA design and power-plant sizing and
tuning, including propeller preliminary design.

=  Model manufacturing experience and capabilities, including power-plant control.

= Demonstrated wind tunnel test experience

= Demonstrated experience in Aero-Acoustic wind tunnel testing

= Access to top level wind tunnel facilities in Europe, although testing capability at proprietary
research/education facilities for model development is an add-on.

Advantageous:
= Use of standard industrial CFD/CAA codes, such as TAU, Flow Sim, Ansys Fluent or CFX, PowerFlow,

= Use of design tools, such as CATIA
=  Fast prototyping capabilities (e.g. 3D printing for propellers)

5. Abbreviations

ADS  Airbus Defence and Space
CAA  Computational AeroAcoustics
CFD  Computational Fluid Dynamics
CFP Call For Proposal

KO Kick Off

L/D Lift over Drag

LPA Large Passenger Aircraft

SL Sea Level

™ Topic Manager

WP Work Package

WTT  Wind Tunnel Test
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X. JTI-CS2-2020-CfP11-LPA-01-97: Insulation Monitoring for IT Grounded (Isolation Terra)
Aerospace Electrical Systems

Type of action (RIA/IA/CSA): 1A

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 1.6.1

Indicative Funding Topic Value (in k€): 700

Topic Leader: Rolls-Royce | Type of Agreement: Implementation Agreement
plc

Duration of the action (in 24 Indicative Start Date (at > Q4 2020

Months): the earliest)®:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-01-97 Insulation Monitoring for IT Grounded (Isolation Terra) Aerospace
Electrical Systems

Short description

With an increase in the predicted demand for high voltage electrical power in large passenger aircraft
and other more electric aircraft concepts, new electrical distribution systems will be required to enable
safe, light, highly efficient electrical propulsion systems. Insulation monitoring technology is a crucial
safety system on high integrity power distribution in land and marine systems, however they have not
been tested, proven, optimised and made commercially available for aerospace. A functionally
representative insulation monitoring demonstration for aerospace is required, incorporating applicable
lessons and experience of established markets, but addressing some of the specialised aerospace
environment and its safety processes.

Links to the Clean Sky 2 Programme High-level Objectives”’

This topic is located in the demonstration area: Electrical Systems

The outcome of the project will mainly contribute | Ultra-advanced Long-range
to the following conceptual aircraft/air transport | Ultra-advanced Short/Medium-range
type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X X
X

?® The start date corresponds to actual start date with all legal documents in place.

%7 For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Background

Current Large Passenger Aircraft (LPA) use low voltage (below 1kVac rms or 1.5kVdc) distribution
systems to transmit a relatively modest amount of power (below 1MW) for use in aircraft subsystems
such as cabin conditioning and actuation. The existing power distribution systems often use the metallic
airframe as the earthing system.

Electric propulsion systems have the potential to make a significant impact on LPA emissions, facilitating
C0O2, NOX and noise reductions. However to make electric or hybrid propulsion systems feasible, greater
electrical power transmission at high voltage will be required. High power electrical systems in high
reliability applications often utilise IT earthing ( Isolation Terra ). IT earthing brings known advantages of
fault current management and continued operation post fault. It also brings the challenge of correctly
determining when an insulation fault has occurred, allowing the system to safely reconfigure or
shutdown.

AIRBUS

FAN adaptation: +
m Rolls-Royce

B ARBuUS
B siEMENS

- m Rolls-Royce
AIRBUS

There are currently no large electric or hybrid aerospace power systems in operation, therefore no
aerospace insulation monitoring system demonstrators available. Demonstrators, such as E-Fan X (see
above Figure) and EcoPulse, are planned by numerous European aerospace companies and while all are
likely to require insulation monitoring as a system enabler, few aerospace companies have significant
experience with creating insulation monitoring systems.

The lessons and experience of established markets, such as stationary power grids, maritime vessels,
solar power, traction systems and other modes of electric mobility can be brought to bear to speed
development, while tailoring the packaging and functionality to the specialised aerospace environment
and its safety processes.

Aerospace offers a hostile environment for electrical equipment with frequent extreme temperature
and pressure cycling from approximately 55°c at latm to -55° at 0.2atm for every flight; along with
difficulties common to other applications such as high vibration, contamination, humidity and
condensation. Electrically the installation is functionally similar to those seen on industrial and transport
applications, but with stringent safety and reliability challenges, especially when used for electric
propulsion. Safety critical architectures may push reliability requirements to a rate of 1e-9.

The simple objective of the Work Package is to make available a functionally representative insulation
monitoring demonstration for aerospace applications, incorporating applicable lessons and experience
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of established markets, but considering the specialised aerospace environment and its safety processes.

This strategic theme falls under the umbrella of Clean Sky 2 Platform 1 work package (WP) 1.6.1 —
Alternative Energy Propulsion Architecture & Components within the Clean Sky 2 Large Passenger
Aircraft (LPA).

The Work Breakdown Structure (WBS) will include three Work Packages (WP’s) as below:
e  WP1: Analysis of applicable systems to obtain requirements and targets for development.
e WP2: Modelling and development of aerospace applicable technologies.
e WP3: Demonstration and testing.

2. Scope of work

Requirements:

An insulation monitoring demonstration shall be developed up to TRL4.

The system shall be suitable for use on high voltage distribution systems, over 1000Vac rms and
1500Vdc.

The system shall be suitable for demonstration on systems of MW scale.

The system should be suitable for use on systems with representative capacitance to earth, to be
discussed with the Topic Manager.

The demonstration is not required to operate in representative environmental conditions, but should
show a development route to representative environment testing aided by the Topic Manager.

Tasks

Ref. No. | Title — Description Due Date

1.1 Aerospace environment and system — TO+1
The environment and system characteristics pertinent to insulation monitoring
need to be understood and documented to ensure the system can be easily
integrated.

1.2 Performance and operational requirements — TO+3

Capture the requirements from the Topic Manager, making sure the systems
performance will be adequate.

1.3 Gap analysis — TO+5
A comparison between current available state of the art insulation monitoring
systems and aerospace requirements, including certification to direct
development work.

2.1 System model — T0O+9
Modelling of typical system including monitoring device to benchmark the
development of new technology both simulated hardware and software.

2.2 Technology development — TO+17
Develop insulation monitoring technology and enabling systems to bridge gaps
defined earlier in project with consideration of specific aerospace
requirements.

3.1 Prototype — TO+19
Prototype unit production, or prototype components/software as required for
demonstration of capability.
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Tasks
Ref. No. | Title — Description Due Date
3.2 Testing and validation — TO + 22

Against the requirements from the Topic Manager and system assessments.
Set out the development rout to achieve environmental condition testing, such
as altitude and temperature — to be discussed with the Topic Manager as they
will depend on installation location.

33 Customer verification — TO+ 23
Reviewing and trialling monitoring systems with the Topic Manager.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. Title — Description Type* | Due Date
D1.3 Summary of research requirements and gap analysis. R TO+5
D2.1 Summary of technology developments and future roadmap. R T0 + 17
D3.1 Verification of proposed product with the Topic Manager. R TO + 23

Milestones (when appropriate)

Ref. No. Title — Description Type* | Due Date
M1.3 Research requirements and gap analysis completed. D TO+5
M2.1 Summary of technology developments and future roadmap. R TO+17
M3.3 Verification of proposed product with the Topic Manager. R TO + 23

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

=  Substantial experience and understanding of standard insulation monitoring system
implimentations — there is no desire for the aerospace supply chain to reinvent insulation
monitoring. There are highly effective systems that can provide solid grounding for aerospace
specific systems.

=  Ability to produce demonstration insulation monitoring hardware — this project aims to get working
hardware available for electrically representative demonstration at TRL4, to do this prototyping
facilities are necessary.

= Aerospace production route — investment and capability growth or future development partnerships
may be required to demonstrate a route to an aerospace standard product, the applicant will need to
support this.

5. Abbreviations

IT Isolation Terra

TRL Technology Readiness Level
LPA Large Passenger Aircraft
rms Root Mean Square
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Xl.  JTI-CS2-2020-CfP11-LPA-02-33: Tooling, Equipment and Auxiliaries for the closure of a
longitudinal Barrel Joint: Butt strap integration and Lightning Strike Protection continuity

Type of action (RIA/IA/CSA): 1A

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 2.1

Indicative Funding Topic Value (in k€): 1600

Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action (in 30 Indicative Start Date (at > Q4 2020

Months): the earliest):

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-02-33 Tooling, Equipment and Aukxiliaries for the closure of a longitudinal
Barrel Joint: Butt strap integration and Lightning Strike Protection
continuity

Short description

One or more conduction welding heads, auxiliary equipment and consumables for the closure of an 8m
typical fuselage barrel utilizing a butt strap need to be designed, manufactured, supplied and serviced
on-site for this topic. Furthermore, following barrel closure, results need to be analysed and additional
functionalities regarding improved in-situ monitoring and control integrated into the welding head or
heads.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area: Cabin & Fuselage

The outcome of the project will mainly contribute | Advanced long range
to the following conceptual aircraft/air transport | Advanced Short/Medium-range
type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X O X Ol

%8 The start date corresponds to actual start date with all legal documents in place.

% For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
Funding and Tenders Portal.

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 76



9

Clean Sky

1. Background

Technical Challenge

The WP2.1 Integrated Fuselage has ambitious targets in reducing the fuselage weight, reducing its costs
and production leadtime while enabling a high production rate of minimum 75+ aircrafts per month and
improving its manufacturing flexibility.

In the frame of WP2.1, the Multi-Functional Fuselage Demonstrator (Figure 1) seeks to validate high
potential combinations of airframe structures, cabin, cargo and system elements using composite
thermoplastics, innovative design principles and advanced system architecture in combination with the
next generation cabin, through a large-scale complex demonstration at full size.

This topic will contribute to WP2.1 by tackling one of the most critical and important aspects of this
demonstration that is the realization of barrel closure in a representative Main Component Assembly
environment. This topic addresses the closure of the Butt strap joint and Lightning Strike Protection
continuity.

The objective of this topic is the provision of tooling heads, on-site support and all required operational
information for the closure of a longitudinal barrel joint of a pre-equipped aircraft fuselage
demonstrator from thermoplastic structural material.

Prototype tooling heads need to be delivered early on in the project to the existing Main Component
Assembly. Further development is focussed on industrial maturation with a particular focus on in-situ
monitoring and control.

&

&

Figure 1: lllustration of the intermediate overall demonstrator design with the longitudinal joints highlighted
(purple)

Two main challenges are presented in this topic:
e Butt strap joint (Figure 3):

o The demonstrators’ left hand side includes the Passenger Door Surround. The skin
thickness variation in this area necessitates a stepped butt strap integration, joining
Upper and Lower skins.

o Given the joint complexity, conduction welding using a heated pressure plate is the
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preferred joining technology.
e Electrical Continuity of the Lightning Strike Protection (Figure 4):

o Electrical continuity of the metallic Lightning Strike Protection (LSP) must be achieved
across both longitudinal joints on the outside of the fuselage.

o Itis expected that the tooling head provided for the butt strap integration may be used
for this purpose.

Upper
Shell Skin

Lower

Shell Skin
AN\

Figure 3: Butt strap integration: A number of overlying strips require integration across the stepped joint. Note that
the Butt strap sits on the outside of the fuselage.

Upper
Shell Skin
LSP

Lower
Shell Skin
LSP

Figure 4: A CFRP fuselage requires protection from lighting strike. Therefore, Upper and Lower Shell skins are
equipped with a metallic Lightning Strike Protection. Electrical continuity must be achieved across the longitudinal
joints on the outside of the fuselage. Left: Overlap Joint. Right: Butt Strap joint. Red indicates pre-equipped
Lightning Strike protection, blue indicates Lightning Strike Protection to be applied as part of this topic.
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Work Package Breakdown Structure
In order to achieve the different technical and technological challenges defined in the demonstrator, the
Work Package Breakdown Structure and activity scope matrix shown in Figure 6 is recommended.
In this manner, each of the primary Work Packages (WP) addresses one of the Top Level Objectives
(TLO) of this topic.
These are:
e Achievement of a high quality, stepped butt strap integration connecting the upper and lower
fuselage skins
e Achievement of the electrical coupling of the upper and lower fuselage skins Lignting Strike
Protection.
Furthermore, underlying developments and activities need to be conducted to enable the succesfull
achievement of these TLO’s. While the majority of of these are descriped in more detail within Chapter
Error! Reference source not found. Error! Reference source not found., special note should be made of
the need to supply auxiliary structures and materials, such as counterholders, or safety relevant
provisions and equipment. Depending on the technological variants chosen, a dedicated WP for this may
be beneficial.

usandigh |
Strike Protection integration

Welding Equipment

Testand
Simulation

———— = Lightning «
In-process monitoring ~ Buttstrap Strike Auxiliaries
and inspection integration Protection for MCA
s contacting

MCA
implementation

Assembly tooling
ELCEUIEES

Figure 6: Work Package Breakdown Structure and key activity matrix

Project environment

The project addresses some of the most important interfaces with respect to the CleanSky 2 Large
Passenger Aircrafts Multifunctional Fuselage. As such, the project may be led through WP2.1.3
Integrated concepts definition and maturation, but it requires a very open exchange between partners
delivering the Lower and Upper Shell structures, the Main Component Assembly partnership (WP2.1.6),
welding technology developers and associated project consortia. Furthermore, cooperation with the
complementary project responsible for the tooling development and supply for the overlap joint is
essential.

An overview of the current WBS of the Multifunctional Fuselage is given in Figure 7.
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WP 2.1

Next Generation Fuselage, Cabin and Systems Integration

. 3 * *
Wwp 2.1.1 o WP212 o WP 2.1.3 WP 2.1.4 o WP215 o WP 2.1.6 ‘ WP 2.1.7

Requirements, [*Multifunctional Integrated Techno Bricks |® Lower Shell Circumferential Cargo Door
technology concepts concepts for Upper Shell Development & Longitudinal D

value analysis definition and definition and Elements and Joints
and integration maturation maturation Manufacturing

° +

Figure 7: Next Generation Fuselage, Cabin and Systems Integration. Led through WP2.1.3 “Integrated concepts
definition and maturation” a strong link to WP2.1.6 is required to WP2.1.6 Circumferential & Longitudinal Joints. In
addition, close cooperation is expected in particular with WP2.1.2 and 2.1.5 where important welding
developments are taking place.

2. Scope of work

Tasks
Ref. No. | Title - Description Due Date
TX.1 Requirements analysis and Functional Breakdown T+1M
TX.2 Tooling Specific Design T+6M
TX.3 Test pieces for Main Component Assembly integration T+11M
TX.3 Tooling manufacturing and delivery T+11M
TX.4 On-site support T+17M
TX.5 Process performance verification and analysis T+18M
TX.6 Improved functionality implementation and verification on welding T+27M
equipment
TX.7 Documentation and Dissemination T+28M
TX.8 Technological de-risking trials and simulation T+30M

Each of the Work Packages needs to conduct a number of tasks in order to fulfill the objectives of the
topic:

Requirements analysis and Functional Breakdown

At the start of the project, the selected applicant shall receive the Requirements and Specification
document as well as background information stemming from preparatory work conducted by the
WP2.1 consortium. The applicant needs to analyse and further break-down these needs into tooling
relevant requirements and functionalities. The outcomes of this activity will then serve as the main
guiding principles for the specific tooling design phase. Particular emphasis will be placed on Health
and Safety, Performance and Monitoring thereof.

Tooling Specific Design

The tacted Tooling Specific Design shall be characterized by regular exchanges between the lead
tooling designers of the applicant in order to ensure compatibility, allow an early familiarization of
users with the equipment and prioritize functionality integration.

Tooling manufacturing and delivery

At the end of this activity, the required tooling heads, test pieces, auxiliary structures and equipment
shall have been supplied. A staggered delivery schedule is preffered over a single bulk delivery to
facilitate project conduct and MCA integration. Specifically, tooling for the Butt strap integration is
required in Month 11. This includes delivery of the first integration test pieces for on-site trials.
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Consumables and parts for the barrel demonstrator, such as the butt strap strips with are required in
month 13. At this point, any special provisions required to perform the cross-joint LSP contacting are
also required.

On-site support

The project shall provide on-site support and be responsible for the succesfull implementation of the
tooling and equipment in the MCA. This covers both the initial tooling integration as well as the
performance of the joining operation itself.

Process performance verification and analysis

Running throughout the course of the project, this activity first verifies critical process parameters and
tooling functionalities. It therefore focuses first on fundamental experimental and simulative studies
regarding the principal process parameters before moving on to take special consideration of
inspection and in-line process control techniques. Besides the applicant own work and results, data
from the wider Demonstrator consortium will need to be considered during this development.
Improved functionality implementation and verification on welding equipment

Subsequent to the detailed performance analysis, lessons-learned shall be applied to the tooling
design, in particular the end effector(s). These shall be verified, prefferably experimentally within the
timeframe of this project. The specific focus lies in the implementation of further in-line process
monitoring and control methods with a view to directly feeding into the demonstrators Product
Lifecycle Management Digital Twin within 3D Experience.

Documentation and Dissemination

All work packages shall strive to perform in particular scientific publications as well as support the
standardization of thermoplastic welding processes when applied to commercial aircraft.
Technological de-risking trials and simulation

Running throughout the duration of the project, this activity encompasses all required testing and
simulation activities. As such, it represents a crucial stream of coupon and element level
manufacturing and performance trials. While initially this stream will need to focus strongly on the
actual joining operation itself, it will transform more towards monitoring, control and industrial
integration as the project progresses. The applicant is expected to propose a list of relevant tests at
coupon and barrel level.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R= Report, RM= Review Meeting, D=Data, HW=HardWare

Deliverables
Ref. No. Title - Description Type* Due Date
D1 Tooling Specific Design Requirements Dossier Report T+1M
D2 Welding End effector and auxiliaries design Data T+7M
D3 Welding Technology: De-risking test and simulation Report T+10M
intermediate report
D4 Delivery of Welding End effector and auxiliaries Hardware | T+11M
D5 Delivery of Welding Test pieces for Tooling verification Hardware | T+11M
D6 Delivery of Butt strap stripes for Barrel closure Hardware | T+13M
D7 Welding End effectors and auxiliaries integrated in MCA Hardware | T+13M
D8 On-site support, Quality assurance completed Report T+18M
D9 Equipment optimization report Report T+28M
D10 Welding Technology: De-risking test and simulation final report | Report T+29M
D11 Delivery of optimized welding equipment Hardware | T+29M
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Milestones (when appropriate)

Ref. No. Title - Description Type* Due Date
M1 Kick-off Meeting Meeting T0

M2 Intermediate Tooling Review Review T+4M

M3 Tooling Specific Design Review Review T+7M
M4 Tooling Manufacturing Review and Delivery acceptance Review T+11M
M5 Barrel Joining Review: Tooling performance review Review T+18M
M6 Functionality optimization progress Review Review T+24M
M7 Final Project Meeting Meeting T+30M

In order to facilitate planning, the project is displayed within the context of the overall Multifunctional

Fuselage in Figure 8.

Longitudinal Barrel Joints

2019 | 2020 | 2021 | 2022 | 2023
Multifunctional Fuselage
Integrated Distributed Design - .
Design Phase Phase 2 e I e
Principal Technology Development: Level 6-5 Principal Technology Validation: Level 5-2
Tooli Parts Manufacturi Module MCA Technology Validati Barrel
ooling arts Manufacturing Assembly echnology Validation on Barre

Reviews @ @ @ L 2 L
N
A S5 £
N . . .,
g & & 5F $e SF &S
< o 3 &L S & ¥ N
SF fa85s T8 T
ok @ > & A0 I &
& &L S S < &
Q'-Z‘QJQQSJ X Q)m S Q:'b

Figure 8: Timeline of the project in raltion to the overal Multifunctional Fuselage. Deliverables and Milestones for

this project are marked.

4. Special skills, Capabilities, Certification expected from the Applicant(s)

It is expected that the interdisciplinary core competences required for the successful delivery of this
project can only be found by a highly competent consortium incorporating industrial and academic

partners with proven and recognized core competences.

Essential:

o  Skill: In-depth project management in time, cost and quality together with evidence of past
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experience in large project participation.

e  Skill: Specific machine tool design, manufacture and support to industry proven on a regular and
recent basis

e  Skill: Proven expertise in the provision of conduction welding equipment for thermoplastics

e  Skill: In-depth understanding of thermoplastic materials and welding thereof

e  Skill: Online process monitoring and control for Quality Assurance

e Capability: In-house equipment for the chosen welding technologies

e Capability: Implementation of 3D Experience for the conduct of this project

Advantageous:

o  Skill: Integrated Way-of-Working within a Product Lifecycle Management environment

e Skill: Manufacturing and Processing validation for large passenger aircraft, in particular for
composites

e  Skill: Experience with PAEK material family, preferably regarding welding

e  Skill: Recognized successful collaborations in the fields of Manufacturing Engineering and Materials
and Processes

e  Skill: Utilization of 3D Experience in a partner environment

5. Abbreviations

CfP Call for Proposals

CFRP Carbon Fibre Reinforced Polymer
LSP Lightning Strike Protection

MCA Main Component Assembly

TLO Top Level Objective

WP Work Package
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JTI-CS2-2020-CfP11-LPA-02-34: Tooling, Equipment and Auxiliaries for the closure of a

longitudinal Barrel Joint: Overlap joint and Frame Coupling integration

Type of action (RIA/IA/CSA): 1A

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 2.1

Indicative Funding Topic Value (in k€): 1400

Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action (in 30 Indicative Start Date (at > Q4 2020

Months): the earliest)®:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-02-34

Tooling, Equipment and Aukxiliaries for the closure of a longitudinal
Barrel Joint: Overlap joint and Frame Coupling integration

Short description

Ultrasonic and resistance welding heads, auxiliary equipment and consumables for the closure of an 8m
typical fuselage barrel need to be designed, manufactured, supplied and serviced on-site for this topic.
Furthermore, following barrel closure, results need to be analysed and additional functionalities
regarding improved in-situ monitoring and control integrated into the welding heads.

Links to the Clean Sky 2 Programme High-level Objectives™!

This topic is located in the demonstration area:

Cabin & Fuselage

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport

type as presented in the scene setter:

Advanced long range
Advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X O X Ol

* The start date corresponds to actual start date with all legal documents in place.
*! For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

Funding and Tenders Portal.
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1. Background

Technical Challenge

The WP2.1 Integrated Fuselage has ambitious targets in reducing the fuselage weight, reducing its costs
and production leadtime while enabling a high production rate of minimum 75+ aircrafts per month and
improving its manufacturing flexibility.

In the frame of WP2.1, the Multi-Functional Fuselage Demonstrator (Figure 1) seeks to validate high
potential combinations of airframe structures, cabin, cargo and system elements using composite
thermoplastics, innovative design principles and advanced system architecture in combination with the
next generation cabin, through a large-scale complex demonstration at full size.

This topic will contribute to WP2.1 by tackling one of the most critical and important aspects of this
demonstration that is the realization of barrel closure in a representative Main Component Assembly
environment. This topic addresses the closure of the Butt strap joint and Lightning Strike Protection
continuity.

The objective of this topic is the provision of tooling heads, on-site support and all required operational
information for the closure of a longitudinal barrel joint of a pre-equipped aircraft fuselage
demonstrator from thermoplastic structural material.

Prototype tooling heads need to be delivered early on in the project to the existing Main Component
Assembly. Further development is focussed on industrial maturation with a particular focus on in-situ
monitoring and control.

$ 0y
- \’
- = \’

Figure 1: lllustration of the intermediate overall demonstrator design with the longitudinal joints highlighted
(purple)

Two main challenges are presented in this topic:
e Overlap joint (Figure 2):

o The 8m long overlap joint on the demonstrators’ right hand side (in flight direction)
connects the Upper and Lower Fuselage skins. In a longitudinal direction, skin thickness
below 3mm is constant in the welding zone. In the circumferential direction, skin’s
feature a stepped geometry for improved structural performance.

o Ultrasonic welding is the preferred joining in order to achieve high production rate.

C5-GB-2019-11-21 Annex Ill CFP11 WP and Budget 2020-21 85



S

Clean Sky

e Frame coupling integration (Figure 5):
o Overlap joint: Frame couplings beneath the overlap joint need to structurally bond the
Upper and the Lower Shell frames.
o Butt strap: Frame couplings beneath the Butt strap need to structurally bond the Upper
and the Lower Shell frames as well as connect to the skin.
o Resistance welding is the preferred technology for this technical challenge.

Figure 5: Frame coupling integration: Frame couplings differ per side.
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Work Package Breakdown Structure
In order to achieve the different technical and technological challenges defined in the demonstrator, the
Work Package Breakdown Structure and activity scope matrix shown in Figure 6 is recommended.
In this manner, each of the primary Work Packages (WP) addresses one of the Top Level Objectives
(TLO) of this topic.
These are:
e Achievement of a high quality, stepped butt strap integration connecting the upper and lower
fuselage skins
e Achievement of the electrical coupling of the upper and lower fuselage skins Lignting Strike
Protection.
Furthermore, underlying developments and activities need to be conducted to enable the succesfull
achievement of these TLO’s. While the majority of of these are descriped in more detail within Chapter
Error! Reference source not found. Error! Reference source not found., special note should be made of
the need to supply auxiliary structures and materials, such as counterholders, or safety relevant
provisions and equipment. Depending on the technological variants chosen, a dedicated WP for this may

be beneficial.
3 Overlap Joint and Frame
Couplings

Welding Equipment

Testand
Simulation

Longitudinal Frame

Overlap Coupling Auxiliaries

for MCA

In-process monitoring
and inspection Joint Welding

MCA
implementation

Assembly tooling
and auxiliaries

Figure 6: Work Package Breakdown Structure and key activity matrix

Project environment

The project addresses some of the most important interfaces with respect to the CleanSky 2 Large
Passenger Aircrafts Multifunctional Fuselage. As such, the project may be led through WP2.1.3
Integrated concepts definition and maturation, but it requires a very open exchange between partners
delivering the Lower and Upper Shell structures, the Main Component Assembly partnership (WP2.1.6),
welding technology developers and associated project consortia.

Furthermore, cooperation with the complementary project responsible for the tooling development and
supply for the butt strap joint is essential in order to enable electrical continuity across the overlap joint.
An overview of the current WBS of the Multifunctional Fuselage is given in Figure 7.
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WP 2.1

Next Generation Fuselage, Cabin and Systems Integration

. 3 * *
Wwp 2.1.1 o WP212 o WP 2.1.3 WP 2.1.4 o WP215 o WP 2.1.6 ‘ WP 2.1.7

Requirements, [*Multifunctional Integrated Techno Bricks |® Lower Shell Circumferential

hnol f hell | & Longitudinal § 280000
technology concepts concepts or Upper She Development Longitudina D

value analysis definition and definition and Elements and Joints
and integration maturation maturation Manufacturing

° +

Figure 7: Next Generation Fuselage, Cabin and Systems Integration. Led through WP2.1.3 “Integrated concepts
definition and maturation” a strong link to WP2.1.6 is required to WP2.1.6 Circumferential & Longitudinal Joints. In
addition, close cooperation is expected in particular with WP2.1.2 and 2.1.5 where important welding
developments are taking place.

2. Scope of work

Tasks
Ref. No. | Title - Description Due Date
TX.1 Requirements analysis and Functional Breakdown T+1M
TX.2 Tooling Specific Design T+6M
TX.3 Tooling manufacturing and delivery T+11M
TX.4 On-site support T+17M
TX.5 Process performance verification and analysis T+18M
TX.6 Improved functionality implementation and verification on welding T+27M
equipment
TX.7 Documentation and Dissemination T+28M
TX.8 Technological de-risking trials and simulation T+30M
TX.1 Requirements analysis and Functional Breakdown T+1M

Each of the Work Packages needs to conduct a number of tasks in order to fulfill the objectives of the
topic:

Requirements analysis and Functional Breakdown

At the start of the project, the selected applicant shall receive the Requirements and Specification
document as well as background information stemming from preparatory work conducted by the
WP2.1 consortium. The applicant needs to analyse and further break-down these needs into tooling
relevant requirements and functionalities. The outcomes of this activity will then serve as the main
guiding principles for the specific tooling design phase. Particular emphasis will be placed on Health
and Safety, Performance and Monitoring thereof.

Tooling Specific Design

The tacted Tooling Specific Design shall be characterized by regular exchanges between the lead
tooling designers of the applicant in order to ensure compatibility, allow an early familiarization of
users with the equipment and prioritize functionality integration.

Tooling manufacturing and delivery

At the end of this activity, the required tooling heads, test pieces, auxiliary structures and equipment
shall have been supplied. A staggered delivery schedule is preffered over a single bulk delivery to
facilitate project conduct and MCA integration. Specifically, tooling for the Overlap joint is expected by
month 10 with Frame coupling integration tooling by month 11. At these dates, test pieces for
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integration in the MCA are also required. Consumables and parts for the barrel demonstrator, such as
the frame couplings with pre-integrated meshes for resistance welding, are required in month 13.
On-site support

The project shall provide on-site support and be responsible for the succesfull implementation of the
tooling and equipment in the MCA. This covers both the initial tooling integration as well as the
performance of the joining operations themselves.

Process performance verification and analysis

Running throughout the course of the project, this activity first verifies critical process parameters and
tooling functionalities. It therefore focuses first on fundamental experimental and simulative studies
regarding the principal process parameters before moving on to take special consideration of
inspection and in-line process control techniques. Besides the applicant own work and results, data
from the wider Demonstrator consortium will need to be considered during this development.
Improved functionality implementation and verification on welding equipment

Subsequent to the detailed performance analysis, lessons-learned shall be applied to the tooling
design, in particular the end effector(s). These shall be verified, prefferably experimentally within the
timeframe of this project. The specific focus lies in the implementation of further in-line process
monitoring and control methods with a view to directly feeding into the demonstrators Product
Lifecycle Management Digital Twin within 3D Experience.

Documentation and Dissemination

All work packages shall strive to perform in particular scientific publications as well as support the
standardization of thermoplastic welding processes when applied to commercial aircraft.
Technological de-risking trials and simulation

Running throughout the duration of the project, this activity encompasses all required testing and
simulation activities. As such, it represents a crucial stream of coupon and element level
manufacturing and performance trials. While initially this stream will need to focus strongly on the
actual joining operations themselves, it will transform more towards monitoring, control and industrial
integration as the project progresses. The applicant is expected to propose a list of relevant tests at
coupon and barrel level.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R= Report, RM= Review Meeting, D=Data, HW=HardWare

Deliverables
Ref. No. Title - Description Type* Due Date
D1 Tooling Specific Design Requirements Dossier Report T+1M
D2 Welding End effector and auxiliaries design Data T+7M
D3 Welding Technology: De-risking test and simulation Report T+10M
intermediate report
D4 Delivery of Welding End effectors and auxiliaries Hardware | T+11M
D5 Delivery of Welding Test pieces for Tooling verification Hardware | T+11M
D6 Delivery of Frame couplings for Barrel closure Hardware | T+13M
D7 Welding End effectors and auxiliaries integrated in MCA Hardware | T+13M
D8 On-site support, Quality assurance completed Report T+18M
D9 Equipment optimization report Report T+28M
D10 Welding Technology: De-risking test and simulation final report | Report T+29M
D11 Optimized welding equipment Hardware | T+29M

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 89



9

Clean Sky

Milestones (when appropriate)

Ref. No. Title - Description Type* Due Date
M1 Kick-off Meeting Meeting T0

M2 Tooling Intermediate Design Review Review T+4M
M3 Tooling Design Reviews Review T+7M
M4 Tooling Manufacturing Review and Delivery acceptance Review T+11M
M5 Barrel Joining Review: Tooling performance review Review T+18M
M6 Functionality optimization progress Review Review T+24M
M7 Final Project Meeting Meeting T+30M

In order to facilitate planning, the project is displayed within the context of the overall Multifunctional
Fuselage in Figure 8.

2019 | 2020 | 2021 | 2022 | 2023
Multifunctional Fuselage
Integrated Distributed Design L ;
Design Phase Phase 2l U (e
Principal Technology Development: Level 6-5 Principal Technology Validation: Level 5-2
Tooli Parts Manufacturi Module MCA Technology Validati Barrel
ooling arts Manufacturing Assembly echnology Validation on Barre

Longitudinal Barrel Joints

Reviews @ @ @ ¢ ¢ g ¢
> < 2 kY
& & F oo & £ £
AN @ N -S IS IS
¢ @ Q S & S S g
To £, & S¢ s & S
& &S E § s§&  &F
S o © & < 8 &5
g & &
§§ &
(8)
&«
N

Figure 8: Timeline of the project in raltion to the overal Multifunctional Fuselage. Deliverables and Milestones for
this project are marked.

4. Special skills, Capabilities, Certification expected from the Applicant(s)

It is expected that the interdisciplinary core competences required for the successful delivery of this
project can only be found by a highly competent consortium incorporating industrial and academic
partners with proven and recognized core competences.

Essential:

e  Skill: In-depth project management in time, cost and quality together with evidence of past
experience in large project participation.

e Skill: Specific machine tool design, manufacture and support to industry proven on a regular and
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recent basis
e Skill: Proven expertise in the provision of ultrasonic welding equipment
e Skill: Proven expertise in the development of resistance welding solutions
e Skill: Integration of electrically active and controlled members into CFRP material
e  Skill: In-depth understanding of thermoplastic materials and welding thereof
e  Skill: Online process monitoring and control for Quality Assurance
e (Capability: In-house equipment for the chosen welding technologies
e Capability: Implementation of 3D Experience for the conduct of this project

Advantageous:

e  Skill: Integrated Way-of-Working within a Product Lifecycle Management environment

e Skill: Manufacturing and Processing validation for large passenger aircraft, in particular for
composites

e  Skill: Experience with PAEK material family, preferably regarding welding

e Skill: Recognized successful collaborations in the fields of Manufacturing Engineering and Materials
and Processes

e  Skill: Utilization of 3D Experience in a partner environment

5. Abbreviations

CfP Call for Proposals

CFRP Carbon Fibre Reinforced Polymer
LSP Lightning Strike Protection

MCA Main Component Assembly

TLO Top Level Objective

WP Work Package
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XIl.  JTI-CS2-2020-CfP11-LPA-02-35: Innovative disbond arrest features for long thermoplastic
welded joints

Type of action (RIA/IA/CSA): IA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 2.1.5

Indicative Funding Topic Value (in k€): 750

Topic Leader: Fokker Type of Agreement: Implementation Agreement

Duration of the action | 24 Indicative Start Date (at | > Q4 2020

(in Months): the earliest)*:

Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-02-35 Innovative disbond arrest features for long thermoplastic welded
joints

Short description

Long welded joints in thermoplastic composites such as stringer to skin offer benefits in weight and cost.
Damage and propagation thereof in long welded joints can be mitigated by means of a disbond arrest
feature like a friction stir welded insert. This topic involves fundamental research into:

e Analysis and validation of damage propagation along a welded thermoplastic joint

® Development a of ‘dustless’ disbond arrest feature like friction stir welding

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area: Cabin & Fuselage

The outcome of the project will mainly contribute to | Advanced Long-range
the following conceptual aircraft/air transport type as | Advanced Short/Medium-range
presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Cd Cd X Cd

*2 The start date corresponds to actual start date with all legal documents in place.

*3 For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
Funding and Tender Portal.
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1. Background

Large Passenger Aircraft (LPA) Platform 2 — Multifunctional Fuselage Demonstrator:

The objective of Large Passenger Aircraft (LPA) Platform 2 WP2.1 Multifunctional Fuselage
Demonstrator (MFFD) is to validate high potential combinations of airframe structures, cabin, cargo, and
system elements using advanced materials and applying innovative design principles in combination
with the most advanced system architecture of next generation cabin. The demonstration will enable
aircrafts higher production rate together with a fuselage weight and recurring cost reduction.

The driver of this approach is to attain a significant fuel burn reduction by substantially reducing the
overall aircraft energy consumption, apply low weight systems and architecture integration to be able to
cash in weight potentials in the structural design of the fuselage and the connected airframe structure.
Design activities started on the development of the lower half of the multifunctional fuselage
demonstrator (MFFD). This part of the project will develop, manufacture and deliver a 180° full scale
multi-functional integrated thermoplastic lower fuselage shell, including cabin and cargo floor structure
and relevant main interior and system elements. The demonstrator has a length of around 8m, and a
varying radius between 2 and 2.5m, similar to an A321 lower half fuselage.

The applicants work will involve key aspects of the activity on the MFFD and as such is linked to
WP2.1.5.

Figure 1 provides a view on the lower half fuselage module concept with some characteristic features
highlighted. The lower fuselage module itself is divided into two main modules: the lower fuselage
stiffened shell module and the passenger floor and cargo hold module.

Figure 1: Overview of the MultiFunctional Fuselage demonstrator, lower half

Innovative disbond arrest features for long thermoplastic welded joints
Aircraft structural weight depends on allowable minimum thicknesses and stiffness which in turn are
often determined through allowables and minimum thicknesses for countersunk fasteners. To date,
mechanical fastening is the primary joining technique in aerospace structures, both in metallic as well as
composite components. For thermoplastic composites however, welding offers a far more efficient
joining method and has the potential to relax thickness requirements which leads to significant weight
savings. Despite this significant advantage, the majority of welded joints still have fasteners due to
stringent certification guidelines for bonded joints that are also applied conservatively to welded joints.
For bonded joints, AMC 20-29 state:

"For any bonded joint, the failure of which would result in catastrophic loss of the aeroplane,

the limit load capacity must be substantiated by one of the following methods:

(i) The maximum disbonds of each bonded joint consistent with the capability to withstand the

loads in paragraph (a)(3) of this section must be determined by analysis, tests, or both.
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Disbonds of each bonded joint greater than this must be prevented by design features*; or
(i) Proof testing must be conducted on each production article that will apply the critical limit
design load to each critical bonded joint; or
(iii) Repeatable and reliable non-destructive inspection techniques must be established that
ensure the strength of each joint."

*) design feature in this context is the same as a Disbond Arrest Feature (DAF)

In relation to the certification guidelines, the aim of this topic is to advance towards a certifiable joint

with two main objectives:

1. Exploration of novel disbond arrest features with particular emphasis on automated manufacturing
process

2. Physical validation of the influence of specific parameters i.e. material, DAF pitch and loading
conditions on the disbond propagation mechanism resulting in some initial design guidelines.

The lower half of the thermoplastic multifunctional fuselage demonstrator consists of omega stringers
that are welded to the skin, see figure 2. The DAFs are primarily envisioned to be developed for these
long welded joint. The frames are connected to the skin using frame clips which make a natural location
for a disbond arrest feature as this is where concentrated out of plane loading acts on the joint.

Figure 2: Stringers and clips welded to a thermoplastic fuselage

In the context of this demonstrator top level requirements to disbond arrest features are:

The installation process must be dustless, no drilling & fine dust generation is allowed

The solution should have good out-of-plane load bearing capability

It must be feasible to have a full automated process, to ensure short cycle times and low cost
The DAF must be installed at the inside on top of the stringer flanges/frame clip flanges and thus
facilitate edge distance around 15mm to an upward edge.

Total thickness of frame clip, stringer and skin vary between 4 and 10mm

Friction stir welded rivets are considered to offer a promising candidate solution for a DAF as no
mechanical drilling is used and the process is relatively fast and low cost.
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2. Scope of work

The scope of work is summarized in three work packages as stated in the table below.

Work packages*

Ref. No. | Title - Description Due Date
WP1 Project management, dissemination and exploitation M24
WP2 Development and manufacturing of Disbond Arrest Feature M17
WP3 Validation of disbond propagation mechanism M23

(*) note that the work package numbering shall start with 1

WP1 Project management, dissemination and exploitation

The first work package includes all project management, dissemination and exploitation activities. It will
be running through the whole project. For the project management part, typical activities include
project administration, financial management, scheduling and risk management. A very important
aspect of any Clean Sky 2 funded project is dissemination and exploitation. The applicant is expected to
disseminate as appropriate through peer revieved journals and present a clear vision on exploitation of
the technology.

WP2 Development and manufacturing of Disbond Arrest Feature

The scope of this work package is to mature the specific dustless DAF manufacturing and/or installation
process in the context of a fully automated production environment. The applicant is asked to present a
development manufacturing plan for the installation of DAF at the clip, stringer, skin joint and at the
stringer skin joint. Demonstration of a manufacturing approach that allows for installation of the DAF in
close proximity of upward flanges is part of this work package.

If successful, the topic manager would like to invite the applicant to demonstrate this technology on
parts of the demonstrator.

WP3 Validation of disbond propagation mechanism

The applicant will start with a short max 2-month literature review on Disbond Arrest Features (DAF)
with emphasis on validation means. This literature review combined with inputs from the Topic
Manager will be the basis for a test validation plan. For this topic, the primary means of validation will
be through fatigue testing. The evaluation of the test results will lead to an initial set of design
guidelines. One important design parameter is the minimum distance between two consecutive DAFs.
The proposed test program should provide more insight in the justification of specific distances.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R= Report, RM= Review Meeting, D=Data, HW=Hardware

Deliverables

Ref. No. Title - Description Type* Due Date
D1 Project management, dissemination and exploitation plan R M2

D2 Manufacturing development plan for DAF installation R M4

D3 Evaluation report on demonstration of DAF installation R,D M18

D4 Industrialisation plan R M22

D5 Structural test plan R M4

D6 Test evaluation report inc. data R, D M22
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Milestones (when appropriate)

Ref. No. Title - Description Type* Due Date
M1 Kick-off meeting RM M1

M2 Definition and test preparation review meeting RM M4

M3 Manufacturing review meeting RM M12

M4 Test evaluation review meeting RM M22

M5 Final Evaluation & industrialisation review meeting RM M23

Gannt Chart for deliverables and Milestones

wp Description

Project management, dissemination and

WP1 .
exploitation

Development and manufacturing of
Disbond Arrest Feature

Validation of Disbond propagation
mechanism

WP2

WP3

Deliverable ‘ Milestone ‘

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

e Sound technical knowledge in the field of proposed contributions and ability to demonstrate that
their knowledge is widely recognized.

e Sound knowledge in structural fatigue testing of these structures as well as the capability to
manufacturing test articles.

e Availability of Equipment and demonstrated expertise in the automated installation of the Disbond
Arrest Feature

Advantageous:

e Work-shop facilities in line with the proposed deliverables and associated activities or, if such
equipment is not available, exisiting relation with institutions or companies that accommodate such
equipment.

e Experience in writing journal articles in the related field

e Evidence of the ability to cope with the required high level of adequate resources in qualified
personnel, required tools and equipment.

e Demonstrated experience in management, coordination of development projects

5. Abbreviations

AMC Acceptable Means of Compliance

CcS Certification Specification

DAF Disbond Arrest Feature

LPA Large Passenger Aircraft

MFFD MultiFunctional Fuselage Demonstrator
WP Work Package
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XIV.  JTI-CS2-2020-CfP11-LPA-02-36: Large scale aircraft composite structures recycling [ECO]
Type of action (RIA/IA/CSA): 1A
Programme Area: LPA [ECO]
(CS2 JTP 2015) WP Ref.: WP 2.4
Indicative Funding Topic Value (in k€): 1800
Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action (in 36 Indicative Start Date (at > Q4 2020
Months): the earliest)**:
Topic Identification Code Title

JTI-CS2-2020-CfP11-LPA-02-36 Large scale aircraft composite structures recycling [ECO]

Short description

Large scale carbon fiber composite structures have become a standard element of modern aircraft and
in future aircraft the level of composite material content, the total amounts in mass and volume, as well
as the combination with other materials in “hybrid” parts or components is expected to grow
substantially. This brings new opportunities to further improve aircraft performance and
competitiveness in the industrial production but also new challenges in other areas: the end of life.
Within this project, methods for the salvaging, dismantling and recycling of a large transport aircraft
with large, complex CFRP composite structures shall be investigated and demonstrated.

A special focus will be put on the areas of health and environment, with the physical means to protect
environment and men during the dismantling process.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area: Eco design

The outcome of the project will mainly contribute | Advanced long range
to the following conceptual aircraft/air transport | Advanced Short/Medium-range
type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
Ol Ol O X Ol

** The start date corresponds to actual start date with all legal documents in place.

*> For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
Funding and Tenders Portal.
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1. Background

Large scale carbon fiber composite structures have been in use since the early 80s, in the vertical tail
plane of Airbus aircraft. Once such aircraft were retired, those structures could still be dismantled using
conventional methodes thus posing no issue to existing end-of-life routes. But with the introduction of
CFRP as a major construction material in the latest generation of aircraft asthe A350, new challenges for
the end-of-life processes of such aircraft arose.

The critical issue is the use of CFRP for the fuselage and wing. While aluminum aircraft could simply be
dismantled with large hydraulic scissors and comparable separation methods, these approaches don’t
work for composite aircraft. E.g. in the root section of the A350 wing, carbon fiber laminats of several
centimeters thickness can be found. Such thick CFRP laminates cannot be cut with a hydraulic scissor
anymore and pose a problem for the dismantling of such structures once they have to taken apart.
Therefore it will be necessary be to establish an appropriate technique to separate functional parts of
other materials embedded in complex components made from CFRP composite (hybrid materials), with
the latter being a trend to provide new design opportunities for CFRP primary and also secondary
structures.

In addition to the problems CFRP poses due to the strength of the material itself, cutting or sawing
composite materials requires significant technical means for the techniques and cutting materials
themselves, as well as requiring intense care to protect the direct environment and people from dust
and debris caused during the dismantling process.

Once dismantled and recovered from the aircraft, such composite structures can nowadays be recycled
through processes like pyrolysis to revocer the fibre materials or discarded through high temperature
incineration. At the scale targeted here, this will require a comminution process, as conventional
recycling ovens do not allow for the direct introduction of whole fuselages or sections, but are rather
restricted due to oven (door) sizes which range from roughly 1x0,5m to about 2,5x2,5 m at different
recycling providers. But once brought to adequate size for recycling the processes therefore are well
known.

To actually close the material cycle, the recycled carbon fibers (rCF) should then actually be reused in
new serial applications, a gap the composite industry has yet to close. Hence identifying and developing
applications for the re-application of rCF in new materials and especially large volume part applications
is an integral part of the circular economys success.

2. Scope of work

The core element of this CfP is the identification and demonstration of industrially and environmentally
safe methods for the dismantling and recycling of carbon fibre composite aircraft. The assumption shall
be that an Airbus A350 or comparable aircraft has been grounded at an airport within Europe, with a
technical issue that deems it to be dismantled and removed from the airport without interrupting the
ongoing airport operation as worst case scenario. Besides that the standard scenario of a planned end-
of-life with shall be investigated where the aircraft can be taken to a defined dismantling site.

In the context of the activities in CS2 LPA WP2.4, a close exchange between the supporting activities
about part design and manufacturing technologies will be required as to align the final dismantling
technologies (e.g. debonding on demand) with the initially developed and used joining technologies, to
include an aspect of “design for recycling” in early development phases of such new aircraft structures.

Therefore, this CfP includes the following areas of work:
- Legal and environmental requirements analysis
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Legal framework: what is the legal framework in which the dismantling of aircraft on an
operating airport can take place. This includes, but is not limited to, airport regulations and
governmental/legal regulations.

Environmental and safety requirements: how can the direct (and indirect) environment be
protected from byproducts of the dismantling process, e.g. CFRP fragment debris and dust,
polluted slurry from coolant for cutting processes. What personal safety precautions are
required from personnel working on-site, what is the perimeter in which safety precautions
have to take place?

- Aircraft general preparation

O

Valorisation of reuseable parts: before the process of separation of the CFRP fuselage and
wing structures into transportable structure size, valorisation of reuseable structures of the
aircraft shall take place. In principle, this can be represented by existing processes of today
where engines, avionic systems, seats and other elements of the aircraft are removed and
refurbished for later sale and reuse. But with the increased life span of composite materials,
new areas of reuse - like the complete reuse of flaps or Vertical Tail Planes — can be
investigated.

Hazardous materials handling: The later dismantling process requires the removal of any
liquids, harmfull substances (hydraulic fluids, fuels etc.) and potentially harmful objects (e.g.
batteries) that could pose a harm to the environment or people or become a barrier for the
separation of parts (local accumulations of material, high location of high performance
metals and composite/metal-hybrids. Identifying what those elements are and how to
remove them safely is the main area of work herefor.

“CFRP Aircraft End-of-life process map”: before an actual dismantling can take place, a clear
planning including aircraft engineering has to take place to derive the optimal cut position
and angles, what cutting methods shall be used, the recommended process parameters
therefor and in what sequence the cuts shall take place. Significant effort should be put into
a determination of the continuously changing center of mass of the aircraft during this
process to identify the adequate hoisting points thus reducing the risk of any part of the
aircraft collapsing or tilting in an harmful way. Output of this work shall be a process
sequence (what has to be cut where, into how many pieces of what sizes using which
defined technical means) and a graphical represenation the chosen target aircraft giving
specific dismantling guidelines (cutting sequence, hoisting positions etc.).

- Dismantling of carbon composite aircraft

O

O

Dismantling site preparation: the site and perimeter where the phsical dismantling of CFRP
aircraft has to take place needs to be prepared to avoid any contaminants from the cutting
process or other materials leaking uncontrollably into the ground or sewer system. These
means of preparation have to be defined.

Aircraft dismantling preparation: Besides the general salvaging of parts for re-use described
earlier, the aircraft has to be prepared for the dismantling process itself. This can include
local safety measures that have to be applied, hoisting points that are have to be added to
the existing structure, markings that are used as orientation during the cutting process.
Hoisting approach: What means of hoisting can be used to move or secure large scale parts
once the dismantling has started. Additionally, the weight distribution of the aircraft in
relation to the position of cuts needs to be taken into account to safely hoist the cut parts.
Based on the “Aircraft EoL Map” from the prior workpackage, a sound approach to hoisting
has to be defined.

Dismantling approach and technologies/separation methods: How will the dismantling of an
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aircraft with composite fuselage and wing be approached? What are sensible sizes for the
cut elements, what are the boundaries in which to operate (e.g. defined by transportable
size or by recycling-ovens sizes)? What technical methods can be used to cut entire fuselage
sections? What specific approaches can be developed to disassemble thermoplastic
parts/joints (e.g. “debonding on demand”)?

- Recycling of large scale composite structures

As the recovery of carbon fibres from CFRP materials through pyrolysis processes is already
industrially viable and explored in a previous project, working on the these shall not be part of this
CfP. Rather the prior and posterior steps require further development. Though one workpackage is
planned to allocate budget to a physical recycling trial from the parts recoverd in the scope of this
CfPs work, to be used on the workpackage “Valorisation of recycled carbon fibre materials.

o CFRP comminution methods: due to its material composition CFRP materials are hard to cut
or crush into smaller parts which then can be fed into recycling processes. Thus, an
comparative investigation of comminution methodes to identify the most cost-effective way
is required for this CfP.

o Recycling of recoverd CFRP parts: an examplary amount of CFRP parts recoverd in the scope
of this CfPs work shall be recycled using existing means, e.g. pyrolysis processes, to aquire
fibres for the valorisation-workpackage below.

o Valorisation of recycled carbon fibre materials: identification of (a set of) applications for
rCF. It is not necessary to physically realize a new rCF-part within this CfP, but a set of
potential parts alongside explanations why this is a good canidate in terms of value and
potential amount of rCF materials reused therefor shall be given.

- Logistics: to reduce the time on site that is required for an aircrafts dismantling it might be desired
to only cut large scale fuselage sections and transport them to another site for further treatment.
Within this part of the CfP it shall be investigated how the transport of recovered parts on site can
be performed, what means of transport are recommended and how a logistics chain for the
dismantling of such an aircraft could look, starting at the point where the aircraft is taken out of
service up to the moment the recovered parts go into the individual recycling processes.

- Environmental and human protection means

o Environmental protection: to secure the direct and indirect environment from
contamination from the dismantling process, potential threats shall be identified and ways
of mitigation proposed. This includes dust and debris protection, recovery of polluted
substances like coolant used for cutting processes and other potential threats to the
environment.

o Human protection: identification of threats to the health of workers and people in the
perimeter of the dismantling site and proposal of adequate safety precautions.

- Concluding activities
o “CFRP Aircraft End-of-life process map”: before an actual dismantling can take place in a real
life scenario, a clear planning including aircraft engineering has to take place to derive the
optimal cut position and angles, what cutting methods shall be used, the recommended
process parameters therefor and in what sequence the cuts shall take place. Significant
effort should be put into a determination of the continuously changing center of mass of the
aircraft during this process to identify the adequate hoisting points thus reducing the risk of
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any part of the aircraft collapsing or tilting in an harmful way. Output of this work shall be a
process sequence (what has to be cut where, into how many pieces of what sizes using
which defined technical means) and a graphical represenation the chosen target aircraft
giving specific dismantling guidelines (cutting sequence, hoisting positions etc.).
This work shall summarize the prior technical workpackages in the form of a full process
description of how to approach the dismantling and recovery of a composite aircraft.
Life Cycle analysis: Performing a life cycle inventory of all relevant processes and materials
to contribute to the End-of-lifepart of a full life cycle analysis to be performed in the frame
of the ecoTA.
Cost analysis: Finally, a full description of estimated costs/benefits as well as time required
to perform the dismantling and recovery of an entire composite aircraft shall be given.

The core of this project will consist of thre major areas:

e Adaptation of state-of-the-art dismantling methods, known from metallic aircraft, for tackling CFRP
structures in non-dismantling-dedicated (mobile) locations, including the development of the
necessary means of environmental and personnel protection on the dismantling site against CFRP
dust, fragments and cutting slurry.

« The development of new dismantling technologies focussed on technologies applicable for
thermoplastic CFRP material systems. Specifically, the idea of “debonding on demand” shall be
pursued within the scope of this CfP (e.g. through local heating of weld lines).

o The development of a future dismantling and recycling supply chain covering the end-of-life of novel
composite aircraft.

Ref. No. Title Description Due

date

WP1 Legal and environmental requirements

WP1.1 |Legal framework Review of legal framework and TO+6
regulations

WP1.2 |Environmental and safety requirements | Analysis of requirements concerning the |T0+6
safety of personnel and the protection of
the direct environment from
pollution/contaminants

WP2 Aircraft general preparation

WP2.1 |Valorisation of reuseable parts Identification of aircraft parts that can TO+12
diretly by reused or otherwise valorised
(engines, avionic systems, cabin etc.)

WP2.2 |Hazardous materials handling Definition of what hazardous substances |T0+18
have to be taken into account and how to
prepare the fuselage accordingly

WP3 Dismantling of carbon composite aircraft

WP3.1 Dismantling site preparation Preparatory activities required to secure | T0+12
the site of aircraft dismantling

WP3.2 | Aircraft dismantling preparation Preparatory activities required secure the | T0+18
aircraft during dismantling, e.g. coverings,
attachment of additional hoisting points

WP3.3 | Hoisting approach Identification of technical means and TO+18

specific processes to hoist and move
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Ref. No. | Title Description
structures of the aircraft

WP3.4 | Dismantling approach and technologies/ | Identification and demonstration of TO+24

separation methods separation and segregation methods for

large scale carbon composite structures,
esp. debonding of welded joints in
thermoplastic composites

WP4 Recycling of large scale composite structures

WP4.1 | CFRP comminution methods Identification and demonstration of cost- | T0+21
effective comminution methods for large
and thick CFRP structures

WP4.2 | Recycling of recoverd CFRP parts Performing the physical recovery of TO+24
carbon fibers from parts recovered within
this CfP using state-of-the-art methods
(e.g. pyrolysis)

WP4.3 | Valorisation of recycled carbon fibre Proposal for a commercial valorization TO+30

materials system to monetize the performed work

WP5 Logistics Handling and transport of dismantled TO+12
composite structures on-site and
between dismantling site and recycling
facility or other points of further
processing

WP6 Environmental and human protection

WP 6.1 |Environmental protection Identification and demonstration of TO+18
physical means to protect the dismantling
site and its perimeter from
contamination

WP 6.2 | Human protection Personal safety precautions that haveto | T0+18
be performed by personnel working on
and around the dismantling site and its
perimeter.

WP7 Concluding activities

WP7.1 | “CFRP Aircraft End-of-life process map” | Full plan on the sequence and TO+36
technologies used for dismantling
summarizing the prior WPs

WP7.2 | Cost analysis Full description of estimated TO+36
costs/benefits, as well as time required to
perform the dismantling and recovery of
an entire composite aircraft

WP7.3 |Life cycle inventory/LCA LCA-analysis and reporting for all relevant | T0+30
processes performed
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3. Major Deliverables/ Milestones and schedule (estimate)

*Type: R= Report, RM= Review Meeting, D=Data, HW=HardWare

Deliverables

Ref. No. Title - Description Type* | Due Date

D1.1 Legal framework and requirements report R TO+6

D1.2 Environmental and safety requirements analyzed and means R TO+6
defined (report)

D2.1 R T0+12
Report on reusable part valorisation

D2.2 Guideline/report on how to prepare for hazardous or otherwise R TO+18
dangerous substances

D3.1 Report on required activities for dismantling site preparation based | R TO+13
on legal, operational and environmental requirements

D3.2 Report on required activities for preparing the actual dismantling/ | R TO+24
cutting processes of the aircraft

D3.3 Report/presentation on how hoisting large scale CFRP structures R TO+18
can be performed

D3.4 Detailed report and presentation on the technologies and process | R; D TO+24
sequence for the dismantling a composite aircraft, including
physical demonstrations at relevant scale

D4.1 Presentation and physical demonstration of comminution methods | HW TO+18

D4.2 Availability of a significant amount of recycled carbon fibres from HW TO+24
actual aircraft parts

D4.3 Report and presentation on potential applications of recycled R TO+30
carbon fibers

D5 Report on on-site (dismantling site) and of-site logistics (between R; D TO+12
dismantling and further processing)

D6.1 Detailed report, presentation and proof of viability for investigated | R TO+18
and proposed solutions for environmental protection of the
dismantling site

D6.2 Detailed report on the required safety precautions for personnel R TO+18
during the dismantling

D7.1 Detailed report and presentation on the full process sequence for R TO+36
CFRP aircraft dismantling and the technologies used therefor

D7.3 Environmental and safety requirements analyzed and means D TO+30
defined (report)

Milestones (when appropriate)

Ref. No. Title - Description Type* Due Date

M1 Legal, safety and environmental framework report and R TO+12
commercial assessment

M2 Dismantling technologies and logistics concept HW; R TO+18

M3 Physical trials performed HW; R TO+24

M4 LCA assessment R; D TO+30

M5 Full supply chain concept proposal R TO+32
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Milestones (when appropriate)
Ref. No. Title - Description Type* Due Date
M6 Final presentation of results R TO+36

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

e Contractor has proven experience in the dismantling of carbon fiber composite parts and handling
of large scale structures.

e Applicant(s) must have a detailed knowledge about the state of the art in carbon fiber materials,
their recycling and processing technologies as well as existing markets and legal barriers.

e Applicant(s) has to have a dedicated R&D department for material and process research to cover the
development of novel de-bonding methods.

e Applicant(s) has the capability to measure and collect economic process data for industrial
processes.

e Applicant(s) requires details knowledge about legal requirements realated to the matter of the topic

Advantageous:
e Applicant has or have access to a dedicated organisation for environmental safety
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XV.  JTI-CS2-2020-CfP11-LPA-02-37: Thermoplastic fuselage repair process integrated on
manufacturing line
Type of action (RIA/IA/CSA): 1A
Programme Area: LPA
(CS2 JTP 2015) WP Ref.: WP 2.4
Indicative Funding Topic Value (in k€): 800
Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action (in 30 Indicative Start Date (at > Q4 2020
Months): the earliest)®:
Topic Identification Code Title
JTI-CS2-2020-CfP11-LPA-02-37 Thermoplastic fuselage repair process integrated on manufacturing
line

Short description

Development of new technologies for in-house repair (rework) for structural and non-structural
applications on Single Part, Major Component Assembly and Final Assembly Line level. Two general
concepts shall be investigated in parallel:

® Welded thermoplastic Pre-consolidated Repair-Patch with parent material

® |n-Situ Layer-by-Layer Integration of Repair Patch

The developed approaches have to be demonstrated on representative structural detail level, taking
account the local design and thermal distribution into the structure related to typical design of fuselage
structures.

Links to the Clean Sky 2 Programme High-level Objectives®’

This topic is located in the demonstration area: Cabin & Fuselage

The outcome of the project will mainly contribute | Advanced long range
to the following conceptual aircraft/air transport | Advanced Short/Medium-range
type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

*® The start date corresponds to actual start date with all legal documents in place.

*” For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
Funding and Tenders Portal.
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1. Background

The objective of the work is to develop Repair / Rework capabilities for Thermoplastic Fuselage
Structures within Platform 2. The development of repair solutions is mandatory for thermoplastic
fuselage and targeted application of the repair principle is the multifunctional fuselage demonstrator.
The parallel development of technologies for TP-Repair is mandatory as enablers to ensure a
repairability of the Demonstrator in case of any damages during production or installation ans to ensure
repairability for any derived serial solution in the future.

Target is the development of advanced thermoplastic flush repair principles for usage in production
environment (rework) based on the requirements provided by WP2.1 and WP2.3.

LPA IADP Platform 2
Innovative Physical Integration Cabin-System- Structure
A-D Project Management Office
A-D
T b | e S
{ WF2.1 [ we22 fwp23 | i WP24 |
1 Nextctz:rner&atéor;::;i!age I Next Generation Cabin & | MNext Generation Lower 1 Non specific cross
: integra!;lon i Cargo functions i Center Fuselage : functions/ & ITD Airframe
l AD AD AF I [ar
i ———— - e ———— a’

The developed solutions shall be applicable on Single Part Level, on Major Component Assembly Level as
well as in Final Assembly Line Environment, taking into account specificities as substructures,
accessibility, installed Systems and Cabin components, Lightnigstrike Protection and Painting.

The state of the art of thermoplastic repair is based on bonded repair, with the associated features and
limitations due to possible weak bond (or kissing bond). Today no repair-technology utilizing welding as
major benefit of thermoplastic materials is available. Innovative content of the topic is to investigate the
thermoplastic welding as repair solution, as welding is one of the major benefit of thermoplastic
regarding thermoset. Novel approaches for welded and in situ consolidated repair principles shall be
investigated and developed in the following two streams:

The first development stream covers structural repair solutions based on pre-manufactured hard
thermoplastic patches of the parent material, which are integrated into the parent structure by means
of welding. The properties of the parent structure as well as of the patch after welding have to be
maintained according to the initial specification, to be provided by the topic manager.

The second development stream covers structural and non-structural repairs based on in-situ creation
of the repair patch. This can be based on a layer-by-layer approach (structural repair) or by a 3D printing
or shortfibre approach (non-structural). The properties of the parent structure as well as of the patch
(for structural applications) after in situ placement have to be maintained according to the initial
specification, to be provided by the topic manager. Specific development target solutions with one-side
accessibility are preferred (repair at FAL level with installed interior / systems).

Targeted Maturity for both streams at End of Project: TRL3

The development is targeting the rework process, the industrialization on demonstrator level and the
validation of the mechanical properties incl. state of the art NDI inspections of the final repair based on
the requirements of WP 2.1 and WP 2.2. Also the principle transfer of the developed solutions towards
in-service applications shall be investigated and qualitatively evaluated. A roadmap towards TRL6 is
expected in terms of process maturity as well as industrialization infrastructure development needs.

A potential application of (intermediate) results on exiting full scale demostrator-structures of WP has
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to be prepared and developed.

Out of Scope is the development of machining / scarfing operations to remove the damaged area and to
prepare the parent stucture for the integration of the repair. Also the Production capabilities of
standard pre-consolidated patches is not part of the target development, except any potential process-
related integration of production-aids for the welding process. Solutions based on adhesive Bonding are
also not targeted in this CfP. No NDI Development shall be performed.

2. Scope of work

Tasks

Ref. No. | Title - Description Due Date

Task 1 Definition of Requirements TO+2

Task 2 Screening and qualitative comparison of possible welding technologies for TO+6
hard patch repair for Single Part, MCA and FAL application

Task 3 Screening and qualitative comparison of possible technologies for In-Situ TO+6

Repair Patch creation for Single Part, MCA and FAL application
Task 4 Development and validation of Hard Patch Welding solution on coupon and | TO+18
element level (TRL3)
Task 5 Development and validation of In-Situ-Repair-Patch Solution on coupon and | TO+24
element level (TRL3)

Task 6 Demonstration of transfer on structural detail level (FAL/MCA) and TO+29
demonstrator applicability
Task 7 Technology comparison, applicability mapping and Roadmap to TRL6 TO+30
Task 1:

Definition of the specific repair requirements for in-production-repair applications (rework) based on
requirements and materials provided by the topic manager.

Differentiation between Single-Part, Major Component Assembly and Final Assembly production
environment and basic compilation of requirements for transfer to in-service repair applications.

Task 2:

Screening of possible welding technologies for hard patch repair for Single Part, MCA and FAL
application preferably based on technologies selected for the full scale demonstrator of WP 2.1 and 2.3
and agreed with the topic manager. Qualitative comparison for the different application scenarios.
Down selection of suitable welding technology for all application scenarios.

Task 3:

Screening of possible technologies for in-situ repair-patch integration for Single Part, MCA and FAL
application for structural and non-structural applications. Qualitative comparison for the different
application scenarios. Down selection of suitable technology for all application scenarios.

Task 4:

Development and validation of technology selected in Task 2 (welded hard patch) including
manufacturing process development and characterization and validation of structural performance of
the welding, the patch and the parent structure after welding in accordance with the material
specification and design allowables provided by the topic manager.

Target: TRL 3 demonstrated for selected Technology and application scenario(s).
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Task 5:

Development and validation of technology selected in Task 3 (in-situ patch creation) including
manufacturing process development and characterization and validation of structural performance of
the welding, the patch and the parent structure after welding in accordance with the material
specification and design allowables provided by the topic manager.

Target: TRL 3 demonstrated for selected Technology and application scenario(s).

Task 6:

Demonstration and validation of developed technologies (Task 4 & 5) on structural detail level (FAL /
MCA) with representative specimens including targeted geometrical complexity. Simulation of relevant
environment (accessibility, position of Part in assembly environment and presence of system installation
and/or cabin components) on lab-scale. Preparation and support of planned application on full scale
demonstrators.

Task 7:

Evaluation and comparison of results for all investigated Technologies with regards of applicability for
different damage scenarios, application environments (Single Part, MCA, FAL) and later transfer to in
service repair applications incl. consideration of standardisation & certification aspects. Definition of
required work towards TRL6.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R= Report, RM= Review Meeting, D=Data, HW=HardWare

Deliverables

Ref. No. Title - Description Type* | Due Date

Del 1 Requirement Summary R TO+2

Del 2 Comparison of possible welding technologies for Hard Patch R TO+6
Integration

Del 3 R TO+6

comparison of possible technologies for In-Situ Repair Patch
creation (Structural & Non-Structural)

Del 4 TRL 3 for of Hard Patch Welding solution R,D TO+18

Del 5 TRL 3 for In-Situ-Repair-Patch solution R,D T0+24

Del 6 Report on demonstration on structural detail level (FAL/MCA) and | R, D TO+29
demonstrator applicability

Del 7 Technology comparison, applicability mapping and Roadmap to R TO+30
TRL6

Milestones (when appropriate)

Ref. No. Title - Description Type* Due Date
Mil 1 Down selection on welding technology for hard patch repair M TO+6
to be investigated in Task 4 with Topic Manager
Mil 2 Down selection on technology for In-Situ Repair Patch M TO+6
creation to be investigated in Task 5 with Topic Manager
Mil 3 TRL 3 for of Hard Patch Welding solution M TO+18
Mil 4 TRL 3 for In-Situ-Repair-Patch solution M TO+24
Mil 5 Final Review for Demonstrator application readiness M TO+29

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 108



9

Clean Sky

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

e Deep knowledge on thermoplastic composite materials and chemical processes associated to
thermoplastics

e Knowledge in design of primary aircraft components made of composites

e Knowledge on composite patch repair

e Design tool for composite components

e Laboratory for physical, chemical, mechanical and optical/microscopy examination of composite
materials

e Laboratory for thermoplastic component prototype manufacturing for preliminary developments
and repair realization

Advantageous:
e Knowledge in Health & Safety regulation and associated limitations

5. Abbreviations

FAL Final Assembly Line

MCA Major Component Assembly
TRL Technology Readiness Level
NDI Non Distructive Inspection
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JTI-CS2-2020-CFP11-LPA-03-19 : Concept for Pilot State Monitoring system operation in

commercial aviation

Type of action (RIA/IA/CSA): IA

Programme Area: LPA

(CS2 JTP 2015) WP Ref.: WP 3.1

Indicative Funding Topic Value (in k€): 800

Topic Leader: Honeywell Type of Agreement: Implementation Agreement
International

Duration of the action 24 Indicative Start Date > Q4 2020

(in Months): (at the earliest)*:

Topic Identification Code Title

JTI-CS2-2020-CFP11-LPA-03-19 Concept for Pilot State Monitoring system operation in commercial

aviation

Short description

The topic aims to develop Pilot State Monitoring system in the cockpit providing crucial feedback of the
pilot state to yield faster decision making, reduce the probability of pilot errors and enhance the fatigue
risk management. The project foresee collection of operational data, experience during nominal
operations for both short and long-haul flights and the development of associate concept of operations.
The concept should address envisioned use cases, identify benefits, operational constraints, risks and
mitigation strategies and evaluate possible future use of the system from end users such as airlines,

aircraft operators and training centres.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area:

Cockpit & Avionics

The outcome of the project will mainly contribute to
the following conceptual aircraft/air transport type as

presented in the scene setter:

Advanced Long-range,
Advanced Short/Medium-range,
Advanced Turboprop, 90 pax,
Low Sweep Business Jet

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
Ol Ol Ol ]

%8 The start date corresponds to actual start date with all legal documents in place.
* For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

From the regulatory perspective, pilots operate according to the established requirements regarding
their medical fitness. These requirements are derived from the current medical state of the art
knowledge and defined by regulatory authorities and airlines. However, despite being medically fit,
pilots may experience sudden incapacitation or show impaired performance. This may be due an
unforeseeable medical condition (e.g. cardiac arrest), but also due to natural changes in pilots’
psychophysiological state throughout the flight (e.g. fatigue).

The detection of these natural changes that can lead to what is referred to as partial incapacitation is
extremely complex and requires systematic approach. And even the detection of acute conditions like a
cardiac arrest that results in total pilot incapacitation requires quite sophisticated means. If undetected
and not mitigated, both total and partial incapacitation lead to compromised flight safety.

In this context, the Pilot State Monitoring system (PSM) in the cockpit provides crucial feedback of the
pilot psychophysiological states that might yield faster decision making, reduce the probability of pilot
errors and enhance the fatigue risk management.

The successful implementation of PSM should be beneficial to all stakeholders while mitigating key
concerns related to its presence in the cockpit. The technology is being developed and validated in the
frame of Clean Sky 2 programme. Having early feedback from airlines and pilots is crucial to steer future
efforts in the right direction.

The key objectives of this call are:
e The installation and setup of the PSM system in the aircraft cockpit.
e Feedback from the installation/setup.
e Concept of operations of the system and the assessment of its benefits for both flight safety and
operation efficiency of crews and airlines.

The specific objectives of this call are:

e Feedback on the performance of the PSM technology and the integration of the relevant
sensors in the cockpit (in cooperation with the topic manager).

e Contribute to the benefit study of the PSM in operational environment.

e Gain experience from regular operations.

e Identify potential operational use cases for pilot state monitoring technology.

e |dentify risks and opportunities linked to the usage of the PSM.

e Contribute to the development of mitigation strategies when a state that causes pilot
incapacitation is detected.

e Data collection from PSM sensors acquired from different flights and crews.

The innovation potential of this call lies in:

o Assessment of the benefits of PSM for the fatigue risk management and identification of
possibilities for operational efficiency improvements.

e Identification and assessment of operational constraints for this technology.

o The definition of PSM performance assessment measurements (e.g. accuracy, robustness,
integrity, intrusiveness, sensitivity, etc.) that meet the requirements of the certification
authorities.

e The validation of the concept of operations with respect to social acceptance.

e Development of methods for real operation data collection and the usage of this data for the
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improvement of PSM technology.

The outcomes of this project will contribute to Biz-Jet demonstrator and will have also impact on Large
Passenger and Regional Aircraft.

2. Scope of work

At the beginning, the project will focus on the definition of installation and operational requirements
with respect to the future data collection campaigns. The PSM system which will be used for this project
consists of a set of non-intrusive sensors (vision based, wearables and seat mounted) and a
computational unit (CU; for example, a laptop with adequate storage capacity and connectivity):

¢ Vision based sensor set will consist of up to 3 cameras with near-infrared (NIR) illumination, connected
to the CU via ethernet

e Wearable sensor is expected to be a smart-watch-like wristband, providing set of different
physiological signals, connected via Bluetooth low energy (BLE)

e Seat mounted sensor will be a pad with matrix of pressure detection sensors, connected via USB;
manufacturing can be adjusted according to the needs of the successful applicant

Sensors will communicate with the CU using Bluetooth and wires. Electric power can be supplied by the
CU or individual power supply sources depending on requirements of the successful applicant. Apart of

the set of the cameras, all the HW and SW components will be provided by topic manager.

High level scheme of system physical architecture is depicted on following scheme:

NIR camera 3 ==

NIR camera 2 —— 3 Vision

Hub
NIR camera 1 ==
Pilot State Monitoring Aviord
> Computing Unit ’ VIONICS
| Systems
Wristband (could be SPC LRU)
Pressure Detection layer

In the context of PSM, there are three levels of data defined as follows

e Raw data: Obtained from the sensors with no or minimal modifications. This data includes for
example the recorded video from the camera system. Raw data that can lead to the
identification of pilots will not be stored at any circumstances and will only serve as an input to
the parametrization algorithms

e Parametrized data: Statistical and high-level descriptors of raw data which cannot lead to the re-
identification of pilots. This data will be shared with topic manager and among members based
on the Implementation agreement

e Decision level data: the output of the PSM algorithms that contains the detected state(s) in
time, analogously to the parametrized data, this data cannot lead to the re-identification of
pilots and thus will be shared with topic manager and among members based on the
Implementation agreement

The installation will be validated by the topic manager before the real A/C installation based on the
operator’s target A/C configuration. The topic manager will select the representative simulator
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environment for the data collection (i.e., a part task simulator, a fixed base simulator or a full motion
flight simulator / test bed). The purpose of this step is to ensure that the data are not distorted by the
unstable environment (e.g., turbulence, vibrations, etc.) and to identify the operational limitation of the
PSM system, especially the robustness and sensitivity of the sensor generated data to the specific
conditions.
The PSM system will be deployed within two phases:
o Phase 1: Data and feedback collection from the PSM sensors that will be available at the start of
the project.
e Phase 2: In this phase, the PSM technology revised based on the feedbacks collected from the
previous phase will be employed.
The successful applicant will contribute to the project by:
e Collecting real-operational data using the PSM system.
e Contributing to the PSM technology maturation (e.g., identification of system risks, weaknesses
and concept of operations).
e Assessing the bidder’s pilot social acceptance of PSM and proposing steps leading to successful
integration.
e High-variability data collection, for example from long-haul and short-haul flights.
e Sharing experience and data already acquired regarding various pilot states (nice-to-have).

Here are the tasks foreseen to successfully complete the project:

Tasks
Ref. No. | Title - Description Due Date
Task 1 Definition of high-level specifications and requirements for system installation | TO + 3m
and setup
Task 2 Specification of methodologies for feedback and data collection TO +4m
Task 3 Installation of Pilot Monitoring system into the A/C (phase 1) TO+7m
Task 4 Data and feedback collection, definition of PSM concept of operations (phase 1) | TO + 13m
Task 5 PSM usability feedback 1 TO + 14m
Task 6 Redefinition of high-level specifications and requirements for system | TO+16m
installation and setup for phase 2
Task 7 Installation of Pilot Monitoring system into the A/C (phase 2) TO+17m
Task 8 Acceptance analysis TO +18m
Task 9 Data and feedback collection, definition of PSM concept of operations (phase 2) | TO + 22m
Task 10 | Pilot Monitoring sensors and usability feedback 2 TO + 23m
Task 11 Final evaluation / Acceptance analysis update TO + 24m

The Topic Manager will contribute to the tasks as follows:

® Task 1: the Topic Manager will provide detailed specifications of both SW and HW components of the
PSM system and will work closely on the installation, both in light of certification and operational
requirements. The final set-up and detailed specifications (e.g. number of cameras) will be agreed on
through several iterations.

e Task 2: the Topic Manager will provide technical means for data/feedback upload and storage.

¢ Task 4: based on the first data collection campaign, the Topic Manager will work with the successful
applicant on modifying/enhancing some aspects of the data collection procedure such as the position of
the cameras, suggesting to have more variability in terms if flight crew or flight duration, etc.
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¢ Task 6: based on the results of the first flight test campaign, the Topic Manager will provide updated
detailed specifications of both SW and HW components of the PSM system and will work closely on the
installation of the new system.

e Task 8: the Topic Manager will support the successful applicant with the statistical analysis and the
evaluation of the acceptance (of the crew, the operator, etc.)

* Task 9: based on the second data collection campaign, the Topic Manager will work with the successful
applicant on modifying/enhancing some aspects of the data collection procedure

e Task 11: the Topic Manager will support the successful applicant with the statistical analysis and the
final evaluation of the system as a whole and its acceptance level (by the crew, the operator, etc.)

3. Major Deliverables/ Milestones and schedule (estimate)
*Types: R=Report, D=Data, HW=Hardware, RM=Review Meeting

Deliverables
Ref. No. | Title - Description Type* | Due Date
D1 Definition of high-level specifications and requirements for system R TO + 4m
installation/setup and methodologies for feedback and data
collection
D2 Collected data and feedback (phase 1) D TO + 13m
D3 PSM concept of operations 1 R TO+16m
D4 Acceptance analysis R TO+17m
D5 Collected data and feedback (phase 2) D TO+22m
D6 PSM concept of operations 2 R TO+23m
D7 Final evaluation / Acceptance analysis update R TO + 24m
Milestones (when appropriate)
Ref. No. | Title - Description Type* | Due Date
M1 Installation of Pilot Monitoring system into the A/C (phase 1) HW TO+7m
M2 Installation of Pilot Monitoring system into the A/C (phase 2) HW TO+17m
Task T0 TO+3 TO+6 TO+9 TO+12 |TO+15 |TO+18 (TO+21 |TO+24
High-level specs & reqts for system install & setup 1
Spec of methodologies for feedback & data collection A
Installation of PSM into the A/C (phase 1) M1

Data and feedback collection, PSM ConOps (phase 1)
PSM usability feedback 1

High-level specs & reqts for system install & setup 2 A
Installation of PSM into the A/C (phase 2) ( )
Acceptance analysis

Data and feedback collection, PSM ConOps (phase 2)
Pilot Monitoring sensors and usability feedback 2
Final evaluation / Acceptance analysis update

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:
= Aircraft operator operating both short-haul and long-haul flights

Advantageous:
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=  QOperator with diversified pilot population (gender, origin, age, etc.)

5. Abbreviations

A/C Aircraft
CS2 Clean Sky 2
PSM Pilot State Monitoring
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5. Clean Sky 2 — Regional IADP

JT1-CS2-2020-CFP11-REG-01-20: Aerodynamics experimental characterization and new

experimental testing methodologies for distributed electrical propulsion

Type of action (RIA/IA/CSA): RIA

Programme Area: REG

(CS2 JTP 2015) WP Ref.: WP 1.1

Indicative Funding Topic Value (in k€): 800

Topic Leader: Centro ltaliano Type of Agreement: Implementation Agreement

Ricerca
Aerospaziale

Duration of the action
(in Months):

24

Indicative Start Date > Q4 2020
(at the earliest)*:

Topic Identification Code

Title

JTI-CS2-2020-CFP11-REG-01-20

Aerodynamics  experimental characterization and new
experimental testing methodologies for distributed electrical
propulsion

Short description

Distributed electrical propulsion (DEP) can be used to improve aircraft high lift performance. If properly
designed DEP allows for an increase of take-off and landing maximum lift coefficient therefore resulting
on a reduction of wing surface and aircraft weight. It is proposed to develop technologies for
experimental assessment of DEP aerodynamics and perform wind tunnel tests on a DEP configuration
using as reference a regional 40 pax aircraft.

Links to the Clean Sky 2 Programme High-level Objectives*

This topic is located in the demonstration area: Enabling technologies

The outcome of the project will mainly contribute to the | Advanced Turboprop

following conceptual

aircraft/air transport type as

presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol X X Ol

*® The start date corresponds to actual start date with all legal documents in place.
Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

REG-IADP includes a task WP1.1 addressing innovative aircraft configuration. The Regional Aircraft REG-
IADP WBS is below reported.

WP 1
HIGH
EFFICIENCY
REGIONAL A/C

‘WP 4
TECHN. DEV. /
DEMO RESULTS

WwP2 WP3
TECHNOLOGIES
DEVELOPMENT DEMONSTRATIONS|

WP O
MANAGEMENT

WP 3.1
- Airvehide
Tech [FTB1)

WP 4.2
-- Ecodesign
Main Interface
Main Interfaces

WP22
Regional -
Avionics

WP3.2
Fuse. / Cabin
Gnd Demo

Interfaces WP3.3 with “High

with == Flight VEflgtl I;ty &
Simulator os

SYSTEMS Efficioncy”

ional
wp2a luw) AIRFRAME
2 innoative gl wea.a ITD
FCs - Iron Bird

WP 3.5
Hi-Lift Adv. -
TP (FTB2)

-->
-->

Recently within CS2 REG-IADP platform it has been decided to perform configuration studies to evaluate
potential benefits that could be obtained if a 40 seats regional aircraft is equipped with electrical
electrical/hybrid propulsion. It is already known that at foreseen technological level of batteries in the
coming decades, benefits can be obtained only if the aircraft configuration is completely redesigned.
Distributed electrical propulsion (DEP) can be used to improve aircraft high lift performances. The
slipstream of tractor propeller increase local dynamic pressure, change local angle of attack of affected
wing sections and impact on local Reynolds number delaying flow separation.

In the design of new hybrid-electrical or full electrical aircraft, often DEP is proposed because it can
increase maximum lift coefficient, and therefore can have a dramatic impact on aircraft design. Since
wing surface is often designed for take-off and landing performance, aircraft equipped with DEP can use
a considerable reduced wing surface with significant impact on wing weight and overall aircraft weight
and as consequence on fuel (or electricity) consumption.

In several numerical and experimental studies, available in open literature, the aerodynamic interaction
between propellers and lifting surfaces has been addressed to understand the aerodynamic interaction
and serve as validation for numerical codes. However, the available studies primarily focus on cruise
conditions and moderate flap deflections, with propellers which are not in close proximity. In high lift
condition, with propellers in close proximity (such as in DEP configurations), there is a complex flow, in
particular close to stall condition. A large number of numerical studies around these conditions requires
significant computational resources and do not guarantee accurate prediction. Therefore, an
experimental campaign is required to determine the relevant interaction phenomena in such condition.
Additionally, the data will serve as validation for numerical codes, which subsequently can be used in
design iterations.

In order to benefit from DEP, the impact of several design parameters on the system performance needs
to be addressed. For example to increase high lift performance, the dynamic pressure in the propeller
slipstream must be increased, but this entails smaller and smaller propellers’ diameters. The use of

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 117



9

Clean Sky

smaller diameters not only has an impact on propeller efficiency, but, it must be taken into account that
if the propeller diameter becomes too small with respect to the airfoil chord the beneficial effect due to
propeller dynamic pressure will also decrease.

Other parameters that have impact on DEP performance are the distance of propeller from the airfoil
leading edge, the relative distance between propellers, and, last but not least, it must be taken into
account that the flap configuration that is the optimal for a classical wing could not be the best for a DEP
configuration. Additionally, the vertical position of the propeller relative to the wing chord line is
expected to be an important parameter.

The experimental evaluation of such phenomena is not an easy task. Usually low speed performance of
2D airfoil and flapped airfoil in wind tunnel is measured by integrating pressure distribution
measurements for lift and moment evaluation and wake rake for drag, thus, avoiding the use of balance
because of potential detrimental impact of wall interference or wing tip effect that could affect 2D
measurements.

This approach cannot be used for DEP since the flow is 3D even for a 2D configuration. Clearly due to
propeller rotation there will be up wash or downwash at the two sides of the propeller and propeller
induced velocity for each exposed wing section depends on the distance from propeller rotation axis.

The key elements that are of interest for this study are summarized below:
e Determination on which part of the wing flow separation is initiated and how this is dependent
on propeller thrust coefficient.
o The effect of spacing between propeller, hence the effect of tip-vortex proximity, on the stall
behaviour of the flap
o The relative position of the propeller to the wing, hence the vertical position and distance
between propeller and wing leading edge.

2. Scope of work

The aim of the topic is to perform basic experimental studies to understand how DEP propeller
slipstream can increase airfoil maximum lift coefficient and identify experimental techniques able to
make such measurements.

It is requested to perform basic experimental studies to understand how DEP propeller slipstream can
increase airfoil maximum lift coefficient and identify experimental techniques able to make such
measurements.

It is proposed to test a 2D like wing, equipped with flap, and with at least three propellers installed in
front of the wing.

The wind tunnel experimental test should be aimed at measurement of impact on the central wing
section lift, drag and moment of:

Propeller thrust

Propeller tip-vortex strength

Propeller relative position (both axial and longitudinal)
Propeller diameters

Flap setting

AN NI NI NN

A possible test article arrangement could be similar to the one reported in the figure below, where
propeller positions can be modified.
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To improve physical understanding and avoid wall and/or wing tip effect, a proposed force and moment
measurement is based on the use of an internal balance able to measure only forces on the test article
section in the wake of the central propeller (the blue section in the picture). The applicant can of course
propose an alternative solution (taking into account the requirement that for a physical understanding
of the problem it is necessary to measure force and moment of the wing section in the wake of a single
propeller in a DEP configuration). Surface pressure measurements should be conducted with a sufficient
spanwise and chord-wise density to accurately determine where stall is initiating.

The applicant could also propose additional experimental technics for better understanding of flow
behind the propeller and the flap and identify flow separation regions. Flow field measurements
downstream of the flap (e.g. PIV or total pressure measurements) and surface flow visualization (e.g. oil
flow) could be required to determine the stall behaviour. Pressure sensitive paint technologies, if
properly calibrated, could also be proposed as alternative or complementary measurement technique.
All these measurements techniques are not mandatory but will be considered as an added value to the
proposal.

Tests will be performed by using a scaled reference configuration described in the following paragraph.
To reduce uncertainties in the assessment of stall it is suggested to perform the test at the higher
possible Reynolds number. Nevertheless, to remain close to the indicative funding value, the applicant
can propose a smaller model scale, but has to illustrate criteria used for scaling (specially on
propeller/free stream speed ratio) and justification on reliability. Therefore, it is expected that, if an
atmospheric wind tunnel will be proposed, to have a test article chord length not shorter than about 0.8
meter and a wind tunnel size compatible with the selected model size so that there will not be blockage
effect and wall/end plate negative interaction effect specially at high incidence and flap deflected . The
applicant has to:

1. Propose the best suited experimental arrangement and test article scale
Design and manufacture the test article
Provide engine and propellers
Perform wind tunnel test and measurement
Perform wind tunnel test data-analysis

ukwnN

The topic manager will provide full scale geometry for airfoil, flap and propellers. Scaling and wind
tunnel load have to be evaluated by the applicant.

Full scale reference configuration
The reference configuration is a 40 seats regional aircraft. The actual configuration design is not yet
available, but it will be provided before the project kick-off. Anyway the expected main characteristics of
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the full scale configuration will be as follows:

— Chord:2.20m

— Flap: single slotted flap (two flap settings at about 15° and 30°, the actual values will be
confirmed before the start of the project)

— Speed: 60 m/s

— Propeller thrust: 750 N, 1250 N, 1900 N

—  Propeller diameters: 0.8 m, 1.3 m, 2.04 m

— Reynolds number based on chord: about 9 millions

Proposed test matrix

Tests will be performed at the higher Reynolds number compatible with the indicative funding value,
and anyway at a Reynolds number not lower than about 3.5 Millions. All tests will be performed at fixed
transition (transition strip). Propeller pith angle is fixed.

The test matrix is divided in two sections, an essential and an advantageous section. The applicant has
to propose at least the performance of the essential part of the test section. Including a part of the
advantageous test matrix would be considered as an added value to the proposal.

ESSENTIAL TEST MATRIX
# FLAP Angle of Thrust Speed Flap Wing/propeller Propeller
deflection | Attack m/s gap/Overlap position diameters
1 0° From-2to | O (no 60 Nominal N/A N/A
stall propellers, no
nacelles)
2 ~15° From-2to | O (no 60 Nominal N/A N/A
stall propellers, no
nacelles)
3 ~30° From-2to | O(no 60 Nominal N/A N/A
stall propellers, no
nacelles)
4 0° From-2to | T1,T2,T3 60 Nominal Nominal Nominal
stall
5 15° From-2to | T1,T2,T3 60 Nominal Nominal Nominal
stall
6 30° From-2to | T1,T2,T3 60 Nominal Nominal Nominal
stall
7 30° From-2to | T2 40 Nominal Nominal Nominal
stall
8 30° From-2to | T2 40 Nominal Nominal 2 additional
stall diameters
ADVANTAGEOUS TEST MATRIX
Al | 15° From-2to | T2 60 Nominal 4 positions Nominal
stall
A2 | 30° From-2to | T2 60 Nominal 4 positions Nominal
stall
A3 | 15° From-2to | T2 60 Gap/overlap Nominal Nominal
stall sensitivity
A4 | 30° From-2to | T2 60 Gap/overlap Nominal Nominal
stall sensitivity
A5 | 15° From-2to | T2 60 Nominal Nominal 2 additional
stall diameters
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v’ T1,T2, T3 represent three different thrust levels, where T2 is the nominal value.

v Flap gap/overlap nominal position will be provided, if feasible a sensitivity studies with small
variation with respect to the nominal position could be proposed

v' Three sets of propellers have to be provided: the nominal one and two additional sets with a
different diameter to test propeller diameter impact

A beneficial aspect would be if the propeller position relative to the wing chord would to be varied. This
will affect both the dynamic pressure experienced by the main element of the wing, as well as the
dynamic pressure experienced by the lower side of the flap. Additionally the propeller tip-vortex spacing
will be different.

Suggested project structure

It is suggest the following work-package structure, but the applicant can propose alternative solutions
provided that all proposed activities are accomplished.

Tasks

Ref. No. | Title — Description Due Date
WP 1 Management TO+24
WP 2 Test set-up and test matrix definition TO+6

WP 3 Wind tunnel model design and manufacturing TO+18
WP 4 Wind tunnel test performance TO+20
WP 5 Wind tunnel test data analysis TO+24

WP 1: Management
The applicant has to set-up all classical project management structure and will be required to organize
periodic meetings (also by TELECON) with topic manager for project monitoring.

WP 2: Test set-up and test matrix
A test set-up and model scale must be proposed such that it is able to provide the most reliable
experimental data-set and to provide forces acting on the wing central section (the wing section
immersed in the central propeller wake).
The following parameters have to be addressed:

a. Two free stream speed
Three propeller thrust levels test
Four propeller/wing relative position
Three propeller diameters
Two flap settings (with possible gap/overlap experimental optimization at least for one single
propeller power setting)

f. A dragincrease device for landing configuration

g. Angle of attack up to stall plus 4° degrees
To evaluate propeller installation effects, in addition to propeller-on tests, tests have to be performed
also with propeller-off configuration and nacelle off configuration (only wing, that is, without nacelle
and without propellers).
Detailed test conditions are reported in the test matrix paragraph. At least essential tests have to be
proposed.
Since it is necessary to separate forces acting on the airfoil by forces generated by the propeller, a
proposed solution is to use a six-component internal balance to determine the propeller forces by
connecting the balance to the motor. Alternative proposal could be suggested, for example, the use of a

®aoo
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separate support for the propeller and the airfoil provided that aerodynamics interference of supports is
minimized. This last solution has the beneficial effect that allows for testing different relative
propeller/wing positions, but has the drawback that propeller/wing relative positions must be carefully
measured and that the propeller will not change the pitch while the airfoil angle of attack is changed.
The following measurements/instrumentation is expected:
e Total forces and moments on the model measured by internal balance (Lift, Drag, Pitching) on
the model central part;
e At least 100 steady pressure taps on the model central section in two lines at propeller side in
the propeller wake;
e Propeller forces (Thrust and torque) on the central propeller measured with a maximum
resolution of 1 % of the mean thrust;
e Propeller rotation speed, measured with a resolution of maximum 0.1% of the set point.;
e Propeller shaft power
Sufficient repeat measurements should be conducted to quantify error bars in the delivered data.

WP 3: Wind tunnel model design and manufacturing
The applicant will be responsible to design and manufacture the model and provide all required test
instrumentation. The test article should have a chord not lower than about 0.8 meter (about 1 to 2.5
scale). Bigger scale model could be proposed if compatible with the indicative funding value. The
applicant should demonstrate that at proposed scale enough power to correctly scale the propellers can
be provided, that at high angle of attack and flap deflected blockage effect and test article wall and/or
end plate interference effect are not relevant.
To correctly scale the propeller thrust it is relevant to remember that the main parameter to respect is
the ratio between propeller slipstream speed and free stream speed. Therefore, since propeller
slipstream depends on propeller load (T/Ap), the propeller thrust for the test article can be scaled with
the square of propeller diameter (the square of the model scale factor). If propeller thrust scaling is not
fully accomplished suggestions and methodologies for full scale extrapolation should be provided.
The following requirements are expected to be satisfied:

v Propeller blade pitch (fixed pitch) set with an accuracy of 0.05 degree

v Surface roughness between 0.3 and 0.4 micro-meter

v" Angle of attack of the model within 0.02 degree

WP 4: Wind tunnel test performance
The applicant will be responsible for test execution and to provide test engineering.

WP 5: Wind tunnel test data-analysis
The applicant will be responsible of test data analysis. Raw data processing and wind tunnel correction
compliance with wind tunnel expertise have to be provided.
The applicant has also to provide forces and moment acting on the wing central part without propeller
forces.
Therefore the following separated data-set have to be provided for each test conditions:

— Propeller forces, moment and power

— Central wing forces and moment

— Flap moment and forces (only for deflected flap configuration).
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3. Major Deliverables/ Milestones and schedule (estimate)

*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. Title - Description Type Due Date
Del 1.1 Technical Progress report R TO+12
Del 1.2 Final Technical Progress R T024

Del 2.1 Experimental set-up definition R TO+6

Del 2.2 Wind tunnel test matrix and test requirements R TO+6

Del 3.1 Test article design R, D TO+9

Del 3.2 Test article manufacturing H TO+18
Del 4.1 Preliminary Test report (raw data) R,D TO+20
Del 5.1 Final Test report (corrected data) R,D TO+24
Milestones

Ref. No. Title — Description Type Due Date
M1 (WP2) | Experimental set-up definition R TO+6

M2 (WP3) | Test article design R TO+9

M3 (WP3) | Test article manufacturing H TO+18
M4 (WP4) | Performance of wind tunnel tests D TO+20
M5 (WP5) | Test report R TO+24

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

= Consolidated experience in wind tunnel test technical management.
= Knowledge of wind tunnel test measurement techniques.

=  Experience in Wind tunnel test activities, data analysis and reporting.

Advantageous:

= Managing capabilities for European research projects.
= Past expertise in propeller wind tunnel test
= Expertise in PIV/PSP measurement techniques

5. Abbreviations

Ap
A/C
CFD
CL
CLmax
DEP
LE
PIV
PSP
T
TE
TP

Propeller disk area

Aircraft

Computational Fluid Dynamics
Lift Coefficient

Maximum lift coefficient
Distributed Electrical Position
Leading edge

Particle Image Velocimetry
Pressure Sensitive Paint
Propeller Thrust

Trailing edge

Turboprop
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6. Clean Sky 2 — Airframe ITD

I. JTI-CS2-2020-CFP11-AIR-01-46: Evaluation of NDT Techniques for Assessment of Critical

Process and Manufacturing Related Flaws and Defects for a Ti-alloy

Type of action (RIA/IA/CSA): RIA

Programme Area: AIR

(CS2 JTP 2015) WP Ref.: WP A-3.3

Indicative Funding Topic Value (in k€): 550

Topic Leader: SAAB AB Type of Agreement: Implementation Agreement
Duration of the action | 24 Indicative Start Date | > Q4 2020

(in Months): (at the earliest)*:

Topic Identification Code Title

JTI-CS2-2020-CFP11-AIR-01-46 | Evaluation of NDT Techniques for Assessment of Critical Process and
Manufacturing Related Flaws and Defects for a Ti-alloy

Short description

One of the major challenges to be solved before additive manufacturing (AM) can be fully utilized in
aerospace applications is understanding the effect of process related critical flaws and defects on
material and mechanical properties in AM parts. Therefore, evaluation of reliable Non-Destructive
Testing and Analysis (NDT/NDA) techniques for precisely assessing eventual defects and their criticality
in AM parts needs to be performed. The activities to be performed are test design, manufacturing,
testing, characterization, modelling, and qualification of AM-parts with suitable NDT techniques.

Links to the Clean Sky 2 Programme High-level Objectives*

This topic is located in the demonstration area:

Advanced Manufacturing

presented in the scene setter:

The outcome of the project will mainly contribute to the | Advanced Short/Medium-range,
following conceptual aircraft/air transport type as | Advanced Long-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

* The start date corresponds to actual start date with all legal documents in place.
Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

This topic is part of the Airframe High Performance and Energy Efficiency (Activity Line A) line and is
linked to the Work Package A-3.3: Innovative shapes & structures, where the work on the design
concept for innovative aircraft door structure and its integration is being performed. The topic is one of
the key research activities which will ultimately result in introduction of innovative technologies for
more efficient airframes in regard to weight, cost and environmental impact as well as manufacturing
process.

Moveable, load bearing and flight critical aircraft structures such as cargo doors can be fairly complex
products and a typical cargo door can consist of hundreds of individual parts, a number of relatively
large (>1kg) metallic parts which can be machined, forged or in some cases cast. Additive manufacturing
(AM) has shown great promise within the aerospace industry for the manufacture of such parts, offering
potential benefits in terms of weight, design/functionality, lead time and cost/manufacturability. Within
Work Package A-3.3, newly developed tools will be used to evaluate current/typical cargo door parts in
terms of their manufacturability, cost and design/weight. The parts identified as candidates for AM will
be those showing the greatest potential for cost and weight reduction.

Additive manufacturing (AM) is a technology by which physical objects are built by a layer-by-layer
approach and is widely acknowledged as an enabler for revolutionising the traditional manufacturing. It
replaces long-established production methods like casting and machining allowing essentially arbitrary
geometric shapes to be produced. This is very attractive to the aerospace industry as parts could be
designed with reduced weight and improved performance contributing to reduce fuel consumption,
increase pay-load and extend flight range. However, there are still technology gaps such as material
property control, correlation between process and structural properties, effect of defects, quality
control, etc. that prevent reliable and safe use of AM technology.

The material and mechanical properties of AM parts differ substantially from the properties of the same
parts produced by conventional methods as AM parts suffer from process and manufacturing related
defects, and rough as-build surfaces. In particular, fatigue properties are affected by processing flaws for
example porosity and lack-of-fusion defects that act as internal stress concentrators having a
detrimental effect on the fatigue life. For this purpose, a damage tolerance assessment needs to be
performed for AM parts in commercial aircraft applications because AM parts have to be designed so
that functional and safety requirements for operation are met. However, this requires that there are
proved Non-Destructive Testing (NDT) methods that are capable of finding different defects in AM parts.
NDT is one of the most common method used of inspecting convectional manufactured parts for
structural integrity, however, complex geometries and process induced defects associated with AM pose
a challenge to the conventional NDT methods.

As there is currently lack of reliable NDT techniques for precisely assessing eventual internal and surface
defects (e.g. trapped powder, pores, voids, inclusions, lack of fusion, cracks, surface roughness) and
their criticality, there is a need for evaluation of defect detection in AM parts using various NDT
methods and their applicability (e.g. detectability, classification of errors in correlations with the NDT
measuring time, resolution and costs, etc.). The objective of this work is therefore quantitative
assessment and applicability of NDT methods such as ultrasonic inspection with immersion, eddy
current, 2D X-ray, etc. to AM parts in order to realize benefits offered by AM. The project will cover
manufacturing of test pieces made of Ti64 Grade 5 alloy by laser powder bed fusion (L-PBF) AM process,
characterization of AM parts by various NDT methods, mechanical testing, fractography and
micrography work, modelling with prediction and validation.
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2. Scope of work

The project aims to use traditional aerospace NDT techniques to characterize inner and outer defects
associated with additive manufacturing and processing, understanding effect of the defects on fatigue
performance, determining reliability of detection in order to establish acceptance limits and establishing
a correlation between NDT, processing and material/mechanical properties with recommendations.
Consequently, the following areas are addressed:

e  Manufacturing and machining of test specimens by using laser powder bed fusion (L-PBF) AM
technique (as-build) as well as conventional manufacturing technique (milled).

e  Characterisation of inner and outer defects in terms of their geometry, size and position by
applying NDT methods before and after testing.

e Mechanical testing to understand effect of defects on fatigue life (both crack initiation and crack
propagation) and to determine probability of detection of a critical defect size.

e  Material characterisation including residual stresses, grain size, anisotropy, surface roughness, etc.
to determine damage mechanisms and link the mechanical properties to the AM processing as well
as NDT.

e  Modelling of defects and fatigue life prediction including prediction uncertainties.

e  Final assessment with lesson learnt and conclusions.

It is proposed to organise the activities in the following tasks:

Tasks

Ref. No. | Title - Description Due Date
1 Project management TO+24

2 Experimental set up and manufacturing of test pieces TO+09

3 Characterization of defects by various NDT methods TO+18

4 Mechanical testing with evaluation of material properties TO+22

5 Modelling of defects and fatigue life prediction TO+24

6 Assessment and reporting TO+24

Task 1: Project management

The main activities will consist in the coordination of the project, organization of the project meetings,
communication towards the Topic Manager and reporting of the project results. Regular project
progress meetings with the Topic Manager will be set up during the project duration.

Task 2: Experimental set up and manufacturing of test pieces

This task covers experimental set up and manufacturing of AM test specimens by L-PBF AM technique.
The experimental set up defines test plans for the mechanical testing including test variables, and the
characterization work. Along with the experimental set up, Task 2 will manufacture and deliver test
specimens produced with real defects for Tasks 3 and 4, see Figure 1. The AM test pieces will be
manufactured in a single machine with identical process parameters using a commercially available laser
additive manufacturing system. Further, the specimens will be built in upright standing position (90°)
with manufacturing layers being perpendicularly orientated to the loading direction. One batch of the
specimens will be kept in untreated surface condition while a 2" batch will be milled with an average
surface roughness of Ra=3.2um. For relaxation of residual stresses, a post-process heat treatment will
be applied. Measurement of surface roughness of all specimens is to be performed after manufacturing.
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A dedicated budget from overall project’s budget shall be used for material acquisition.
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Figure 1: Fatigue test specimen design and dimensions

Task 3: Characterization of defects by various NDT methods

The activity will begin with the review of the different NDT methods and selection of the most promising
NDT methods for detection of both internal and external defects in regard to specimen designs and
material used. The NDT techniques applicable for the work include optical/visual inspection techniques,
ultrasonic techniques, electromagnetic and eddy current techniques, X-ray radiography and CT
(Computer Tomography), thermography, etc. In order to locate and understand behaviour of defects,
the relevant NDT techniques will be applied on the specimens from Task 2 prior and after the
mechanical testing. In addition, a number of fatigue tests will be interrupted to allow for crack
assessment and evaluation.

Task 4: Mechanical testing with evaluation of material properties

Mechanical testing with the AM specimens produced from Task 2 will be conducted with the aim to
understand damage and failure modes from internal and surface defects. For this, an extensive
characterization of the tested specimens will be also undertaken. The testing and characterization work
necessary to understand the behaviour and fracture of AM parts from various defects should include the
following:

e  Fatigue crack initiation,

e  Fatigue crack propagation,

e Residuals stress measurements,

e  Surface roughness measurements, and

e  Fractography and micrography work.

Task 5: Modelling of defects and fatigue life prediction

In this task, industry relevant fatigue life prediction methods will be developed with respect to the
qguantified defects in the above evaluated specimens from Tasks 3 and 4. Based on the performed NDT
in Task 3 the internal defect size and density will play a significant role in the fatigue life, and these need
to be accounted for in the fatigue life prediction models developed. Thus, to assess these damaging
defects in an AM specimen, a statistical approach can be used to evaluate the crack initiation and
subsequent growth, or evaluating the defects based on a microcrack coalescence concept. Furthermore,
surface induced crack initiation and growth need to be accounted for with respect to the surface
roughness measurements to be performed in Task 4.
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Task 6: Assessment and reporting

The final conclusions will be reviewed and reported in this task, which includes lessons learnt and
recommendations for further work towards greater application of NDT within AM in industry.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. | Title - Description Type* Due Date

D1 Consortium and implementation agreement in place R TO+1

D2 Test and characterization matrix established R TO+3

D3 Delivery of AM test pieces HW TO+9

D4 Report regarding detection of internal and external defects with R TO+18
different NDT methods

D5 Preliminary failure and damage mechanisms investigation to R TO+18
inform modelling work

D6 Final report regarding effect of defects on fatigue life and potential | R TO+22
for early detection in AM parts

D7 Final report regarding modelling and life prediction of defects in R TO+24
AM parts

D8 Lesson learnt with recommendations R TO+24

Milestones (when appropriate)

Ref. No. | Title - Description Type* Due Date
M1 Test and characterization plan approval R TO+3

M2 NDT methods selected R TO+3

M3 Delivery of test and characterization specimens HW TO+9

M4 Mid-term project review R TO+12
M5 Review of fatigue test results and modelling work R TO+16
M6 Completion of planned NDT testing R TO+18
M7 Completion of planned mechanical testing R TO+22
M8 Final project review R TO+24
M9 Guide for the developed models R TO+24
T:’Zk TO+1 | TO+2 | TO+3 | TO+4 | TO+5 | TO+6 | TO+7 | TO+8 | TO+9 | TO+10 | TO+11 | TO+12
Task 1 D1 M4
Task 2 D2 M1 D3 M3

Task 3 M2

Task 4

Task 5

Task 6
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Task
no

TO+13 |TO+14 |TO+15 |TO+16 |[TO+17 |TO+18 |TO+19 |[TO+20 |TO+21 |TO+22 |[TO0+23 | TO+24

Task 1 M8

Task 2

Task 3 D4 M6

Task 4 D5 D6 M7

Task 5 M5 D7 M9

Task 6 D8

4,

Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

Capability to manufacture AM parts by L-PBF AM process.

Capability to perform mechanical testing and material characterization of metal AM material
including tensile testing, fatigue crack initiation and crack propagation testing.

Capability to perform NDT analysis by using, for example, ultrasonic inspection with immersion
techniques, eddy current, 2D X-ray, etc., for detection of both internal and external defects as a
result of processing and manufacturing.

Capability to perform surface roughness and residual stress measurements.

Sample preparation and surface polishing facilities.

Microstructural investigation facilities including light microscopy and SEM+EBSD.

Capability to perform inspections with optical techniques and scanning electron microscopy.
Experience in deformation and damage mechanisms of metallic materials and structural strength
modelling.

Capability to perform simulations using industry relevant models for fatigue life predictions.
Expertise in fatigue life prediction analyses.

Expertise in FE-analyses.

Advantageous:

Experience in research on additive manufactured Ti-alloys by using different AM techniques.
Experience in collaborating with aeronautical companies and in associated research and technology
programmes such as Clean Sky.

Experience in effective and efficient project management including working with industry.

5. Abbreviations

AM Additive manufacturing

NDT Non-destructive testing

L-PBF Laser powder bed fusion process
SEM Scanning electron microscopy

Ti Titanium

FEA Finite element analysis

2D Two-dimensional

EBSD Electron backscatter diffraction
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Il. JTI-CS2-2020-CFP11-AlR-01-47: Additive Manufacturing demonstration on test article for a
trailing edge application with a sliding pad concept

Type of action (RIA/IA/CSA): IA

Programme Area: AIR

(CS2 JTP 2015) WP Ref.: WP A-4.1.2

Indicative Funding Topic Value (in k€): 500

Topic Leader: ASCO Industries Type of Agreement: Implementation Agreement

Duration of the action 26 Indicative Start Date > Q4 2020

(in Months): (at the earliest)*:

Topic Identification Code Title

JTI-CS2-2020-CFP11-AIR-01-46 Additive Manufacturing demonstration on test article for a
trailing edge application with a sliding pad concept

Short description

The aim of this topic is to develop an additive manufacturing approach using Wire Direct Energy
Deposition for a flap track structure, supported by simulations to compensate potential deformation
after printing. Several test articles and coupons will be printed and tested: DI and NDI are requested, as
also geometrical and metallurgical investigations to confirm material performance. In addition, a sliding
pad principle will be designed and manufactured to replace rollers attached to the carriage in the flap
track assembly in order to reduce the operational maintenance efforts.

Links to the Clean Sky 2 Programme High-level Objectives*

This topic is located in the demonstration area: Enabling Technologies

The outcome of the project will mainly contribute to | Low Sweep Business Jet
the following conceptual aircraft/air transport type as
presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

* The start date corresponds to actual start date with all legal documents in place.

Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Background

One of the key objectives of the Clean Sky 2 programme is to minimize the impact of aviation on the
environment through key innovation. A way to achieve this is to increase the effectiveness and enlarge
the functionality of the control surfaces of an aircraft. This may lead to a performance increase as it
allows the reduction of the structural weight, which has a direct result on the fuel burn and emission of
the aircraft. The objective of the Airframe ITD is to identify promising innovative technology building
blocks and to mature this technology to TRL 4 or 5. Within Technology Stream A-4 “Novel Control”,
several innovative movable concepts are developed with as primary aim to increase its effectiveness.

A way to increase the functionality of the control surfaces of an aircraft is to add a second degree of
freedom to an existing panel. Figure 1 below shows an impression of flap support structure with
external actuation mounted underneath the wing of a HSBJ. The second actuator is attached to and
moves with the carriage, it could allow the combination of aileron and high lift functions in one flap
body.

Figure 1:. Flap support concept - roller track and carriage

The topic manager is interested in
A. Wire Direct Energy Deposition (W-DED) technology for printing the flap track structure
B. Sliding pad principle to replace the rollers in the carriage assembly that moves along the roller
track

The W-DED technology is an alternative to the traditional forging product used to produce the flap track
structure. Figure 2 shows some examples of aerospace components produced with W-DED. Compared
to traditional manufacturing, this technology allows for a more efficient material usage, reduces
production waste and time-to-market. Nevertheless, high investment cost on equipment, building
allowables and considerable deformation after printing are challenges that still need to be addressed.

Figure 2. (LEFT) Study case for Airbus upper rear spar component in Ti6Al4V printed using Sciaky W-DED EBAM [1]. (RIGHT) First
FAA-certified Ti6Al4V Structural component galley bracket for Boeing 787 Dreamliner printed using Norsk Titanium W-DED
WAAM [2].

[1] http://www.envirotrec.ca/2017/01/16/airbus-to-3-d-print-airframe-structures/

[2] https://www.norsktitanium.com/media/press/norsk-titanium-delivers-first-faa-certified-additive-manufactured-ti64-structural-
aviation-components
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A typical flap support, as shown in figure 1, relies on 2 sets of 4 rollers to transfer flight/ground and
lateral loads from the flap panel via the roller track into the wingbox. These rollers are part of the
carriage assembly and need to be re-greased at regular intervals during the life of an aircraft. If the
rollers could be replaced with sliding or rubbing pads, that require no maintenance (other than
inspection), this would reduce the direct maintenance cost with a non-negligible amount.

2. Scope of work

The topic is organised in two main work packages:
A. Printing, testing and validation of a flap track structure manufactured via W-DED
B. Design, manufacturing and testing of sliding pads

A. Printing, testing and validation of a flap track structure manufactured via Wire Direct Energy
Deposition (W-DED)

This work package targets the printing of a functional structural Aerospace component in Titanium alloy
(TieAl4V) using one of the W-DED techniques. The selected component would have an envelope size of
around 1000-1500 x 200-400 x 100 mm? (XYZ), which is expected to generate considerable deformation
during printing, and has certain design features that must be cautiously addressed. The quality must be
confirmed of the printed Ti6Al4V structural component with respect to the conventional manufacturing
process. For that, the investigation will include the printing of several components, and the evaluation
of the microstructure, the mechanical properties, and the surface and core qualities of the printed and
the post-processed component (heat treated and machined) against those of the conventional part
(forging used as baseline). Additionally, samples will be foreseen for crosschecking against existing
requirements specified for W-DED.

B. Design, manufacturing and testing of sliding pads

The applicant will investigate design solutions to replace flight and/or side rollers with sliding (or
rubbing) pads, while respecting the requirements provided by the Topic Manager. Based on the
outcome, the applicant will manufacture and test parts, using a representative roller track (the
counterpart).

The different test articles with sliding pads are delivered to the topic manager for further testing which
is not part of this call.

It is proposed to organise the activities in the following tasks:

Tasks

Ref. No. Title - Description Due Date
A-1 Printing simulation and trials TO + 06
A-2 Post-printing actions and evaluation of the printing process TO + 20
A-3 Validation of the finishing component TO + 24
B-1 Design and manufacture sliding pad TO+12
B-2 Validate sliding pad wear TO + 18

Task A-1: Printing simulation and trials

The applicant prints several near net shapes (NNS) of the Ti6Al4V structural component to optimize
material utilization, and by defining an additive manufacturing strategy using simulations that minimizes
or practically eliminates the distortions that may be generated during the process. The NNS shall then
be heat treated. During the build, in this same base plate, coupons need to be foreseen for extracting

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21 133



9

Clean Skuy

vy

mechanical testing coupons and samples for microstructure analysis. The amount of coupons will be
defined according to a test plan that is delivered from task A-2. All NNS not considered for task A-2 are
to be delivered to the Topic Manager after finishing task A-1.

Task A-2: Post-printing actions and evaluation of the printing process
The applicant is responsible to finish the NNS to the final component shape and perform the necessary
dimensional control and quality (FPI) assessment. A detailed study on the deformation with and without
heat treatment and link to the simulation in Task A-1 is requested. An additional verification step on the
remaining residual stresses is requested. All finished test articles are to be delivered to the Topic
Manager to allow testing in the full assembly (not scope of this CfP).
The applicant will also compile a test plan, supported by the Topic Manager:

- Manufacture and prepare the necessary coupons to perform all tests, which includes tensile,

shear, fracture toughness, crack propagation and fatigue tests
- The NSS and finished components are inspected for internal defects using UT
- Detailed evaluation of the microstructure (as-printed and heat treated) is requested

Task A-3: Validation of the finished component

The applicant shall perform a demonstration test of the finished components. Given the outcome of the
test results, the best combination of printing parameters vs deformation, heat treatment & finishing will
be selected to print the final test articles for this validation experiment. An Engineering Test
Specification (ETS) will be provided by the Topic Manager, which is a document that contains all the
requirements and criteria for the test. The applicant will design and manufacture the testing tooling
before starting the construction and assembly, which shall also be validated. All tests are then
performed by the applicant. The final deliverable is an Engineering Testing Report (ETR), including not
only the result from the test, but also a verification of integrity of the component via NDI (UT or Eddy
current, to be selected according to the criteria defined in the ETS).

Task B-1: Design and manufacturing sliding pad

As part of this task, the applicant will design and manufacture sliding pads to replace the 4 flight and/or
4 side rollers. The task is supported by the Topic Manager, who will provide the applicant with detailed
input, such as design envelope, counterpart, loads, wear limits and number of flight cycles. The
applicant is responsible for the detailed design of the pad, including geometry, material definition and
requirements for the counterpart. Special attention shall be given to the fact that the friction load
generated by the sliding pad should be comparable or less than a conventional greased track roller. The
applicant is responsible for the manufacturing of the sliding pads in close collaboration with the Topic
Manager.

Task B-2: Validate sliding pad wear

In order to demonstrate that the sliding pads do not need to be replaced during the life of the aircraft,
the applicant shall propose a development test and ensure the wear remains within limits (typically 0.3
mm for such components). An Engineering Test Specification (ETS) will be created by the applicant
based on the detailed input provided in task B-1 and evaluated together with the Topic Manager. The
Topic Manager will also witness the test and support the applicant in case of unexpected events.
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3. Major Deliverables/ Milestones and schedule (estimate)

*Type: R=Report, D=Data, HW=Hardware

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21

Deliverables
Ref. No. | Title - Description Type* Due Date
D-A-1 Development & testing plan R TO +02
D-A-2 First near-net shape test articles printed HW TO + 06
D-A-3 Finished printed test article delivered HW TO+ 12
D-A-4 Dimensional control report R TO+ 11
D-A-5 Metallographic investigation & comparison R TO + 16
D-A-6 Non-destructive testing report R TO+ 17
D-A-7 Destructive testing report R TO+20
D-A-8 Validation report & review R TO + 24
D-B-1 Development & testing plan R TO +02
D-B-2 Sliding pad detailed drawing D TO + 08
D-B-3 Manufactured parts HW TO+12
D-B-4 Test result report R TO +18
Milestones (when appropriate)
Ref. No. | Title - Description Type* Due Date
M-A-B-1 | Kick-off meeting R TO + 01
M-A-B-2 | Development & testing plan review R TO + 02
M-A-1 Design & printing strategy review R TO + 07
M-A-2 Test Results Review D TO+ 20
M-A-3 Validation test evaluation R TO + 24
M-B-1 Sliding pad design review R TO + 06
M-B-2 Test plan review R TO+ 14
M-B-3 Test result review D TO +18
M-A-B-2 M-A-1 M-A-2 M-A-B-3
M-A-B-1 M-B-1 l\g M-B-3 wv
TO| 2 | 4|6 |8 (1012|114 |16 | 18|20 (22| 24| 26

D-A-1

D-A-2

D-A-3

A |[D-A4

D-A-5

D-A-6

D-A-7

D-A-8

D-B-1

g |DB2
D-B-3
D-B-4
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4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

=  Sound technical knowledge in the field of asked contributions;

= Evidence to be able to cope with the required high level of adequate resources in qualified
personnel, required tools and equipment. Experience in aeronautic industry is recommended;

= Experience in management, coordination, and development of testing methods and the execution
of a test program;

= To have workshop facilities (test equipment and manufacturing facilities) in line with the proposed
deliverables and associated activities;

=  Capability to manufacture additive manufactured components produced via one of the W-DED
techniques;

= Experience in the development and testing of wear surfaces in aerospace or other industries;

=  Solid knowledge in the manufacturing of wear surfaces

=  Experience with and access to CAD software CATIA V5® (or a compatible software)

Advantageous:
= Experience in the non-destructive inspection, and specifically on additive manufacturing parts.

=  Experience on microstructure characterization of titanium alloys.

5. Abbreviations

W-DED Wire Direct Energy Deposition NDI Non Destructive Inspection
NNS Near-Net-Shape uT Ultrasonic Inspection
EBAM Electron Beam Additive DI Destructive Inspection

Manufacturing
WAAM Wire Arc Additive Manufacturing
WP Work Package
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JTI-CS2-2020-CFP11-AIR-03-10:

Innovative light metallic and thermoplastic airframe

section full scale testing

Type of action (RIA/IA/CSA): IA

Programme Area: AIR

(CS2 JTP 2015) WP Ref.: WP C-2

Indicative Funding Topic Value (in k€): 1300

Topic Leader: Hellenic Aerospace | Type of Agreement: Implementation Agreement
Industries

Duration of the action 24 Indicative Start Date > Q4 2020

(in Months):

(at the earliest)*:

Topic Identification Code

Title

JTI-CS2-2020-CFP11-AIR-03-10

Innovative light metallic and thermoplastic airframe section
full scale testing

Short description

The topic deals with the full scale testing of three airframe section demonstrators: two metallic fuselage
panels incorporating newly developed Al-Li Alloys and related manufacturing methods, welding and
chrome free surface treatments technologies, and a thermoplastic fuselage panel with an integrated

stiffening structure.

The main activities concern the preparation of test adaptation hardware, instrumentation and data
acquisition and test of the two fuselage structures. Deformation measurements by novel techniques are
required in order to provide accurate onset prediction of failure. Test prediction stress analysis and data
processing and evaluation shall be performed.

Links to the Clean Sky 2 Programme High-level Objectives®’

This topic is located in the demonstration area: Eco-Design

The outcome of the project will mainly contribute to the | Low Sweep Business Jet

following conceptual aircraft/air transport type as presented

in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

*® The start date corresponds to actual start date with all legal documents in place.
*Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

This topic is part of AIRFRAME ITD, Activity Line C (Eco-Design), WP C-2.3 (Eco-Design Demonstrator),
and will support activities of ecoTECH Core Partner project.

Within WP C-2.3, the topic manager will develop new surface treatments (Chrome free anodizing, sol gel
and primers), selective stripping, manufacturing (high speed machining-pocketing) and joining (Laser
Beam Welding and Friction Stir Welding) for newly developed Al-Li alloys (AA2198, AA2060, AA2099,
AA2196, etc.) technologies. All these technologies are expected to offer better performance (improved
mechanical properties and better corrosion resistance) in combination with environmental benefits such
as elimination of hexavalent Chromium, energy reduction, out of bath and dry technologies reducing
toxic and water waste, improved corrosion resistance as well as improved recyclability.

The Metallic and Surface Treatments technology stream is one of the main streams in ecoTECH project
and aims to develop new environmentally friendly and efficient surface treatments, innovative joining
technologies and investigate current and new manufacturing technologies for 4™ generation Al-Li alloys.
Another major advantage of metal joining technologies is the weight reduction due to the elimination of
the overlap required for riveting sheet metal parts. Also production time and complexity is reduced as
well as the possibility of accidental damage during assembly.

The thermoplastics stream is another ecoTECH stream where light weighted structures and low energy
processes are evaluated. By integrating the stiffening structure into the skin surface it is possible to
manufacture skin and stiffening structure in one process step. Therefore energy consumption will be
reduced as additional manufacturing and assembling of the stiffeners is not needed.

2. Scope of work

The scope of the project is the demonstration of the structural integrity of representative aircraft
fuselage panels by static and fatigue testing. In overall static failure test for one metallic and one
thermoplastic panel shall be performed as well as fatigue failure test of a second metallic panel identical
to the first one. For this second panel standard sized defects will be introduced at prescribed locations in
order to investigate the crack initiation and propagation behaviour of the novel alloys and joining
methods.

Proving of performance of welded joints in static as well as variable loads that are representative of the
aircraft mission profile is of major importance for the airworthiness approval of novel structural designs.
Demonstration of the improved fatigue resistance properties of Al-Li alloys when processed with novel
joining methods for a real structural component is also an important target of the test, especially for the
areas where residual stresses exist, as the welded joints. Additionally, improvement of defect growth
rates for Al-Li alloys will be verified at component level and under novel joining methods. In parallel with
the metallic one, a thermoplastic fuselage panel will be constructed and tested only for static test.

For the purposes of testing, advanced measurement and monitoring techniques will be required for
detecting onset of damage, such as onset of buckling and post buckling deformations during test. Digital
Image Correlation (DIC) is an advanced alternative method to the standard practise of employing
extensometer and optical methods. DIC method allows more accurate and global definition of deformed
shape of test article with reduced cost and time of data processing. Its advantage is that allows having
an overall view of the component's deformation at real time and with a fraction of the cost of traditional
optical methods.

The target with regards to technology level is to improve the current TRL levels of the above mentioned
technologies from 3-4 to 6 for the metallic demonstrator and 5 for the Thermoplastic demonstrator
upon the completion of full scale testing and evaluation.
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Description of test article

The structure under consideration will be a section of a stiffened fuselage panel that is required to be
tested at combined loading conditions of pressure and direct tension/compression and shear. Loading
cases for test will be provided by the topic manager. An example of the assembly of the fuselage
sections (Metallic and TP) is presented in the figures below (Figure 1 and 2).

Figure 1: Typical commercial aircraft fuselage section with floor beams

Figure 2: 3D model of the fuselage panels to be manufactured and tested (metallic left and TP right)

Indicative dimensions of both panels are the following:

Length :1-2.4m
Peripheral length :1-1.6m
Radius :1.1-1.65m

The final panel dimensions will be defined by the topic manager prior initiation of the project, when
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design parameters and manufacturing demonstrator tests will determine feasibility of specific structural
configuration.

One of the following three options for the test configuration can be proposed as guidance to applicants:

1. Testing set up of a fuselage panel, as shown on figure below (Figure 3). If an adaptation jig is
required for attaching the panel to the testing machine then this will be designed and
manufactured by the applicant.

2. A pressurization bending and torsion test set up of a barrel section where a part of the fuselage
section to be tested. The rest of the barrel will be a dummy section designed and manufactured
by the applicant.

3. Figure 4).

The capability to provide representative boundary conditions to that of a cylindrical shell i.e. as applied
in an actual fuselage section will be highly preferred.

Faar End Fanel
& Sugmont FM\
FPanel vider Test
Hinge Line
)

Front Endd Famel
& Torgue
Application Plane

Figure 4: Schematic of D-Box fixture configuration
Figure 3: Example of fuselage panel test (courtesy

AESDO/POLITO)

For the endurance test, the applicant should generate standard size defects at various locations on the
panel in order to demonstrate crack initiation and growth under test load conditions. The position and
number of defects will be provided by the topic manager. Such locations will be at the external or
internal surface of the skin and at the stiffening elements of the structure. For the locations at which
accessibility is required prior assembly, these defects will be made and marked accordingly by the topic
manager. A crack growth prediction of the most stressed defect shall be provided, for the actual test
spectrum to be applied on test, in order to serve as an aid to the endurance test planning and a means
of comparison with the test results. Endurance material data for this purpose will be provided by the
topic manager.

Loading conditions

Fuselage structures are subjected to a combination of bending, torsion and differential pressure loads.
These loading conditions for the test article are applied up to a percentage of limit loads for various
combinations of loads up to final ultimate failure test. For fatigue loading, loading conditions will
represent the operational conditions of the selected aircraft flight profile.
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Below are presented some indicative limit loads for fuselage panel test in order to provide a guideline
for the load capability of the test equipment. The final loading conditions depend on the panel
dimensions and evolvement of design studies. It will be commonly agreed by the topic manager and
applicant in order to ensure that load magnitudes generate stress levels that can initiate and grow a
crack from the initial size of the generated defects and at a number of cycles representative for the use
of a business jet.

Static Test Loads
o Positive Bending Moment [M+], M = +60000 kgm Limit
o Negative Bending Moment [M-] , M = -25000 kgm Limit
o Shear Force, V = 20000 kg Limit
The above loads are per the whole A/C section with radius of 1.1m and are limit loads
The Panel Structure shall be analyzed for:
o Ultimate load = Limit Load * Safety Factor of 1.5
In addition to the general fuselage load cases the panel structure shall be substantiated for cabin
pressure, where:
o 1AP=9.0psi
e Also it will be subjected to ultimate cabin pressure acting alone of:
o 2AP=18.0 psi
Both metallic and thermoplastic test articles will be delivered by the topic manager. A test plan will be
elaborated by the applicant in close cooperation with the topic manager.

At static test conditions, loads up to structural instability shall be reached, while internal pressure is
applied and buckling shape shall be measured at independent compression and shear loads and finally
at a combination of both load conditions, prior ultimate panel failure test.

Endurance test loads

Endurance test loads shall be representative of a flight mission profile of a typical business jet aircraft.
The load spectrum shall include ground and flight load conditions and accelerations resulting from gust
and manoeuvre loads. Since multidirectional loading is crucial for examining the growth direction of
crack in stiffened structures, especially shear load, a combination of above loads shall be used during
endurance test. As a reference the TWIST (Transport Wing STandard) load spectrum for commercial
transport aircraft is suggested to be used. The applicants that will make available for endurance test a
flight profile for a fuselage panel of a commercial jet, will be highly preferred. From the flight spectrum
the applicant should generate a final condensed fatigue spectrum that will be agreed with the topic
manager, prior initiation of endurance test. Fatigue loading will be applied up to a point that critical
crack length is reached for the first defect. Continuation of the test for allowing growth of remaining
defects will be done upon controlling the growth of developed cracks by standard repairs. Crack growth
monitoring shall be performed in order to enable accurate correlation of crack length with number of
cycles reached. A number of cycles equivalent to 40,000 flights are expected to be reached or a total of
500,000 cycles of combined loading.

Instrumentation and Data acquisition

Both metallic and thermoplastic panels that will undergo the static failure test shall be instrumented
with specific sensors that enable monitor and measurement of strain and deformations of the test
article such as strain gages. The specific locations will be provided by the topic manager, in order to
monitor and record the test article behaviour during test and provide data for the correlation with the
FEM analysis.

With regards to the metallic panel that will undergo fatigue test, instrumentation shall be employed for
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the purposes of correlating damage progression to specific load history. All data collected shall be
provided to the topic manager along with the test prediction and evaluation report. Data format to be
provided will be commonly agreed prior project initiation.

It is underlined that applicants that will provide test capability including all above load types (i.e.
tension-compression, shear and pressure) for the test article, will be highly preferred to those that will
propose part load capability.

Inspection and repair requirements

Visual inspection should be performed at each 5000 cycles interval and NDI at each 10000 cycles interval
for detecting damages on undamaged areas. Repairs that will be required for defects that have
developed prior others, shall involve operations ranging from stop drilling and sealing to small scale
patch repair. Applicants that will provide capability for monitoring crack length with novel technologies
will be preferred.

Upon completion of testing activities, test articles shall be returned to topic manager's facilities for
further evaluation.

Task Description:

Tasks
Ref. No. | Title — Description Due Date
1 Project management TO+24

Project management shall include a comprehensive schedule of activities
that will be monitored throughout the duration of the project

2 Static and Endurance Test Plan TO+4
A detail plan of the preparation work required for each demonstrator shall
be performed, along with the detailed test steps for each demonstrator.

3 Test prediction analysis TO+6
A FEM prediction of the linear and non linear response of the static test
demonstrators should be performed in order to aid definition of the
magnitude and increment of loads during test. Also to enable a means of
comparison with measured values. Non linear post buckling failure analysis
of the metallic panel is also required for comparison with final failure load.
A crack growth prediction analysis of the most stressed defect shall be also
performed. The effect of the residual stresses on crack path evolution shall
be taken into account and examined accordingly for the crack growth
prediction analyses of welded regions.

4 Design and manufacturing of adaptation tools TO+10
Design and manufacture of adaptation tools that will be needed in order
to attach test articles to the test machine

5 Test article instrumentation & calibration TO+12
With information provided from task 3 and in coordination with the TM,
specific drawings will be prepared with the detailed list of sensors that will
be installed on test articles.
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Tasks

Ref. No. | Title — Description Due Date

6 Thermoplastic panel static test TO+14
The thermoplastic panel shall be tested up to failure. Advanced
deformation imaging techniques such as DIC shall be used in order to
measure accurately the onset of failure and the post buckling behaviour of
the panel.

7 Fatigue Spectrum Compilation TO+14
Simplified fatigue test spectrum will be compiled by the applicant in order
to be able to generate required damage equivalent to the flight spectrum
loading.

8 Metallic Panel Endurance Test Completion TO+19
Completion of the endurance test will be concluded upon reaching criteria
combining evolution of length of generated damages and number of cycles
of spectrum loading.

9 Metallic panel static test TO+21
The metalic panel shall be tested up to failure. Advanced deformation
imaging techniques such as DIC shall be used in order to measure the
onset of failure and post buckling behaviour of the panel.

10 Evaluation of test results and documentation of test campaign TO+24
Static test results data should be reported for both metalic and
thermoplastic panels while endurance test data only for the metalic panel.

A comparison of measured with the predicted response shall be reported.
3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware
Deliverables
Ref No. | Title — Description Type* Due Date
1 Test Plan report R TO+4
2 Thermoplastic and metallic panels static test prediction analysis | R TO+6
report
3 Delivery of test adaptation tools HW &R | TO+10
4 Thermoplastic panel static test report R TO+14
5 Metalic panel fatigue spectrum and endurance test prediction | R TO+18
report
6 Metalic panel static test report R TO+21
7 Thermoplastic panel test article delivery HW TO+22
8 Metalic panel fatigue test report R TO+24
9 Metalic test articles delivery HW TO+24
Milestones
Ref. No. |Title - Description Type* Due Date
1 Review of design data R TO+4
2 Review of component design and test plan R TO+6
3 Panel Configuration for full scale test R TO+10
4 Tests evaluation closed R TO+24
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4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

= Experience in testing of large aerospace structures for research or airworthiness certification
purposes for commercial aircraft (metallic and composite).

= Record in test prediction analysis using CAE methods (FEM analysis) and LEFM

= Experience in application of traditional and innovative test measurement techniques, DIC, IR

Thermography

Advantageous:

=  (Capability to design and construct large scale tooling.

5. Abbreviations

TRL
™
CfP
LBW
FSW
LEFM
PDR
CDR
CAD
FEM
DIC
IR
TP
kgm
CAD
FEM
DIC

TP
kgm
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IV. JTI-CS2-2020-CFP11-AlR-03-11: Development and execution of new test methods for

thermoset panel manufactured in an automated tape layup of dry unidirectional fibres

(UD) or non-crimped fabrics (NCF) and subsequent infusion

(in Months):

(at the earliest)*:

Type of action (RIA/IA/CSA): IA

Programme Area: AIR

(CS2 JTP 2015) WP Ref.: WP C-2.3

Indicative Funding Topic Value (in k€): 500

Topic Leader: University of Type of Agreement: Implementation Agreement
Stuttgart

Duration of the action 24 Indicative Start Date > Q42020

Topic Identification Code

Title

JTI-CS2-2020-CFP11-AIR-03-11

Development and execution of new test methods for
thermoset panel manufactured in an automated tape layup
of dry unidirectional fibres (UD) or non-crimped fabrics (NCF)
and subsequent infusion

Short description

The topic addresses the validation of the structural behaviour of a thermoset panel consisting of
stiffeners and skins. The test results shall demonstrate the competitiveness of the newly developed
manufacturing process and the potential of this technology. The response of the structure to defined
static loads will also sharpen the understanding of the chosen manufacturing concept and design.

Links to the Clean Sky 2 Programme High-level Objectives*

This topic is located in the demonstration area:

Eco-Design

the scene setter:

The outcome of the project will mainly contribute to the
following conceptual aircraft/air transport type as presented in

Advanced short / medium range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Cd Cd X Cd

*® The start date corresponds to actual start date with all legal documents in place.

®For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

ecoTECH’s project, which is part of Activity Line C of AIRFRAME ITD, aims to develop and demonstrate
the technologies required to improve the environmental footprint of future aircraft life cycle. Currently
used manufacturing technologies for most structural composites, like e.g. the use of pre-impregnated
fabrics or tapes which are laid-up on tools, vacuum bagged and cured in an autoclave under elevated
pressure and temperature, are very energy-intensive and expensive.

Within ecoTECH, different innovative technologies are investigated in order to achieve substantial
improvements on the key levels of thermoset composite manufacturing. Besides novel tooling concepts
and optimized infusion processes, the Advanced Ply Placement (APP) technology is used. APP is an
innovative process for the fully automated production of large CFRP components. Originally developed
for the placement of prepreg materials, APP will be optimized for the placement of dry fibre placement
directly into a 3D mould with subsequent infusion of the preform. This method reduces waste of
material and offers potential for automation. A demonstrator of a stiffened panel will be the result of
such activities. A further important component of the ecoTECH project is the consideration of life cycle
analysis (LCA), which is also applied in the context of this work.

The aim of the topic is to validate the new and innovative manufacturing technologies compared to
state-of-the-art methods. The tests to be carried out should show the structural integrity, its
performances and the component behaviour under load, as well as demonstrate the competitiveness of
the production methods. The test campaign has to incorporate innovative approaches for the
demonstrator testing and analysis such that the scope of the tests (i.e. number of specimens) can be
reduced. Such an approach would decrease the workload for manufacturing large scaled demonstrators
and minimize costs while keeping the highest possible degree of accuracy and significance of the results.

2000mm

Figure 1: Example of a sketch of the demonstrator, geometries subject to change

2. Scope of work

In this topic, the performance capability of the automated tape layer process with dry UD tape or NCF
and its subsequent infusion shall be validated by a specified testing program. The test matrix shall follow
the building block approach from Level 2 (Structural details) to Level 3 (Subcomponent). The test
components for Level 2 and Level 3 testing will be provided by the Topic Manager. Level 1 trials will be
completed by the topic manager before the start of the project and the results may be made available
to the applicant if necessary. They will include standard coupon tests like compression, tension, shear as
well as characterization of fracture Mode I+l and mixed mode. All tests will be executed under ambient
conditions and quasi-static loads. Since Hot/Wet and fatigue behaviour of the components are of great
relevance but are not expected to be feasible within the given budget, they will be addressed by the
Topic Manager afterwards if requirements arise. LCA data must be collected by the applicant on the
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basis of an individual questionnaire provided.

Level 2 (Structural details)

The applicant has to bring in innovative approaches to reduce the test volume and costs of level 3
testing by new tests or test methods in level 2 (i.e. methods and technologies for out of plane failure
modes monitoring at real time). They ideally shall allow predicting the structural behaviour of the
demonstrator in level 3. Selected components will be produced with conventional methods (e.g.
prepreg hand layup), in order to facilitate the comparison with APP. Since the manufacturing of full scale
demonstrators is time consuming and cost intensive the new approaches shall mitigate the APP
production technology risks early at level 2 and provide validated information to use only one validation
test in level 3 (i.e. one APP and potentially one prepreg).

Level 3 (Subcomponent)

Level 3 shall focus on validating design methodologies employed in subcomponent design and the
performance of new manufacturing processes and used materials. As required for level 2, innovative
approaches for the test setup, for force introduction, measurement data acquisition and test execution
has to lead to a reduction of test time and test scope in level 3 testing. The aim is to get by with just one
demonstrator (i.e. one APP and potentially one prepreg) and still shows that the innovative
manufacturing technologies and materials used for the realization of the demonstrator have a high level
of confidence.

Specimen boundary and load introduction conditions are more representative of the actual structure
than in the element tests. Biaxial loading can be applied. The level of specimen complexity allows
incorporation of representative structural details. The resulting load distributions and local bending
effects become observable and out-of-plane failure modes become more representative of full-scale
structure.

It is proposed to structure the activities in the following tasks:

Tasks

Ref. No. | Title - Description Due Date

Level 2 Test

L2-TkO P'reparati'on (?f test. plan fpr level 2 tests 1042
(in coordination with topic manager)

L2-Tk1 Design and manufacturing of test tools TO+5

L2-Tk2 Testing TO+8

L2-Tk3 Test report + LCA data TO+9

Level 3 Test

13-TkO Preparation of test plan for level 3 testing (in coordination with T0+11
topic manager)

L3-Tk1 Design, manufacturing and installing of test fixtures TO+15

L3-Tk2 Testing TO+22

L3-Tk3 Test report + LCA data TO+24

Level 2 Tests
The following tests are expected (final list of tests and number of coupons to be confirmed and defined
at the beginning of the project):

- Crippling

- Compression / Shear test
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- Stringer/Skin CAI

- 7-point-bending test
L2-TkO Preparation of test plan for level 2 testing
In collaboration with the topic manager the Applicant shall develop a test plan for level 2 testing.
Especially new innovative approaches for in-situ damage monitoring are highly recommended to be
implemented in level 2 testing in order to reduce cost amount of testing.
L2-Tk1 Design and manufacturing of test tools
Design and manufacturing of the test tools shall start after the acceptance and approval of the test plan
L2-TkO. Main requirements and features needed for level 2 testing will be provided and planned at the
beginning of this project.
L2-Tk2 Testing
Tests are to be done according to the test plan defined in L2-TkO. The topic manager might join the
testing at the facilities of the applicant. Any deviations from the standards jointly defined at the
beginning of the project are to be reported to the topic manager and changes to the defined test plan
are only acceptable with prior approval of the topic manager. These tests will either validate the chosen
design or help to define an optimized design for the demonstrator. They will also help to define the level
3 test setup and volume. Tests are to be performed under ambient conditions and quasi-static loading.
L2-Tk3 Test report + LCA data
The final deliverable of level 2 is a conclusive test report and the handover of the collected LCA data.
Preliminary test results have to be communicated on the request of the topic manager. They might
influence the test plan and setup for level 3 testing.

Level 3 Tests
The overall dimensions of the demonstrator are about 2m x 1m (flat or curved) with 2mm thick panel
and 1.5mm thick omega stiffeners. An indicative sizing of the omega stiffeners is given in Figure 1, but
these are expected to change slightly after final design. Preliminary loads required for compression and
tension are about 200 tons and 150 tons respectively. Load cases to be tested are compression, tension,
shear and possibly combinations of these. One load case will be tested until failure.
L3-TkO Preparation of test plan for level 3 testing
The applicant will participate to work out with the topic manager the test plan for level 3 testing. The
test plan shall define all details and conditions necessary for the successful execution of the tests and
reflect the exact test sequences. It also has to show the innovative approach to reduce the testing
scope.
L3-Tk1 Design, manufacturing and installing of test fixtures
Design and manufacturing of the test tools shall start after the acceptance and approval of the test plan
L3-TkO. Main requirements and features needed for level 3 testing will be provided and planned at the
beginning of the project. Level 2 test results might influence some details of the level 3 testing. The final
design shall take into account among others:

- Rigidity of the test setup

- Adaption and assembly of the specimen to the test rig

- Load application systems and devices

- Suitable and sufficient test monitoring (e.g. strain gages, optical measurement systems, high-

speed cameras etc.)

- Repeatability and traceability of experiments
L3-Tk2 Testing
Tests are to be done according to the test plan defined in L3-TkO. The Topic manager might join the
testing at the facilities of the applicant. Any deviations from the defined standards are to be reported to
the topic manager and changes to the defined test plan are only acceptable with prior approval of the
topic manager.
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The applicant is responsible for ensuring that all the superstructures, instrumentations, actuators and
data acquisition systems (e.g. optical strain measurement) required for the tests are available on
schedule and that the tests are carried out according to plan.

L3-Tk3 Test report + LCA data

The final deliverable of level 3 is a conclusive test report and the handover of the LCA data of level 3
testing. Preliminary test results are to communicate on the request of the topic manager. Data
evaluation must be traceable and transparent.

General Remark:

The topic manager will provide the information to the selected applicant (general requirements,
specification, etc.) and will supply the specimen to be tested.

The applicant shall work in close coordination with the topic manager at all times and shall
communicate any recognizable problems or deviations from defined processes openly and at an early
stage. The applicant shall manage and lead all the activities included in this document. The selected
applicant is responsible for the design, the manufacturing and the installing of the fully functional test
rig at its facilities, for the execution of all defined tests and the test results delivery.

All activities are always to be performed under the supervision of the topic manager.

IP-management and further details to the abovementioned topics will be discussed with the applicant
when selected.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. | Title - Description Type* Due Date
D1 Level 2 test plan proposal (in collaboration with TM) R TO+2

D2 Level 2 test report + LCA data R TO+9

D3 Level 3 test plan proposal (in collaboration with TM) R TO+11

D4 Level 3 final test report + LCA data R TO+24
Milestones

Ref. No. | Title - Description Type* Due Date
M1 Kick off meeting R TO

M2 Level 2 critical design review: tooling and test set up R TO+9

M3 Level 2 test report R TO+12
M4 Level 3 critical design review: tooling and test set up R TO+13
M5 Level 3 test readiness review: tests start R TO+15
M6 Final test report R TO+24

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

= Quality System to assure the Quality of all Products and Services performed by the Test Lab. Quality
System International Standards (i.e. EN 9100:2009/ 1SO 9001:2008/ 1SO 14001:2004).

= Suited load cells, universal testing machines, strain measurement systems (among others: 3D non-
contact strain measurement, clip-on extensometer, strain gages), hydraulic actuators, flexible test
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= Access to a workshop for manufacturing of individual test fixtures, advanced NDT systems and
expertise.

= Access to design and analysis tools compatible to the standards of the aeronautical industry (e.g.
Catia V5), data management system, data storage system, high-speed camera systems, impactor.

=  Capability to realize this project in terms of expertise, manpower, test facilities

Advantageous:
= Ability to minimize test effort with the development of innovative test approaches.

= Strong knowledge and experience in mechanics, tooling design and composite components at
coupon level and structural testing.

= Expertise in developing, managing and execution of test programs with fibre reinforced plastics.
= Experience in working in an international project team with an aeronautical background.

5. Abbreviations

APP Advanced Ply Placement

CAl Compression After Impact
CFRP Carbon Fiber Reinforced Plastic
IP Intellectual Property

LCA Life Data Assessment

NCF Non-Crimped Fabric

NDT Non Destructive Testing

™ Topic Manager

ub Unidirectional fibres
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7. Clean Sky 2 — Systems ITD

JTI-CS2-2020-CfP11-SYS-01-22: Oxygen Absorbing Metal-Air-Batteries for Long Term

Cargo Compartment Inertisation

Type of action (RIA/IA/CSA): RIA

Programme Area: SYS

(CS2 JTP 2015) WP Ref.: WP 2.3

Indicative Funding Topic Value (in k€): 800

Topic Leader: Diehl Aviation Type of Agreement: Implementation Agreement
Gilching GmbH

Duration of the action 24 Indicative Start Date > Q4 2020

(in Months): (at the earliest)*:

Topic Identification Code Title

JTI-CS2-2020-CfP11-SYS-01-22

Oxygen Absorbing Metal-Air-Batteries for Long Term Cargo

Compartment Inertisation

Short description

One of the main challenges for Halon free fire suppression in cargo compartments is the long term
inertisation for the ETOPS duration after the initial knock down phase. Known concepts like bottled
nitrogen and OBIGGS systems are relatively heavy and have several reliability and safety issues. A novel
and very innovative approach for inertisation is binding the oxygen in metal oxides instead of bringing
nitrogen into the compartment. Metal-air-batteries are promising candidates for this principle as they
allow for a controlled metal-air reaction. In this topic the metal — electrolyte combination shall be
selected, a battery integration concept shall be created. A demonstrator shall be built and tested. Finally
the demonstrator will be integrated the topic leader Fire Test Facility for long term fire suppression

tests.

Links to the Clean Sky 2 Programme High-level Objectives™

This topic is located in the demonstration area:

Cabin and fuselage

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport

type as presented in the scene setter:

Advanced long range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
Cd Cd Cd X Cd

*% The start date corresponds to actual start date with all legal documents in place.
**For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

Fire suppressions systems are mandatory for all modern large aircrafts which comprise a Class C cargo
compartment. These systems currently use the environmentally hazardous extinguishing agent Halon
1301. Due to its ozone depletion and global warming potential, Halon 1301 was banned from
production by the Montreal Protocol. The further use of Halon 1301 for cargo compartment fire
suppression was limited by EU regulations and was only permitted until the end of 2018 for new type
certificate aircrafts. Diehl Aviation developed an environmentally friendly replacement technology
based on water mist and nitrogen, which has been proven to be the, so far, only available and officially
tested alternative for the current Halon based systems.

The development of specific system components are part of Cleansky 2 ITD Systems WP 2.3 - Cabin and
Cargo Systems. The call shall support these efforts by providing a novel technology — Oxygen Absorbing
Metal-Air-Batteries - to maintain the inertisation of the cargo compartment during ETOPS time.

In this application the functional objective of the battery is not electrical power generation. The Metal-
Air-Battery will be connected to the cargo compartment. Oxygen-rich air from the compartment will
oxydize the metal within the battery and oxygen depleted air will be returned to the cargo compartment
in order to maintain an inert atmosphere.

Cargo Compartment

O
|8 P
[
0) Battery Qi%
(0] ()
{0, ~= @ -a-

Figure 1: Schematic representation of the envisaged inertisation concept

2. Scope of work

The tasks of this call are summarized in the following table. A more detailed description of work is
provided in the subsequent paragraphs. The key characteristics of the envisaged battery system are
listed after the task descriptions.

Tasks

Ref. No. | Title — Description Due Date

1 Definition and clarification of requirements, boundary conditions, TO+3M
testing metrics and test procedures

2 Selection of metal and electrolyte system TO+8M
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Tasks

Ref. No. | Title — Description Due Date

3 Chemical laboratory demonstrator and battery concept TO+14M

4 Development and design of battery TO+17M

5 Verification tests and performance assessment of the developed TO+20M
batteries

6 Manufacturing and integration of batteries at fire test facility TO+22M

7 Proof of concept Fire Suppression tests at topic leader facility TO+24M

Task 1: The requirements related to functional performance, safety and reliability properties,
temperature, mechanical robustness as well as other aviation specific requirements shall be jointly
defined in cooperation with the topic leader. Test procedures for functional tests and verification of the
prototypes shall be defined.

Task 2: An overview of potentially applicable metal and electrolyte systems shall be elaborated,
resulting in a conceptual and comprehensive study to select the most suitable technology(s). As part of
the research and innovation action the technology(s) shall be further developed to meet the specific
functional requirements e.g. tolerance to fire gases and smoke as well as the aerospace requirements
e.g. light weight and high reliability.

Task 3: Develop a detailed battery concept and build a chemical laboratory demonstrator based on said
concept. The concept should include novel approaches for electrode design to enable a high material
consumption rate and high oxygen absorption rate as well as measures to prevent poisoning of the
battery by fire gases. The concept shall ensure long-term storage of the unactivated battery and
solutions for its activation in case of a fire alarm event. In addition, suitable analytic capability like x-ray
tomography, SEM, TEM, EDX and EBSD to characterize the reaction.

Task 4: Based on the laboratory concept of Task 3 a prototype battery design shall be developed and
manufactured. In addition, suitable test equipment/test bench for functional testing shall be developed.
The goal of this task is to provide at least four prototype batteries, as well as functional test equipment.
These prototype batteries are further used for verification, performance and necessary safety relevant
tests (Task 5).

Task 5: The test program that was defined in Task 1 shall be conducted in order to demonstrate
feasibility, performance and safe operation of the developed prototype design(s) (refer to Task 4).

Task 6: Based on the verified prototype battery design (refer to Task 4 and 5), batteries for at least 10
fire tests with a duration of 5 h shall be manufactured. The task will be completed by supporting
integration of the manufactured batteries at the Topic Manager’s fire test facility.

Task 7: The final proof of concept fire suppressions tests are performed at the TM’s facility and
operation of the batteries during these tests shall be supported by the applicant. The built and tested
battery demonstrator shall be described in a reference document which includes all relevant
information for reproducing the conducted tests.

The battery demonstrator shall have the following key-characteristics. A detailed list of requirements
will be provided by the Topic Manager during the project.
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Key Characterisitics

e Absorption capability of 1,1g O, per second from air with an oxygen Level of 11%
e The use parallel batteries is possible

e Capacity for an operation of 5 hours

e QOperation in an air pressure range from 600 mbar to 1100 mbar
e Tolorance to fire gases (CO2, CO, Smoke)

e Compliance with RTCA DO160 Rev G — especially

o Materials with Fire-Smoke-Toxicity (FST) requirements for cabin applications

o Survival of temperatures between -55°C to +85°C
o Operation in a temperature range between -40°C to +70°C
(@]

Resistance against certain fluids that occur in aircrafts (e.g. Jet Fuel, Skydrol, cleaning

agents) on the battery outside
o Shocks- and vibrations resistance

Long term stability of 10 years for the unactivated battery
Single Use Battery (the system can be replaced after one activation)

The system shall be demonstrated at the Topic Managers fire test facility in Freiberg, Germany (near
Dresden). The applicants shall support the integration and tests at the Topic Manager’s facility.

3. Major Deliverables/ Milestones and schedule (estimate)

Month [“]~[e]=[w]e[~r[=[=a]a]=][][a][=[a]e][][=][a][a][R][][a][S
Tl Definition and clarification of requirements, ﬁ
boundary conditions, testing metrics and test 0 A
2 Selection of metal and electrolyte system ES
" D2
3 Chemical laboratory demonstrator and battery
concept

T4

Development and design of battery

T5

Verification tests and performance assessment
of the developed batteries

T6

Manufacturing and integration of batteries at
fire test facility

T7

facility

Proof of concept Fire Suppression tests at TM’s

ﬁ

Deliverables

Ref. No. Title — Description Type | Due Date

D1 Report of metal and electrolyte selection R TO+8M

D2 Report of chemical laboratory demonstrator & battery concept | R+H | T0O+14M
W

D3 Verification test report R T0+20M

D4 Batteries for 10 fire-tests with 1,1g/sec 02 over 5 hours HW TO+22M

D5 Reference documentation of battery D+R | TO+24M

Milestones (when appropriate)

Ref. No. Title - Description Type* | Due Date

MO Kick-Off meeting conducted R TO

M1 Specification document submitted R TO+3
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Milestones (when appropriate)

Ref. No. Title - Description Type* | Due Date

M2 Review of metal and electrolyte selection conducted R TO+8

M3 Design review of battery concept conducted R TO+14

M4 Development report submitted and test units for Task 5 R/HW | TO+17
available

M5 Verification test report submitted R TO+20

M6 Demonstrator parts provided and integrated into fire test HW TO+22
facility completed

M7 Proof of concept Fire Suppression tests completed R TO+24

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

Electrochemical lab
Ability to design and manufacture test cells and demonstrator cells
Long term experience with 3D structure-property relationship investigations in battery electrodes
The ability to perform in-situ or in-operando measurements to characterize the reaction like
o X-ray tomography (structure and morphology analysis, structure-properties relationships,
guantification of material phases)
o SEM and TEM imaging and analysis capabilities (including EDX and EBSD) (nanostructure of
the electrode)
3D Analysis
o oxygen transport paths in the battery volume
o surface/volume ratios, active surface area
o 3D electrolyte distributions
Multiscale analysis (chemical/morphological/metrological)
Gas/ion/electron flow end network analysis/simulation

5. Abbreviations

EBSD Electron Backscatter Diffraction

EDX Energy Dispersive X-ray Spectroscopy

ETOPS Extended-Range Twin-Engine Operational Performance Standards

FST Fire-Smoke-Toxicity

RTCA Dol60 Rev.G  Environmental Conditions and Test Procedures for Airborne Equipment Do-
160

SEM Scanning Electron Microscopy

TEM Transmission Electron Microscopy
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Il. JTI-CS2-2020-CfP11-SYS-01-23: Development of a multi-position valve with associated

actuator for cargo fire protection

Type of action (RIA/IA/CSA): 1A

Programme Area: SYS

(CS2 JTP 2015) WP Ref.: WP 2.3

Indicative Funding Topic Value (in k€): 500

Topic Leader: Safran Type of Agreement: Implementation Agreement
Duration of the action (in | 20 Indicative Start Date (at | > Q4 2020

Months): the earliest)*:

Topic Identification Code

Title

JTI-CS2-2020-CfP11-SYS-01-23

Development of a multi-position valve with associated

actuator for cargo fire protection

Short description

Trend for new aircraft and associated systems is to limit their energy consumption. In the frame of the
cargo fire protection a regulated valve piloted by an associated actuator has to be developed allowing to
optimize and reduce the bleed air consumption. Optimize the weight, reliability and maintainability of
such a valve will be the main targets of this study. The work in this topic will allow to provide a high
reliable and low cost multi position valve for inerting applications.

Links to the Clean Sky 2 Programme High-level Objectives™

This topic is located in the demonstration area: Cabin and fuselage

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport
type as presented in the scene setter:

Advanced Short/Medium Range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

*2 The start date corresponds to actual start date with all legal documents in place.

>3For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

In the frame of SYSTEMS ITD WP2.3 (cabin and cargo systems), a cargo compartment fire-suppression
system is being developed to replace the existing Halon-based suppression system. This new system will
avoid any dispersion of CFC gases (components with high Ozone Depletion Potential and high Global
Warming Potential), hence it will reduce the aircraft impact on the degradation of the atmosphere. It is
composed of a knock-down system interfaced with an on board inert gas generation system (OBIGGS) to
maintain an inert atmosphere in the cargo compartment.

This inerting system is based on the use of polymeric membranes that separate the air gases. The
membrane, also called ASM (Air Separation Module), is fed with compressed air coming from the bleed
air circuit or from a dedicated compressor. By a phenomenom of diffusion, part of the oxygen is
removed from the feed air. The Nitrogen Enriched Air (NEA) recovered at the end of the membrane is
injected in the cargo compartment to reduce the oxygen percentage below 12% of the air volume and
maintains an inert atmosphere. NEA is not detrimental to the earth’s atmosphere.

Similar types of inerting systems are already operated to protect the fuel tanks. A trend for the future is
to use the same equipment for fuel tank inerting and fire-suppression in the cargo bay. The stream of
gas would be injected in the fuel tanks during the flight and automatically diverted to the cargo
compartment as soon as a fire alarm occurs. As the fire-suppression system is essential (unlike the fuel
tank inerting system), priority would automatically be given to the first one. The inerting system would
be mainly defined according to the fire-suppression function requirements.

Fuel tank inerting system is permanently fed with bleed air during the flight.

Up to now, NEA flow is controled by a traditionnal two-position valve (high flow or low flow).The new
valve proposed in this call will allow a fine regulation of the NEA flow, hence to inject exactly the
requested quantity of NEA to inert the volumes (cargo compartment or tank) and avoid any waste of
gas. Doing that will allow to reduce the OBIGGS bleed air consumption, and consequently the fuel
consumption and the associated production of CO,.

A schematic describes the location of this multiposition valve, also called FCV (flow control valve).

Fmer e z
S : 54—

Oxygen Enriched Air (OEA)

The electrically driven valve shall adjust its passage’s section to regulate the flow thanks to electrical
current provided to the valve (closed loop system with gauging and flow evaluation means).

2. Scope of work

The objective of this project is to develop, build and test a demonstrator at TRL 6 of such a multiposition
flow control valve.

A technical specification defining the NEA characteristics pressure and flow ranges as well as the
expected regulation characteristics (accuracy, response time) will be provided at the start of the project
by the Topic Manager. Note that the temperature of the gas will generally be around 75°C.

Preliminary Range of characteristics :
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Flow rate : from 2,5 g/s to 40 g/s

Expected accuracy ( including aging of the valve) is +/-10 % of the flow

Upstream pressure : From 5 bar abs to 1,2 bar abs depending on the flight phase. Max flow is linked to
max pressure.

This table is provided as a guide for preliminary estimation of the valve size:

Pressure upstream of the valve Bar abs 5 3 1.2
Pressure downstream of the valve | Bar abs 1 1 0.3
Gas flow g/s 40 10 2.5

Air Leakage : no internal leakage when closed
Power supply: 28 VDC

Consumption: less than 1 A

The project is split in several tasks.

Tasks

Ref. No. | Title — Description Due Date
Tl Specification reception TO+1M
T2 Review of the pneumatic valve technologies TO+2M
T3 Selection of the concept via trade off analysis TO+3M
T4 Prototypes Design TO+9M
T5 Prototype manufacturing TO+15M
T6 Prototypes qualification test done by the selected partner TO+20M

Task 1: Collect from the topic leader the parameters (pressure, flow rate, temperature, vibration) which
will be the base to provide an accurate specification.

Task 2: Review of the pneumatic valve technologies available to provide a regulating valve with very
high reliability, low maintenance, and competitiveness.

Evaluation of the pros and cons of the technologies proposed for the mechanical and pneumatic parts of
the control valve, as well as for the actuator, according to the specification requirements delivered by
the Topic Manager at the beginning of the project.

Task 3: selection of the best candidate technology. Evidences and trade off of the technology that
provides a high reliability, low weight and low production cost will be delivered, based on analysis,
similarity or tests

The objective is to successfully pass a TRL3 review. It is considered that the applicant already masters
the technology at the TRL3 level.

Task 4: Design of a pneumatic valve with an actuator based on the selected technology. This task will
include the evidences of the high reliability, low weight, maintainability and accuracy capabilities of the
equipment. Intermediate mock-ups can be built to demonstrate the characteristics of the valve & its
associated actuator if deemed necessary by the applicant. Development will be conducted according to
main aerospace standards (especially for actuator).

Task 5: Manufacturing of the prototypes (pneumatic valve + actuator). One of these propotypes will be
integrated in an OBIGGS instead of the traditionnal flow control valve. The quantity of components will
be determined by the applicant. (For information, a quantity of 5 to 7 valves + actuators is a preliminary
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estimation).

Task 6: Valve + actuator test campaigns performed by the applicant and will integrate at least:
e Verification of the pneumatic and electrical performances of the valve and actuator (mainly
accuracy, response time, electrical performances) in “lab conditions”
e Verification of the performances of the valve in “real conditions”: low and high temperature
e Long-term endurance tests of the valve+actuator (on/off cycles)
e Environmental test campaign according to DO160 standards to prove that the equipment
operates in any environmental conditions: vibrations, acceleration, EMC, lightning

3. Major Deliverables/ Milestones and schedule (estimate)

Deliverables

Ref. No. Title — Description Type | Due Date
D1 Trade off analysis R TO+3month
D2 Prototype design R TO+9

D3 Prototypes manufacturing HW TO+15

D4 Qualification report R TO+18

D5 Documentation for TRL6 MRL6 evaluation R T0+20
Milestones (when appropriate)

Ref. No. Title — Description Type | Due Date
M1 Trade off analysis R TO+3month
M2 CDR and TRL 3 milestone R TO+8

M3 Prototypes delivered to topic manager HW TO+15

M4 TRL 6 report with lessons learnt R TO+20

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

= Significant experience on design, qualification of very high reliability pneumatic valve and actuators
=  Capability on industriallizing aerospace valves and associated actuators
= Capability to develop according to aerospace standards

=  Capability to provide and test prototypes meeting aerospace requirements

Advantageous:

= Ability to perform tests of the assembly valve + actuator in an harsh environment

5. Abbreviations

EMC Electric Magnetic Compatibility

FCV Flow Control Valve

NEA Nitrogen Enriched Air

NEADS Nitrogen Enriched Air Distribution System
OBIGGS On Board Inert Gas Generating System
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. JTI-CS2-2020-CfP11-SYS-02-62: Thermoplastic wheel for electrical Environmental Control

System
Type of action (RIA/IA/CSA): IA
Programme Area: SYS
(CS2 JTP 2015) WP Ref.: WP 6.1
Indicative Funding Topic Value (in k€): 750

Topic Leader:

Liebherr Toulouse

Type of Agreement:

Implementation Agreement

Duration of the action
(in Months):

30

Indicative Start Date
(at the earliest)**:

>Q4 2020

Topic Identification Code

Title

JTI-CS2-2020-CFP11-SYS-02-62

Thermoplastic wheel for electrical Environmental Control
System

Short description

Several technology bricks are developed to address needs for a future Electrical ECS allowing significant
benefits in terms of fuel consumption reduction through more efficient use of aircraft energy. Air cycle
machines used in air cooling systems integrates usually one of several thermodynamic stages composed
of a wheel. The aim of the topic is to develop a process to realize a flange wheel in thermoplastic
composite (PAEK) to reduce weight and optimize the performance of the turbine wheels or compressor.

Links to the Clean Sky 2 Programme High-level Objectives>

This topic is located in the demonstration area:

Environmental Control System

in the scene setter:

The outcome of the project will mainly contribute to the
following conceptual aircraft/air transport type as presented

Advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

** The start date corresponds to actual start date with all legal documents in place.
>>For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

In the frame of Clean Sky 2 - Systems ITD, several technological bricks are developed to address needs
for a future Electrical ECS which allows significant benefits:

o Fuel consumption reduction through more efficient use of A/C energies
o Improvement of A/C availability by increasing systems reconfiguration capabilities

Air cycle machines (ACM) used in air cooling systems integrates usually one of several thermodynamic
stages (turbine or compressor) composed of a wheel (rotating part), a potential stator stage (injector or
diffuser) and a scroll (See Fig. 1).

Compressor scroll Compressorwheel

Turbine wheel
Containmentring

{ ‘ .:" . ! A ’ : 1 -5
/\ - < : -~
; \\ il
Turbine scroll AN vt i \

Fig. 1: Cross section of an Air Cycle Machine (ACM).

Fan scroll

In classical pneumatic Environmental Control System (ECS) the compressor has a moderate pressure
ratio (~1.4) as pressurized air is taken from the engine. The turbine has a more important pressure ratio
(~4) and its efficiency impacts the ECS consumption. The performance of the turbine wheel represents
then a major parameter to enhance the global performance of the ECS.
In new electrical ECS, the compressor has to make all the compression ratio (up to 5) and becomes then
the most important wheel to optimize. It is very difficult today to meet enough efficiency with classical
compressor wheel for this kind of application.
The capability of manufacturing flange compressor wheel for electrical ECS, or flange turbine wheel for
pneumatic ECS would result in an important gain:
- The efficiency of the turbine or compressor will increase of 5 to 10 points as already observed in
previous projects,
- For pneumatic ECS this efficiency gain will result in a lower air bleed consumption and then
directly reduce the aircraft fuel consumption,
- For electrical ECS, this efficiency gain will result in lower electrical consumption and lower
maximum power consumption that drives the electrical motor and power electronic design,
- The size and mass of the motor and power electronics will decrease and then reduce the aircraft
consumption.

Today it is easy to produce by injection a flange or a wheel, but producing flange wheel is a big challenge
as any available capable process is there. Only additive manufacturing could allow to produce this kind

of flange wheel. But material available for additive manufacturing have too low mechanical properties
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(30 to 50 MPa) and doesn’t allow to reach required performances. The thermodynamic performance has
been assessed but the process and the mass of the wheel does not allow us to use it in serial
applications.

A prototype of flange compressor for electrical ECS has already been manufactured in 3D print titanium
and tested. The use of titanium leads to double the mass of the wheel and increase then dynamics
constraints on the rotor.

A new process has to be investigated allowing to manufacture thermoplastic flange wheel with material
with carbon fibers and capable to reach mechanical properties between 250 to 300 MPa.

Today, as far as we know, there is no process with such capability. Studies and analysis would be led to
determine an innovative process to produce this part in one shot or with several associated processes.
The capacity to produce a flange wheel in a lighter material is needed to allow its use in an e-ECS
application. The capability to manufacture flange wheels will allow to meet design constraint to use this
technology in aircraft air systems.

2. Scope of work

Tasks

Ref. No. | Title - Description Due Date
Task 1 Definition of the requirement M2

Task 2 Choice of the flange wheel M6

Task 3 Definition, design, calculation of a flange wheel M12
Task 4 Conception and manufacturing mould and flange wheel prototypes M26
Task 5 Characterization and testing of the flange wheel on the air cycle machine M30

Task 1: Definition of the requirements

At the beginning of the project, the Topic manager will define the following requirements:
- Nature of the material with PAEK family (sub-family of PEEK and PEKK)

- Conditions during service : speed, pressure, temperature, atmosphere, stress

Task 2: Choice of the flange wheel

The selected flange wheel that will be developed will be done in collaboration with the Topic manager
and according to the feasibility of the part with respect to the technology. The technical requirements
and inputs related to the selected part will be provided by the Topic manager to the applicant. Potential
dimensions of the flange wheel are 70 - 160mm diameter and 20-50 mm length.

Task 3: Definition, design, calculation of a flange Wheel

As the choice of the flange wheel is determined the flange wheel has to be defined. The design must
take into account the constraints of the process (homogeneous, dimensions tolerances, thickness,
radius). This wheel will undergo a calculation of stress in order to ensure its mechanical performance.
The final design and the calculation of stress will be carried out in collaboration with the partners of the
project and validated by the topic manager.

Task 4: Conception and manufacturing mould and injection of flange wheel prototypes

The applicant will design whatever needed to be able to produce the flange wheel according to the final
design of the part and outputs of task 3. If injection choosen, this step shall include rheological
simulations. The applicant will manufacture the mould accordingly.

First flanges wheel prototypes will be manufactured and characterized with destructive and non-
destructive technologies (e.g. tomography). The number of first flanges wheels will be defined by the
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applicant but it should be sufficient:

To check the thickness homogeneity (especially thickness flanges wheel walls),

To check the position of the insert (if necessary),

To control geometry and its compliancy with the defined design,

To identify potential defects (porosity, fibres repartition, other defects). A specific protocol could be
proposed to control the position of the reinforcement.

The design and process parameters will be modified and optimized according to the previous step.

This steps will be repeated as much as necessary to obtain a part compliant with the requirements
(thickness homogeneity, geometry & no defect). This iterative process will be ended with the final
definitions of the process and the design of the part.

When the process will be secured and optimized, the applicant will manufacture flange wheel
demonstrators.

The applicant will propose a solution for an industrial process. An economic analysis will be done by the
applicant.

Task 5: Characterization and testing of the flange wheel on the air cycle machine

The geometry of the demonstrators will be checked by the applicant with non-destructive technologies.
A final demonstrator could be integrated in Air Cycle Machine, tested by the topic manager in specific
test benches. The success of this task will ensure a TRL5 for the Topic Manager.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. | Title - Description Type* | Due Date
D1 Design of the flange wheel R M6

D2 Stress calculation Report D M9

D3 Process definition report R M9

D4 Design of the manufacturing tools R M12

D5 Quality control of the flange wheel and iteration D+R M22

Milestones (when appropriate)

Ref. No. | Title - Description Type* | Due Date
M1 Kick of Meeting R MO

M2 Manufacturing of first prototypes HW M20

M3 Integration of flange wheel in air cycle machine and test on the | R M30

specific bench

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

- Extensive experience and strong knowledge on thermoplastic injection moulding (injection process,
design and manufacturing of the moulds, calculation, rheological simulation)

- Strong knowledge on PEEK reinforced with short fibers and its manufacturing by injection moulding.

- Extensive experience and capabilities for characterizations (thickness homogeneity, geometry,
identification of potential defects) by destructive and non-destructive technologies of reinforced
thermoplastics
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Advantageous:
- Facilities for implementing the processes in an industrial scale and ensuring aeronautical
production rates.

5. Abbreviations

ECS Environmental Control System

e-ECS Electrical Environment Control System
ACM Air Cycle Machine

PAEK PolyAryl Ether Ketone

PEEK PolyEther Ether ketone

PEKK PolyEther Ketone Ketone

MoM Minutes of Meeting
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JTI-CS2-2020-CFP11-SYS-02-63: Decentralised HVDC power conversion module for

innovative optimised aircraft electrical network distribution

Type of action (RIA/IA/CSA): IA

Programme Area: SYS

(CS2 JTP 2015) WP Ref.: WP 6.4

Indicative Funding Topic Value (in k€): 750

Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action 30 Indicative Start Date > Q4 2020

(in Months): (at the earliest)®:

Topic Identification Code

Title

JTI-CS2-2020-CFP11-SYS-02-63

Decentralised HVDC power conversion module for
innovative optimised aircraft electrical network distribution

Short description

The purpose of this topic is to develop optimised prototypes in size, weight and cost for HVDC/DC
conversion modules to be included in innovative, decentralized, electrical power distribution network
on future large passenger aircraft. These modules will convert the main HVDC network voltage into
secondary DC and AC voltages to supply dedicated end-users aircraft components or systems. The
required modules will be developed according to the airframer specified modular concept. The modules
will be brought to TRL5 via integration into airframer HVDC network integration bench.

Links to the Clean Sky 2 Programme High-level Objectives®’

This topic is located in the demonstration area:

Electrical systems

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport

type as presented in the scene setter:

Advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

*® The start date corresponds to actual start date with all legal documents in place.
*’Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

The current aircraft distribution systems for power and data on current commercial passenger aircraft
have some drawbacks in terms of weight, cost and manufacturing. A better optimised electrical power
distribution system will rely on the distribution of less number of voltages over the A/C to avoid
multiplication of routes which have a high impact on cost, weight and manufacturing. This implies in
some area to recreate voltages required by some specific equipment, out of a primary distribution
network.

To do so, some specific de-centralized (local) converters will be needed. Depending on the area of the
aircraft, the main voltage can be different which means that several combinations of primary secondary
voltages will have to be considered. In order to reduce this variability, a modular approach will be
targeted.

Main POWER to distribution box

Local conversion board
HVDC=>28VDC
L\ HVDC=>115VAC

v
To end users

The main technical challenge of this call is to design and develop an High Voltage Direct Current
conversion function, in a modular way, to sustain a hot environment with limited cooling capabilities
(only passive).

As these modules may be installed in aircraft cabin, particular attention shall to be given to failure mode
emissions containment.

Due to the high number of modules, it is important that the minimum cost is reached. This multicriteria
approach should lead to an optimum that could become a standard module afterwards.

The developed conversion modules will be integrated in the airframer HVDC network management
ground test demonstrator for TRL5 demonstration.

2. Scope of work

The objective of this topic is to define relevant requirements and to develop 2 prototypes of local
voltage converters in order to achieve a maturity level TRL5, the minimum level of TRL required to start
the project is TRL2.
The voltages conversion to be considered are :

- Prototype 1: HVDC to 28Vdc

- Prototype 2: HVDC to 115Vac
The sizing in current (ie power) will be the consequence of a trade between the available space, the
thermal environment, the cost, and the real need, not known at the moment. It should anyway not
exceed a power of 5kW.
These converters being decentralized in the aircraft, they will be air cooled with non-ventilated ambient
air.
The expected contribution from the applicant consists in:

a. Supporting the requirements definition at equipment level based upon requirements
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provided by the aircraft manufacturer

Make a preliminary study on the feasibility of a modular approach between primary
voltage and secondary voltage and infer the main requirement for each module.

Design of the modules

Design of related models, including a sizing/scaling capability (MBSE approach)

Building & testing prototypes (hardware and software) for concept validation,
operational and performance verification on applicant facilities, interfacing with aircraft
systems models to be provided by the aircraft manufacturer

Support the topic manager during the integration, tests and validation of the
prototypes on the HVDC network integration bench and/or flight tests platform. The
integration phase doesn’t aim to use the prototypes for flight.

The A/C manufacturer will deliver a set of specifications to frame the work.
Non exhaustive list of specifications delivered by aircraft manufacturer:
Required functions

Packaging and interfaces (mechanical, connectors)

cooling conditions

software interfaces

electrical network requirements

The prototypes will be integrated in a Systems ITD integration demonstrator that will encompass a
distribution system based on distribution boxes containing the converters subject of this call.
The main Tasks expected form the applicant will be as follows:

Task 1
o
Task 2
o

Task 3

Task 4

Task 5

Task 6

Task 7
Task 8
Task 9
o
o

Detailed project plan
A detailed project plan, including WBS, scope & schedule shall be established
Definition of requirements of the module
Requirements shall be defined at module level to support A/C and system requirements
provided by the A/C manufacturer. In this phase could be agreed some evolutions of the
A/C and system req. in order to reach better overall system efficiency
Preliminary study for modular concept
Study to define how to implement a modular approach in order to reduce combinatory
of conversion.
Validation & verification plan
For each requirement a proposed means of compliance shall be defined for the
validation & verification process.
Module definition:
System and components concept shall be defined to support the defined requirements
= State of the art and review of available technologies.
= Definition of potential solutions
Module detailed design
Detailed design of elementary bricks. Identification of the best way to generate several
converters with reuse of generic bricks
Manufacturing of the building blocks prototypes
Building of the models that simulate the modules.
Validation and calibration of the building blocks — in supplier facilities
Can be done via testing or simulation
This phase will also encompass the calibration of the models defined in the task above

Task 10 Final prototypes design:
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o Assembly of the building blocks and integration in the final packaging.
e Task 11 Manufacturing of the final prototypes
o Task 12 Testing of the final prototypes — in supplier’s premises
o Models update and validation
e Task 13 Integration and Testing in A/C environment — in A/C Manufacturer facilities
o Delivery of prototypes and support to A/C Manufacturer for the integration and testing
phase. This will be done the ground HVDC network demonstrator.

Tasks
Ref. No. Title - Description Due Date
Task 1 Detailed project plan TO+2M
Task 2 Definition of requirements of the module TO+3M
Task 3 Preliminary study for modular approach TO+5M
Task 4 Validation & verification plan TO+7M
Task 5 Module definition TO+7M
Task 6 Module detailed design TO+10M
Task 7 Manufacturing of the building blocks prototypes TO+15M
Task 8 Building of the models that simulate the modules. TO+15M
Task 9 Validation and calibration of the building blocks — in supplier 10+19M
facilities
Task 10 Final prototype design TO+21M
Task 11 Manufacturing of the final prototype T0+24M
Task 12 Testing of the final prototype — in supplier’s premises TO+26M
Models update
Task 13 Integration and Testing in A/C environment — in A/C Manufacturer TO+30M
facilities

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables
Ref. No. | Title - Description Type* | Due Date
D1 Project plan R TO+2M
D2 System Requirement Document R TO+3M
D3 Report on modular approach and definition of the techno bricks R TO+5M
D4 Validation & Verification Plan R TO+7M
D5 Module Definition Document. Description of the potential R TO+10M
concepts
D6 Validation prototypes HW TO+15M
D7 Models of the modules D TO+15M
D8 Module Validation & verification Report R TO+19M
D9 Full scope verification prototype and associated models HW +D | TO+24M
D10 Full scope System Validation & verification Report R TO+27M
D11 Models of the module with updated parameters D TO+27M
D12 Full scope verification prototype — delivery to A/C manufacturer for | HW TO+27M
testing
D13 Final report R TO+30M
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Milestones (when appropriate)

Ref. No. | Title - Description Type* | Due Date

M1 Preliminary Design Review - System High Level Requirements PDR TO+7M

M2 Design Review - Review of the trade-offs, definition of the system DR TO+19M
architecture to be tested

M3 TRLA R TO+19M

M4 Test Readiness Review TRR TO+23M

M5 TRL5 R TO+27M

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

Long experience and skills in the design and manufacture of electrical conversion systems for the
aerospace industry.

Knowledge and experience of various voltages used on aircrafts and on HVDC design constraints
Capacities to develop both hardware and software including mechanical, racking & cooling
constraints

Experienced in modelling and simulation, MBSE

Working prototypes (even at low maturity level) demonstrated of one or several building blocks of
the targeted system

Advantageous:

Existing experience of natural convection cooling rackable modules

5. Abbreviations
PDR Preliminary Design Review
DR

Design Review
TRR

Technical Readiness Review
HVDC

High DC Voltage (+/- 270V)
A/C

Aircraft
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JTI-CS2-2020-CFP11-SYS-02-64: Human Safe HVDC Interconnection components
Type of action (RIA/IA/CSA): IA
Programme Area: SYS
(CS2 JTP 2015) WP Ref.: WP 6.4
Indicative Funding Topic Value (in k€): 800
Topic Leader: Airbus Type of Agreement: Implementation Agreement
Duration of the action 30 Indicative Start Date > Q4 2020
(in Months): (at the earliest)®:

Topic Identification Code

Title

JTI-CS2-2020-CFP11-SYS-02-64

Human Safe HVDC Interconnection components

Short description

The objective of this topic is to develop innovative wiring sets (cables, contact and connector) based
upon agreed requirements according to dedicated use cases, able to sustain new electrical constraint
appearing with HVDC networks, during installation, operation and maintenance with a particular
attention to human protection against electrical shock in case of cable damages or disconnection of a
powered line. The activities will cover the design, development, prototyping and necessary tests for pre-
qualification of the components. The components will be integrated and tested in HVDC network

demonstrator.

Links to the Clean Sky 2 Programme High-level Objectives

This topic is located in the demonstration area: Electrical Systems

The outcome of the project will mainly contribute to | Advanced Long-range
the following conceptual aircraft/air transport type | Advanced Short/Medium-range
as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

*% The start date corresponds to actual start date with all legal documents in place.

*°For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

Current aircrafts electrical distribution networks embed 28V DC, 115V AC and most recently 230V AC.
Electrical systems equipment are connected to these networks, or interconnected together thanks to
the EWIS (Electrical Wire Interconnection System) Standard Parts, such as cables, contacts and
connectors compatible with those level of voltage.

In the Frame of Clean Sky 2 ITD Systems, several initiatives have been launched to study systems
working under HVDC (High Voltage Direct Current) in WP5 and WP6 in terms of generators, power
management centers and loads, but cable and connection device HVDC compatibility has not been
addressed yet, particularly important for the HVDC demonstration completeness. Interconnection of
HVDC equipment shall be done with HVDC electrical components.

The Airbus Ground test bench PROVEN will be used to provide the HVDC network integration frame, to
test the aircraft HVDC generation, distribution and loads.

With increase of Voltage, it is expected new phenomena to be mastered, leading to new technological
choices in material and building process of the interconnection components.

This will allow further exploitation onto the More Electrical single aisle passenger aircraft.

The framework of this Call for Partner is the ITD Systems WP6.4 “Major loads — Integrated
demonstration and validation”

2. Scope of work

The objective of this Call for Partner is to develop several wiring sets (cables, contact and connector)
based upon agreed requirements according to dedicated use cases, able to sustain new electrical
constraint appearing with HVDC with a particular attention to human protection against electrical shock
in case of cable damages or disconnection of a powered line.

It is expected a cable, connectors and contacts concept to be defined and developed, applied for the
demonstration to a few different gauges and rating sets.

The wiring set shall be designed to cope with HVDC (500V to 1kV), ,flat” or Pulse Width Modulated.

The wiring set shall be designed to comply with passenger aircraft environmental conditions, such as
temperature (-55°C to 200°C), pressure (from 145mbar to 1045mbar), exposed area (water, fluids, dust,
sand, lightning indirect effect) etc.

More details will be provided by the topic manager, through a technical specification, at the beginning
of the project.

Failure, default, degradation predicting system and protection device for standard part components is
foreseen.

The safety device, system, layer or mechanism has to be innovative, compact and lightweight in order to
be integrated in the Standard Parts.

The activities of this Call will cover the design, the development , the prototyping and necessary tests for
pre-qualification of the components. This project is intended to cover maturity progression from existing
TRL3 to targeted TRL5/6. The delivered components will be integrated and tested in HVDC network
demonstrator set-up by Airbus in the frame of the WP 6.4 of the ITD SYS, with the support of the
applicant.

In addition, it shall be considered the manufacturing and provision of a set of cables and connectors to
be used for dedicated use case in flight.

Expected main contributions of the applicant is to:
e Define products (cable, contact, connector) according to the Airbus technical specification.
e Define requirement for a monitoring and failure predicting system (either active or passive
system) to be integrated into components. System shall detect early ageing due to several
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constraints (electrical ageing, (partial discharges, spaces charges, etc.) but also other causes
such as damages caused during installation)

e Manufacture prototypes and test them in applicant’s facility in order to confirm compliance
with requirements and compatibility with cable, contact and connector (TRL4)

e Provide prototypes (cable, contact, connector with integrated safety system) and support
Airbus for integration tests on Airbus demonstrator and validation (PROVEN Airbus ground test
facility) (TRL5)

e Run necessary tests in line with normative references in order to prequalify the products as
preparation of TRL6, at applicant’s facility.

The tasks requested to the applicant(s) are the following ones:

Task 1 Detailed project plan : To create a detailed project plan, including WBS, OBS, scope & schedule
shall be established.

Task 2 Electrical Ageing Synthesis : To provide a synthesis of state of the art about electrical signs of
failure, default, degradation of a component (such as cable, connector and contact) signs and way to
detect them (lesson learnt from TRL <3)

Task 3 Definition of requirements : To elaborate the technical specification of the failure, default,
degradation predicting system; about its integration within the components (cables, contact, connector)
and about integration in a larger monitoring system.

Task 4 Validation & Verification plan : To build a compliance matrix in order to identify means of
verification for all requirements of the electrical components (cable, connector, contact) and the
monitoring & failure predicting system technical specification.

Task 5 Products Design : To design the products (cables, contacts, connectors, and integrated
monitoring and failure predicting system) in order to meet all requirements from the product Airbus
technical specification and all requirements related to protection system described in task 3. They shall
be innovative in their building and/or in the material used and assembled together.

Innovation in the products and the systems compared to common technology shall be highlighted
during design phase.

Task 6 Product concept validation : To assess and validate the products compliance to the
requirements by analysis and/or tests:

a) Requirement compliance validation by analysis

b) Requirement compliance validation by test on prototypes in partner facilities

c) Trade-off and selection of the most appropriate solutions

Task 7 Product integration validation : To refine and verify the final selected products/systems with
integration test on a demonstrator(s).

a) Building prototype for installation integration test

b) Building prototype for integration test on Airbus functional demonstrator “PROVEN”

c) Support Airbus during integration tests
The expected maturity level for the final prototype is TRLS.

Task 8 Product pre-qualification : To prequalify the products by performing standard ageing and
environmental tests plus a set of new tests to be defined specifically for HVDC. Those tests will be ran on
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Partner’s facilities.
The expected maturity level for the final product is TRL6.

Task 9 Final Report: To Formalize all results in the final report.

Tasks

Ref. No. Title - Description Due Date

Task 1 Detailed project plan TO to TO+3 months
Task 2 Electrical Ageing Synthesis TO to TO+3 months
Task 3 Definition of requirements TO + 6 Months
Task 4 Validation & Verification plan TO + 9 Months
Task 5 Products Design TO + 12 Months
Task 6 Product concept validation TO + 19 Months
Task 7 Product integration validation TO + 28 Months
Task 8 Product pre-qualification TO + 28 Months
Task 9 Final Report TO + 30 Months

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables
Ref. No. | Title - Description Type Due Date
D1 Project plan Document | TO + 3 Months
D2 Electrical Ageing Synthesis Document | TO + 6 Months
D3 Integrated monitoring and failure predicting system Document | TO + 6 Months
requirements and technical specification
D4 Compliance matrix. Means of verification and validation | Document | TO + 9 Months
D5 Product definition dossier Document | TO + 12 Months
D6 Prototype for concept validation (TRL4) Prototype TO + 15 Months
D7 Prototypes for integration tests (TRL5) Prototype | TO + 21 Months
D8 Integration tests reports Document | TO + 29 Months
D9 Pre-qualification test plan Document | TO + 13Months
D10 Pre-qualification test report (TRL6) Document | TO + 30 Months
Milestones
Ref. No. | Title - Description Type Due Date
M1 Preliminary Design Review Document | TO +9 Months
Validation of design concept(s). Presentation of first
draft of preliminary qualification test plan.
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Ref. No. | Title - Description Type Due Date
M2 Technical Readiness Review Document | TO + 12 Months

Review of concept proposals; compliance to
Freeze of one or several design concept(s). Go for
prototyping.

Definition dossier available (including PBS and

drawings).

Validation of preliminary qualification tests plan
M3 Prototype for integration test Prototype TO + 20 Months
M4 Integration test report Document | TO + 30 Months
M5 Pre-qualification test Report Document | TO + 30 Months

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:
= Strong experience in Aeronautical electrical connectors and contacts

= Strong experience in electrical component working under at least 500V DC

= High knowledge about HVDC arc phenomena, electrical ageing under HVDC (PWM included) and
mechanical protection for human operators

= High knowledge in early ageing sign detection and preventing method/system (having reached TRL
3)

= Already having a Technology Readiness Level 3 in the interconnection components described in this
topic.

5. Abbreviations

HVDC High Voltage Direct Current (meaning from 500VDC to 1000 VDC; flat or PWM)
EMI Electro Magnetic Interference

PWM Pulse Width Modulation

TRL Technology Readiness level
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JTI-CS2-2020-CFP11-SYS-03-25:

Investigation and modelling of hydrogen effusion in

electrochemically plated ultra-high-strength-steels used for landing gear structures

Type of action (RIA/IA/CSA): RIA

Programme Area: SYS

(CS2 JTP 2015) WP Ref.: WP 100.2

Indicative Funding Topic Value (in k€): 1000

Topic Leader: Liebherr Type of Agreement: Implementation Agreement
Duration of the action 28 Indicative Start Date > Q4 2020

(in Months): (at the earliest)®:

Topic Identification Code Title

JTI-CS2-2020-CFP11-SYS-03-25

Investigation
electrochemically plated ultra-high-strength-steels used for landing
gear structures

and  modelling

of hydrogen effusion in

Short description

The aim of this project is to understand the underlying phenomena and create a verified model of the
influence of undesirable layer structures of electrochemically deposited corrosion protection layers of
ultra-high-strength-steel parts on hydrogen degassing. This shall allow predicting the remaining
hydrogen concentration in steel parts and the probability for hydrogen embrittlement. The industrial
objective is to minimise rework and scrap of ultra-high-strength-steel parts and the related

environmental impacts.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration

area:

Eco Design

The outcome of the project will mainly
contribute to the following conceptual
aircraft/air transport type as presented in the

scene setter:

Advanced Long-range

Advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Ol O X Ol

% The start date corresponds to actual start date with all legal documents in place.
®Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

The use of ultra-high-strength (UHS)-steels for highly stressed parts such as landing gear (see Figure 1)
primary load-path structures contributes to the creation of ever lighter and
therefore more energy-efficient aircraft. Due to its enormously high
strength, with comparably high toughness, UHS-steel is the most resource-
efficient material for achieving a relatively light component that can
withstand the highest loads, such as those that occur during take-off and
landing. By saving weight in the construction and operation of such
components, the environmental balance is improved at the same time.

A disadvantage of UHS-steels, however, is their high susceptibility to
corrosion. For this purpose, the components are provided with an active
corrosion protection which usually consists of a metallic, electrochemically
applied corrosion protection plating.

The advantage of electrochemical application lies in the economic possibility
of being able to apply very thin but highly effective metal layers at
comparably low process temperatures. A disadvantage of electrochemical
plating of UHS-steel, however, is the possibility of hydrogen embrittlement.
This results from the high susceptibility of UHS-steels to atomic hydrogen, Figure 1:

which is always inherent in the electrochemical plating process. Hydrogen A350 Nose Landing Gear
embrittlement can lead to dangerous reductions of the material’s ability to W/th Main Fitting and

. . . . . Sliding Tube made of
withstand the design loads. Landing gear components might fail at hard ;5,7 us

landings or over the life-time. Remaining hydrogen in the steel is therefore o Liebherr Aerospace

posing a safety-threat to aircraft.

The hydrogen hazard potential is effectively countered by specific measures. One measure is the special
process control of the plating processes, as so called “Low Hydrogen Embrittlement processes”,
reducing the quantity of hydrogen in the first place. The other key measure to prevent hydrogen
embrittlement is the subsequent degassing — technique to let the unavoidable hydrogen exit the
material). The plated component is heated for a certain time to expel the hydrogen that was absorbed
during the plating. The plating that has been brought onto the surface during the surface treatment
plays an important role in this diffusion-controlled process of hydrogen effusion.

On the one hand, the diffusion and storage ability for hydrogen of the plating material is important. On
the other hand, the (macroscopic) layer characteristics/layer shape, the so called layer morphology, has
a considerable influence on the degassing capability. The more fissured and globular the layer structure
is, the lower the effusion paths are and the greater the probability that the hydrogen will effuse and can
no longer be harmful to the component (see Figure 2).

The layer morphology produced by electrochemical deposition depends on several factors and can
locally vary greatly. The differences mainly result from local geometric influences, such as a different
applied electric field and different electrolyte flow conditions during plating. Low local current densities,
as well as strong direct electrolyte flow usually lead to a more compact, closed layer, which has a worse
degassing behaviour than a fissured, globular layer. If plating leads to areas with a compact, closed layer
morphology, the parts have to be removed from the production and replated again.

Simply put, whenever an area of the corrosion protection layer does not have the right characteristics,
the required degassing process will likely fail. However there is no way of knowing the real result of the
degassing process.

That is why in those cases, state-of-the-art procedure for the safety critical UHS components is to
completely strip-off the corrosion protection layer and to repeat the galvanic process. In rare events the
entire component will need to be scrapped because of the uncertainty of dangerous hydrogen presence.
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For landing gear parts this implies considerable use of additional energy and chemicals or even the loss
of the very energy intense part (for example: Energy for a 1.5t forging part for a main fitting, machining
of 80% of the material, heat treatments and other processes as well as the coatings that cause the
problem will be lost).

closed layer
H, bad effusion

— semi-open layer

H, medium effusion

UHS - steel

c
open layer
good effusion
H,

Figure 2:Schematic view of the basic relationship between hydrogen effusion (H2) and layer morphology using the
example of a) a closed-, b) a semi-open- and c) an open layer structure.

In order to avoid this material and energy consuming way of dealing with the problem, detailed
knowledge of the correlation between layer structure and degassing is required. The question to be
answered is what degree of layer compactness and what maximum expansion of a compact layer does
impair degassing negatively. Furthermore, it has to be answered with which subsequent measures the
adverse effects on degassing can be eliminated and how exactly they need to be carried out.

Currently, there is little known about the exact behaviour of hydrogen inside the material and in
particular inside different treatment layers. This will require some theoretical and practical basic
research as starting point.

The aim of this Topic is to develop a model to simulate the influence of the layer morphology of
electrochemically produced LHE-ZnNi and LHE-Cd layers on the hydrogen effusion behaviour during
degassing. The model should be able to make reliable predictions in order to be able to minimise
environmentally affecting rework in the future. Therefore the model needs to be verified by relevant
testing. Finally, the result shall be converted into practical guidance to be used during production,
including a method to effectively identify the morphology of the layers.

In addition, this investigation could serve as a starting point for process-specific reduction of the soak
time (degassing time) of the resource-intensive degassing step. For this purpose, discussion with
standardisation bodies is planned to be initiated. For reasons of clarity, it is not the objective to find
measures to avoid or reduce incorrect layers, but to deal with their impact when they occur.

2. Scope of work
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The following tasks are envisaged:

Tasks
Ref. No. | Title - Description Due Date
Task 1 Define the necessary investigations for the creation of a realistic computer- | TO+7
based simulation model and produce the corresponding test specimens.
Task 2 Conduct tests to develop and validate a computer-based simulation model | TO+15
for description of the hydrogen effusion characteristics of compact,
electrochemically generated layer morphologies.

Task 3 Check the material dependency of the computer-based simulation model TO+20
with further base materials and make adjustments to the model if
necessary.

Task 4 Bring the results of the computer-based simulation model to application TO+28
maturity.

Task 1 — Define the necessary investigations for the creation of a realistic computer-based simulation
model and produce the corresponding test specimens.

At the beginning of the project, the Topic Manager (TM) will share with the applicant detailed
information regarding to the plating processes and the degassing procedure, to support the definition of
the requirement for the tests, which will support the investigations that the applicant has planned to
create the model.

Several layer base material combinations shall be investigated. The plating systems to be studied are
electrochemically deposited LHE-Zinc-Nickel and LHE-Cadmium. The corresponding base materials to be
plated are to be agreed between TM and applicant. A selection of materials most used by the TM is
given in the table below (order of relevance for the products). Equivalent materials deviating from the
table can be used alternatively after consultation between TM and applicant. A minimum of four
different base-materials shall be investigated in total.

Materials proposed for Plating processes for
investigation inwestigation
= 300M » |HE-Zinc-Mickel
» Custom 465 * |HE-Cadmium
= E35MNCDO1EH
= SAF 4340
= PH13-8Mo
= EZINKD1E

The electrolyte solutions for plating the test specimens are provided by the TM. The plating will be
carried out by the applicant in close coordination with the TM. The material required for the test
specimens can also be provided by the TM, but only to a limited extend. The procurement of the
material by the applicant is therefore preferred.

The investigations to obtain the necessary data for the computer-based material simulation model must
be defined. It must be ensured that all necessary parameters, such as hydrogen trapping effects,
permeation- and desorption characteristics, are collected so that the computer-based simulation model
to be created is able to fully answer the questions posed in Task 2.

Before any investigation, the electrochemically generated layers on the respective materials must be
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examined and characterized with regard to their different possible layer morphologies. TM and
applicant have to define together with which layer morphologies the development will be carried out.

Task 2 — Develop and validate a computer-based simulation model to describe the hydrogen effusion
characteristics of compact, electrochemically generated layer morphologies.

On the basis of one material agreed between TM and applicant, the study concept from Task 1 is to be
tested with both plating systems. The tests and examinations to be carried out have to be optimized and
any necessary changes to the concept shall be identified for further improvement.

The conducted tests shall lead to a realistic computer-based material simulation model with which it will
be possible to avoid resource-intensive rework due to compact layer structures.

Key aspects shall be investigated as layer characteristics in order to avoid a negative effect on hydrogen
degassing, measures to be taken (after the plating deposition) to eliminate the adverse effects of
compact layers on degassing.

The application may identify further questions/factors that need to be investigated according its
knowledge and expertise.

The basis for the standard degassing parameters as reference point is the international standard SAE
AMS 2759/9.

The computer-based simulation model must match reality. Appropriate evidence of the validity of the
model must be provided.

Task 3 — Check the material dependency of the computer-based simulation model with further base
materials and make adjustments to the model if necessary.

The hydrogen effusion characteristics of compact, electrochemically generated layers will be
investigated on further materials agreed between TM and applicant and compared with the computer-
based material simulation model developed and validated in Task 2. Here it shall be shown whether
there is a base metal influence/bias on the degassing characteristics of different layer morphologies.

All tests and examinations shall be conducted on a minimum of further three materials in combination
with both layer systems.

If a material dependency exists which is not described by the developed computer-based simulation
model from Task 2, the simulation model has to be adapted, or a further model has to be developed.
The computer-based simulation model (or models, if necessary) must be able to represent realistically
all combinations of layer systems and base materials.

Task 4 — Bring the results of the computer-based simulation model to application maturity.

The aim is to create simple rules / formulas for the handling of compact layer morphologies of
electrochemically plated UHS-steels during serial manufacturing. These simple rules / formulas must
provide clear criteria in which cases a compact layer impair with standard degassing or not.
Furthermore, these simple rules / formulas must give clear instructions on how a reduced degassing
effect can be negated afterwards, e.g. by extending the soak time depending on the area expansion of
the compact layer. The rules / formulas must be suitable for standardization with the TM’s organisation.
To enable the practical application of the rules / formulas, in addition, a reliable method for the
characterization of electrochemically generated layer structures shall be developed.

The method must be suitable to be applied on large plated components in the production environment,
even at curved surfaces including inner diameters. The execution of the method must be suitable to be
carried out by ordinary operating personnel.

The TM is open to any practical solution proposed by the applicant, ranging from improved state-of-the-
art to new matured concepts. Even if independent in principle, the TM expects important synergies of
tests for this development with the model verification tests.
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The Topic Manager is considering the possibility to share the results with international standardisation-
bodies in order to optimise degassing processes for the entire industry. E.g. in case of sufficient
evidence, the duration of heating (currently up to 23 hours at about 190 °C acc. to AMS2759/9) could be
reduced, leading to a global decrease in energy consumption. Therefore, application’s experience with
standardisation and its possible collaboration is highly welcomed.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. | Title - Description Type* | Due Date

D1 Definition of required examinations and test specimens. (Task 1) R TO+2

D2 Results of completed investigations acc. Task 2. R TO+11

D3 Computer-based model to simulate the effusion of hydrogen D TO+13
depending on characteristics of corrosion protection layers (Task 2)

D4 Results of investigations with further UHS-steel base materials acc. R TO+19
Task 3.

D5 Practical rules/formulas derived from the computer-based material R TO+22
simulation model to be applied in a production environment (Task 4)

D6 Description of an operational measuring method for the R TO+24
characterization of layer morphologies on large parts. (Task 4)

D7 Description of verified method(s) to characterise the protection R TO+25
layers on large parts in serial production (Task 4)

Milestones
Ref. No. | Title — Description Type* Due
Date**

M1 All required test specimens manufactured. (Task 1) HW TO+7
Note: Excluding the electrochemical plating.

M2 Conformity of the computer-based model with reality is validated. R TO+15
(Task 2) (Review)

M3 Investigation results from further base materials (Task 3) matchthe | R TO+20
validated computer-based simulation model (Review).

M4 Derived rules / formulas for standardization of TM’s processes are R TO+27
considered mature for implementation (Task 4 (Review))

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential

= Strong knowledge and experience in the development of computer-based material simulation

models.

= Strong materials science knowledge of ultra-high-strength steel in connection with hydrogen
embrittlement.
= Knowledge about electrochemical plating and hydrogen kinetics.
=  Capabilities required to perform the study:
o Optical microscope, SEM-EDX, FIB and any other plating structure analysis methods that will
be relevant to characterise layer morphologies
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o Laboratory for metallographic preparation

o Hydrogen analysis equipment, such as melt extraction, TD-MS, or permeation cell, which is
necessary to generate the required data to create and validate the simulation model

o Hardware and associated software for the development of complex computer-based
material simulation models

o Laboratory or facility for electrochemical plating of the test specimens

Advantageous:

o Facilities for the production of the test specimens made of ultra-high-strength steels
o Eco design approach

5. Abbreviations

AMS Aerospace Material Specifications

FIB Focused lon Beam

LHE low hydrogen embrittlement

SAE Society of Automotive Engineers

SEM-EDX Scanning Electron Microscope with Energy Dispersive X-Ray
TD-MS Thermal Desorption with Mass Spectrometry

UHS Ultra-high-strength
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JTI-CS2-2020-CFP11-SYS-03-26: Replacement of cobalt in Environmental Control System

bleed valves

Type of action (RIA/IA/CSA): IA

Programme Area: SYS

(CS2 JTP 2015) WP Ref.: WP 100.2

Indicative Funding Topic Value (in k€): 750

Topic Leader: Liebherr Toulouse Type of Agreement: Implementation Agreement
Duration of the action | 24 Indicative Start Date | > Q4 2020

(in Months): (at the earliest)®:

Topic Identification Code

Title

JTI-CS2-2020-CFP11-SYS-03-26

Replacement of cobalt in Environmental Control System bleed valves

Short description

The project aims to study new nickel self-fluxing alloys and their elaboration routes for the bleed valves
butterfly in replacement of cobalt alloy. This project will help to overcome health potential issues
regarding wear particles of cobalt alloys in cabin air, but also the need of a higher wear resistant sealing
rings and leakage free valve in new hotter and more pressurized bleed air for the future engines and the
future less bleed Environmental Control Systems.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area:

Eco-design

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport

type as presented in the scene setter:

Advanced Short/Medium-range

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X Cd Cd X Cd

®2 The start date corresponds to actual start date with all legal documents in place.
Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

The future UHBR engine will provide hotter and higher pressure air flow to the bleed valves (shown in
blue). The internal parts directly exposed to this flow will have to sustain higher temperatures. This
project addresses a challenge linked to the future UHBR engines and is foreseen in the Eco-Design
demonstration area.

Bleed valves

High temperature butterfly valves have to ensure a limited internal leakage in order to avoid pressure
build-up in the bleed pipes. To compensate this pressure build-up, pressure relief holes are sometimes
necessary in the bleed pipes. The Topic Manager currently uses cobalt alloy like stellite 6 for the
manufacturing of the butterfly sealing rings that slide against a hard chromium coating or a tungsten
carbide-cobalt coating.

High temperature wear of sealing under complex thermomechanical stresses leads to bleed valve
internal leakage increase: in fact, thermal gradients and pressure leads to the loss of cylindrical shape of
the valve body as shown in the figure below.

These phenomena lead to 3 wear areas presented on the three micrographs below:
- Zone 1: sealing rings wear against the valve body
- Zone 2: sealing rings wear against the machined groove of the butterfly
- Zone 3: sealing rings wear against the corrugated stiffener
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Corrugated =
stiffner

Sealing rings

- Butterfly

Out of shape :
valve body

Within the scope of a Less Bleed ECS, the suppression of these pressure relief holes is foreseen in order
to limit bleed flow taken on the engine. The limitation of leakage and the suppression of pressure relief
holes per valve will result in a reduction of fuel consumption of about 1.8 kg/h for small-medium range
aircraft as a benefit of the project. In this context, the applicants will have to develop an innovative new
solution to ensure very low leakage under high pressure delta and high temperatures.

Moreover, the Topic Manager would like to avoid cobalt oxidized wear particles in the air flow to the
cabin in order to increase the cabin air quality. The presence of wear particles of cobalt alloys in cabin
air could represent health issues with carcinogenic risks.

For high temperature wear resistant applications, cobalt alloys are presented as a conventional solution,
but the Topic Manager would like to study a category of nickel alloys like NiCrFeSiB Self-Fluxing alloys
that exhibit excellent corrosion, and are reported to be wear-resistance up to 6002C. They also
demonstrate an excellent oxidation resistance up to melting range, and satisfactory resistance to some
organic acids.

From manufacturing point of view, these alloys could be machined and they have a wide melting range
allowing them especially to be manufactured by casting or by powder welding processes like cladding or
direct metal deposition. In that case, the literature results revealed that the laser power had a
considerable influence on the wear resistance of NiCrSiFeB coatings.

To reach this objective the main scientific aspects to study are:
- Parametrical study of elaboration process by casting and direct metal deposition
- Tribological characterization under complex thermomechanical loads : determination of wear
rate and wear particles characterization (shapes, sizes and composition) in order to provide data
for a toxicity analysis
This project will help the Topic manager to anticipate future regulation law concerning cabin air quality,
justifying the need for a life cycle analysis of the foreseen solution.
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2. Scope of work

The project is divided in different tasks that will help to reach this objective.

Tasks

Ref. No. | Title - Description Due Date
Task 1 Definition of the requirements TO+3
Task 2 Processes study TO+18
Task 3 Metallurgical and Tribological Characterization TO+20
Task 4 Life cycle analysis and Toxicity Characterization TO+24
Task 5 Selection for Demonstration TO+24

Task 1: Definition of the requirements
At the beginning of the project, the Topic manager will define the following requirements:

- Detailed application and thermomechanical behaviour of the sealing rings; data on existing
solutions and their limits will be provided : materials and coating solutions, design data

o The current solution is based on two juxtaposed sealing rings made by centrifugal
casting in stelitte 6. They are placed in a machined groove in the valve butterfly and a
corrugated stiffener is placed under the sealing rings to help them to stay in contact
with the valve body. The internal area of the valve body is coated with hard chromium
or tungsten carbide cobalt.

- max temperature and temperature pattern foreseen for the bleed valves in the future engines
like UHBR

Based on these data, the applicant will define in collaboration with the Topic Manager the two or three
best grades and composition of self-fluxing nickel alloys.

Task 2: Processes study
Potential materials are mainly available for thermal spraying. To have a competitive product, the
manufacturing process should avoid metal scrapping and intensive machining.
The partners will have to study elaboration of cylinders with the two or three selected materials by:

- Centrifugal casting.

- Direct Metal Deposition
Different samples will be realized: cylinders and tubes. The cylinders will have the same diameter of 4
inches as the final sealing rings. Machinability or capacity to be grinded will be evaluated. The various
samples for Task 3 will be realized by the applicants at the end of this Task.

Task 3: Metallurgical and tribological characterization

The microstructure and hot hardness will have to be checked and compared to the current solution of
stellite 6 made by centrifugal casting. This task will support the process development of task 2 in order
to reach TRL5. Based on the hardness and microstructure quality, the applicant will select 3 or 4
solutions to be tested on tribometers. A solution is defined by one material composition associated to
one consolidation process. 2 or 3 samples of each solution will be tested.

Tribological tests of reciprocating sliding under high temperature (650°C) will be performed by the
applicants and the solution will be compared with stelitte 6 samples provided by the Topic Manager.
Tribological properties will be jointly characterized and analysed with the Topic Manager.

Optimization loop will be necessary between Task 2 and Task 3 to select the best wear resistant
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Task 4: Life cycle analysis and preliminary toxicity characterization

The applicants shall perform a comparative life cycle analysis between centrifugal casting and direct
metal deposition for tubes elaboration with self-fluxing nickel alloys and centrifugal casting of current
stellite 6. The objective is to select the process that presents the less impacts.

The wear particles obtained during wear tests in task 3 will be analysed in terms of size, shape,
composition and mass for the two of three tested solution. These data will be used to propose a first
analysis of the toxicity of wear particles of new nickel alloys compared to current cobalt alloy.

Task 5: Selection for demonstrator

Based on the best results of each previous task the applicants will realize 4 sealing rings for assembly in
a bleed valve demonstrator that will be submitted to an endurance test. The Topic Manager will provide
all parts of the valve (except for the sealing rings), will assemble the complete valve and will perform the
valve endurance test. The Topic Manager will be in charge of the endurance test. After the test, the
worn sealing rings will be analysed by the applicants. The success of this endurance test will ensure a
TRL5 for the Topic Manager.

3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. | Title - Description Type* | Due Date

D1 Sealing rings specification and detailed state of the art on the best R TO+3
adapted nickel self-fluxing alloys

D2.1 Centrifugal casting study synthesis R TO+18

D2.2 Direct Metal Deposition by laser cladding study synthesis R TO+18

D3 Samples tests report : hot hardness, tribo tests and wear analysis R TO+20

D4.1 Comparative Life Cycle Analysis of Self-Fluxing nickel alloys obtained | R TO+24
by centrifugal casting and by Direct Metal Deposition

D4.2 Preliminary analysis of wear particles toxicity R TO+24

D5 Report of sealing rings behaviour after valve endurance test R TO+24

Milestones (when appropriate)

Ref. No. | Title - Description Type* | Due Date

M1 Material selected and agreed with TM for process study R TO+3

M2 Samples for machining study, for metallographic and tribological H TO+14
tests

M3 Process parameters available and selected based on wear R TO+20
resistance, on environmental and on health impacts

M4 New sealing rings in nickel self-fluxing alloys available for bleed valve | H TO+20
endurance test and characterized

M5 Valve Endurance test realized by the Topic Manager R TO+22

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:
e Centrifugal casting capabilities
e Llaser cladding or Direct Metal Deposition Skills and capabilities
e Metallurgical skills, with dedicated capabilities : SEM/EDX, thermogravimetric analysis, hot
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hardness measurement capabilities
e Tribological test benches with high temperature tests capabilities, wear analysis skills
e Process life cycle analysis
e Toxicology analysis of wear particles skills and capabilities

Advantageous:
e Machining and grinding capabilities
e Eco design approach

5. Abbreviations

SEM/EDX Scanning Electron Microscopy/Energy Dispersive X-ray
UHBR Ultra High By pass Ratio
ECS Environmental Control System
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8. Clean Sky 2 — Technology Evaluator

I. JTI-CS2-2020-CfP11-TE2-01-12: Airport level assessments for fixed wing aircraft

Type of action (RIA/IA/CSA): RIA

Programme Area: TE

(CS2 JTP 2015) WP Ref.: WP 4

Indicative Funding Topic Value (in k€): 500

Topic Leader: DLR Type of Agreement: Implementation Agreement
Duration of the action (in | 30 Indicative Start Date (at | > Q4 2020

Months): the earliest)®:

Topic Identification Code Title

JTI-CS2-2020-CfP11-TE2-01-12 Airport level assessments for fixed wing aircraft

Short description

This topic consists of performing airport level assessments. These comprise the simulation of airport air
traffic applying operational fleet traffic procedures for a set of selected airports and the related
guantification of noise & emissions benefits through Clean Sky 2 technology aircraft.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area:

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport
type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X O Cd

® The start date corresponds to actual start date with all legal documents in place.

Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Background

Cross-positioned within the Clean Sky 2 Programme, the Technology Evaluator (TE) is a dedicated
evaluation platform. It has the key role of assessing the environmental impact of the technologies
developed in Clean Sky 2 and their level of success towards well-defined environmental (noise, CO,,
NO,) and societal benefits and targets.
These technologies are developed by the IADPs (Innovative Aircraft Demonstrator Platforms) and ITDs
(Integrated Technology Demonstrator projects) and clustered in coherent and mutually compatible
solution sets, defining concept aircrafts. TE will conduct assessments on the various concept aircrafts at
three levels:
e Aircraft level
A Clean Sky 2 concept aircraft and its reference technology aircraft® is compared along the same
trajectory in order to determine the environmental benefit of the Clean Sky 2 technologies, namely
noise on ground and emissions (CO, and NOy).
e Airport level
A Clean Sky 2 concept aircraft replaces its reference technology counterpart at different time scales
up to 2050 for selected airport traffic scenarios. The purpose of this replacement approach is to
evaluate the full potential of environmental benefits of Clean Sky 2 technologies to an airport area,
namely noise on the ground and population impacted by certain noise levels and emissions (CO, and
NO,).
e Air transport system (ATS) level
Similarly to airport level, a Clean Sky 2 concept aircraft replaces its reference technology
counterpart at different time scales up to 2050 for airport traffic scenarios. However, in this case the
impact is measured at European level.

Within the perimeter of this call the Partner shall perform airport level assessments (TE Work package 4)
for aircraft applications based on scenarios defined by the Topic Manager.

TE work packages:

WPO TE Management

WP1 TE scope and setup

WP2 TE interfacing with IADP/ITDs and TAs
WP3 TE integration on Mission level

WP4 TE airport impact assessment
WP5 TE ATS impact assessment
WP6 TE Information System

WP7 TE Dissemination

2. Scope of work

The project will build and extend on a previous aircraft airport assessment project that has been
performed for the 1* TE assessment. In this context updated Concept aircraft models with a more
mature set of technologies will be provided by the Topic Manager, in agreement with the relevant Clean
Sky 2 Members for:

% The reference technology aircraft is the current state-of-the-art in 2014.
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e lLong range aircraft and their reference
e Short and Medium Range aircraft and their reference
e Regional aircraft and their reference

The aim is to perform environmental (noise, emissions) impact assessments for different traffic and
fleet mixes at airports showing the benefit of Clean Sky 2 technologies. Assessments will be carried out
for the following airports: Amsterdam, Rome, Stockholm, Hamburg and Toulouse. The main milestone
will be the contribution to the 2nd TE assessment in 2023. In extension to the CfP0O5 project additional
metrics will be applied (e.g. noise energy, local air quality, third party risk). The project eventually
guantifies airport related impacts based on new forecasts and scenarios.

The airport impact assessments comprise:

Environmental and other impact, including

e Noise on the ground and population impacted by certain noise levels. Metrics should comprise
Lden/Lnight as well as metrics related to sleep disturbance and annoyance.

e Emissions (CO, and NO,)

e A new type of environmental indicator (e.g. NAX® or a Noise energy based metric) will be
included.

e Analysis and quantification of the impact of individual risk and of risk to groups of people on
ground in the vicinity of the airport, i.e. analysis of current and future safety standards
measured through the probability of fatal accidents.

e Contribution to local air quality

All airport level assessments are carried out in the frame of TE WP4 for aircraft traffic at and around
airports (tablel and 2).

Airport level assessments address the air traffic movements from aircraft at and around airports,
including local airspace (e.g., control zones and terminal manoeuvring areas). Within a given airport
fleet the Clean Sky 2 concept aircrafts environmental impact is assessed covering a range of air traffic
from regional, short/medium range and long range aircraft. After insertion of Clean Sky 2 concept
aircrafts in a number of airport fleets according to flight schedules provided by the topic manager, the
assessments will quantify the Clean Sky 2 benefits in terms of environmental impacts (noise, emissions)
but also including capacity and time efficiency where relevant.

In summary the work will cover:
1) modelling a set of airports (see below): these will include the same as for 1* CS2 TE assessment
2) simulation of airport aircraft traffic scenarios with adequate tools
3) quantification of Clean Sky 2 environmental benefits

Table 1 lists the tasks to be performed:

Tasks
Ref. No. | Title - Description Due Date
WP 4.1 | Set of representative airports and traffic Scenarios TO+15

" The set of representative airports will be the same as for the 1* CS2 TE
assessments and cover all airport types from regional to hubs. The airports

67 . . . . . . .
Number of noise events above a certain noise level during a given time period.
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Tasks
Ref. No. | Title - Description Due Date
to be assessed will be the following: Amsterdam, Rome, Stockholm,
Hamburg and Toulouse.
®  Ageneric airport (CAEP-port) for local air quality assessment will be used.
®  The topic manager will provide the partner with flight schedules for the
selected airports. Based on flight schedules provided by the topic
manager airport aircraft fast time traffic simulation for the selected
airports in WP4.1 will be done: the simulations will use real flight
procedures at these airports, i.e. movements are conflict free, in particular
in the sense that (horizontal and vertical) separation requirements
between aircraft are respected.
WP 4.3 | Airport assessments (aircraft traffic) TO+28
®  Based on the fast time traffic simulations quantification of noise and
emission environmental benefits for the selected airports in WP4.1 will be
done.
®  Higher aggregated noise footprint calculations covering all major European
airports (about 50) will be done making use of statistical runway usage data
for these airports.
3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware
Deliverables
Ref. No. | Title — Description Type* Due Date
D1 Dissemination and Communication Plan R 6
D2 Scenarios definition and FTS reports R 15
D3 guantification of the Clean Sky 2 environmental benefits for: R TO+24
®  Noise and emissions for the selected airports with fast time traffic
simulation (see WP4.1)
®  Noise covering all major European airports at higher aggregated
level (see WP4.3)
D4 dissemination/communication of results R T0+30
Milestones (when appropriate)
Ref. No. Title - Description Type* Due Date
M1 Finalisation of Fast Time Simulation TO+14
M2 TE assessment R TO+24

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

= Profound knowledge and expertise and experience in the application of Fast-Time simulation tools
for airport air traffic optimization used in the context of Departure and Approach simulations as well
as Airport Ground Movements studies
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= Profound knowledge and expertise and experience in noise and emissions calculations in the wide
vicinity of airports

= Profound knowledge in aircraft noise and emissions modelling, airport categorizations and
operational scenario modelling for aircraft fleet applications at large (and complex) airports,
including TMA operations

=  Profound knowledge in simulation platforms to perform integrated airport impact assessments (e.g.
trade-off studies and optimization) in an integrated way and at different levels of detail (e.g. ranging
from key performance indicators to detailed impact results)

= Profound knowledge and expertise in aviation safety, and third party risk modelling and analysis

=  Capable of building on both methodology and results from 1st CS2 TE assessment

Advantageous:

= Extensive expertise and experience in the definition of future airport aircraft traffic (development)
scenarios

= Extensive expertise and experience in the application of airport noise modelling tools - compliant
with the best practice modelling guidance provided by both ECAC Doc.29 4th Edition and ICAO
Document 9911 — including the simulation of noise exposure to populations around given airports
Extensive expertise and experience in the modelling and simulation of noise for assessing noise
experience (including capability enabling the experience of noise of aircraft flyovers in virtual reality
environment).
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Il. JTI-CS2-2020-CfP11-TE2-01-13: Airport and ATS Level Assessment for Rotorcraft

Type of action (RIA/IA/CSA): RIA

Programme Area: TE

(CS2 JTP 2015) WP Ref.: WP 4

Indicative Funding Topic Value (in k€): 500

Topic Leader: DLR Type of Agreement: Implementation Agreement
Duration of the action (in | 30 Indicative Start Date (at | > Q4 2020

Months): the earliest)®:

Topic Identification Code

Title

JTI-CS2-2020-CfP11-TE2-01-13

Airport and ATS Level Assessment for Rotorcraft

Short description

This topic consists of performing airport level assessments. These comprise the simulation of airport air
traffic applying operational fleet traffic procedures for a set of selected airports and the related
guantification of noise & emissions benefits through Clean Sky 2 technology aircraft.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area:

type as presented in the scene setter:

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X O X

® The start date corresponds to actual start date with all legal documents in place.
®For further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

Cross-positioned within the Clean Sky 2 Programme, the Technology Evaluator (TE) is a dedicated
evaluation platform. It has the key role of assessing the environmental impact of the technologies
developed in Clean Sky 2 and their level of success towards well-defined environmental (noise, CO,,
NO,) and societal benefits and targets.
These technologies are developed by the IADPs (Innovative Aircraft Demonstrator Platforms) and ITDs
(Integrated Technology Demonstrator projects) and clustered in coherent and mutually compatible
solution sets, defining concept vehicles. In the context of this call TE will conduct assessments on Fast
rotorcraft configurations at three levels:
e Rotorcraft level
A Clean Sky 2 concept rotorcraft and its reference technology aircraft’® is compared along the same
trajectory in order to determine the environmental benefit of the Clean Sky 2 technologies, namely
noise on ground and emissions (CO, and NOy).
e Heliport/city location level
A Clean Sky 2 concept rotorcraft replaces its reference technology counterpart at time scales up to
2050 for heliport/city location traffic scenarios. The purpose of this replacement approach is to
evaluate the full potential of environmental benefits of Clean Sky 2 technologies at a heliport/city
location, namely noise on the ground and population impacted by certain noise levels and emissions
(CO, and NO,).
e Air transport system (ATS) level
Similarly to heliport/city location level, a Clean Sky 2 concept rotorcraft replaces its reference
technology counterpart at different time scales up to 2050 but then for rotorcraft traffic fleet
scenarios at European and/or worldwide level.

Within the perimeter of this call the Partner shall perform heliport/city location (TE Work Package 4)
and ATS (TE Work Package 5) assessments for Fast rotorcraft applications. Traffic scenarios will be

discussed with the Topic Manager and the relevant Clean Sky 2 Members.

TE work packages:

WPO TE Management

WP1 TE scope and setup

WP2 TE interfacing with IADP/ITDs and TAs
WP3 TE integration on Mission level

WP4 TE airport impact assessment
WP5 TE ATS impact assessment
WP6 TE Information System

WP7 TE Dissemination

2. Scope of work

The project will build and extend on the previous rotorcraft heliport and fleet assessment project that
has been performed for the 1st TE assessment. In this context updated Concept rotorcraft models/data
packs with a more mature set of technologies will be provided by the Topic Manager, in agreement with

7% The reference technology aircraft is the current state-of-the-art in 2014.
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the relevant Clean Sky 2 Members for fast rotorcraft configurations:

- Tiltrotor and its reference

- Compound helicopter and its reference

As the above Fast rotorcraft configurations have low pax capacities, the Partner will be required to carry

out the following additional assessments:

- Modelling (existence of adequate tools assumed) of advanced fast compound configurations for
higher passenger capacities (50 to 70 pax), longer range and higher speeds. Configurations may also
include elements of hybrid electric concepts for propulsion.

Regarding the rotorcraft mission types, this includes the modelling of:
- Passenger transport

- Emergency and medical services (EMS)

- Search and rescue (S&R)

- Oil and gas (0&G)

The aim is to perform environmental (noise, emissions) impact assessments for different traffic and
rotorcraft fleet mixes at heliports/city locations showing the benefit of Clean Sky 2 technologies.
Mobility/Connectivity through the usage of faster helicopters will be assessed at fleet level (e.g. hub
feeder scenarios, combination ground and rotorcraft transport for remote regions, passenger transport
to oil platforms). Assessments will be carried out for heliport/city location traffic scenarios for the
above mentioned types of missions. The main milestone will be the contribution to the 2nd TE
assessment in 2023. In extension to the CfP 05 project the partner will additionally model an advanced
high passenger fast compound configuration. Mobility/connectivity will be addressed at worldwide
level and not only for Europe. The project eventually quantifies airport related impacts based on new
forecasts and scenarios.

The heliport/city location impact assessments comprise:
Environmental impact, including:

- noise on the ground and population impacted by certain noise levels
- emissions (CO, and NO,)

The Air Transport System (ATS) impact assessments comprise:
Environmental impact, including:

- noise on the ground and population impacted by certain noise levels
- emissions (CO, and NO,)

Mobility impact, namely:
- connectivity (e.g. reduction in travel time)
- productivity improvements (e.g. reduction of man hours in flight)

All rotorcraft assessments are carried out in the frame of WP4 for rotorcraft traffic at heliport/city
locations level and in the frame of WP5 for rotorcraft traffic in world regions (See table 1 and 2).

Tablel lists the tasks to be performed:

Table 1 lists the tasks to be performed:

Tasks

Ref. No. | Title - Description Due Date
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Tasks
Ref. No. | Title - Description Due Date
WP 4.2 | Heliport/city location assessments TO+12
®  The Partner will in discussion with the Topic Manager and the relevant
Clean Sky 2 Members select relevant heliports/city locations and define
traffic schedules to carry out environmental impact assessments for noise
and emissions.
®  Rotorcraft mission types to be addressed will be:
- Passenger transport
- Emergency and medical services (EMS)
- Search and rescue (S&R)
- QOil and gas (0&G)
Included will be the modelling of advanced Fast compound configurations for
higher passenger capacities (50 to 70 pax), longer range and higher speeds.
Configurations may also include elements of hybrid electric concepts for
propulsion.
WP 5.3 | ATS assessments T0+24
®  The Partner will in discussion with the Topic Manager and the relevant
Clean Sky 2 Members use specified use cases for fleet traffic scenarios and
flight schedules for selected world regions and carry out environmental
and mobility/connectivity/productivity impact assessments
®  Rotorcraft mission types to be addressed will be:
- Passenger transport
- Oil and gas (0&G)
- Emergency and medical services (EMS)
- Search and rescue (S&R)
Included will be the modelling of advanced Fast compound configurations for
higher passenger capacities (50 to 70 pax), longer range and higher speeds.
Configurations may also include elements of hybrid electric concepts for
propulsion.
3. Major Deliverables/ Milestones and schedule (estimate)
*Type: R=Report, D=Data, HW=Hardware
Deliverables
Ref. No. | Title — Description Type* | Due Date
D1 Communication dissemination & Exploitation plan R TO+6
D2 Generation of fast rotorcraft traffic scenarios for heliport/city location | R TO+12
level for all mission types (see above WP4.2) and related noise &
emission assessments.
D3 Development of a 50-70 pax capacity fast compound rotorcraft | R TO+15
architecture that can be ‘virtually’ flown on multiple, realistic, 4D
mission scenarios.
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Deliverables

Ref. No. | Title — Description Type* | Due Date

D4 Generation of traffic scenarios for heliport/city location level for all | R TO+20
mission types for the larger capacity compound rotorcraft (see above
WP4.2) and related noise & emission assessments.

D5 Generation of fast rotorcraft traffic scenarios (includes larger capacity | R TO+28
compound rotorcraft) at ATS level and related noise, emissions and

Milestones (when appropriate)

Ref. No. Title - Description Type* | Due Date
M1 Large Compound helicopter model completed R TO+15
M2 TE assessment R TO+28

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essential:

e Demonstrated expertise in the development and application of rotorcraft modelling and
performance simulation tools.

e Demonstrated expertise in the development of comprehensive, highly integrated, multi-disciplinary
simulation frameworks for rotorcraft assessment which should include among others; non-linear
structural dynamics, 3D rotor dynamics, unsteady non-linear wake and blade aerodynamics,
aeroelasticity, flight dynamics (trim, stability and control), real time flight simulation, power plant
performance, gaseous emissions, models for noise generation and propagation to the ground, 4D
trajectory analysis, rotorcraft sub-systems.

e Demonstrated expertise in the development of hybrid-electric and turbo-electric propulsion
concepts.

e Demonstrated expertise in the modelling of different rotorcraft architectures e.g. conventional
helicopters, tilt-rotors, compound with propellers/ducted fans, co-axial, co-axial/pusher
configurations.

e Capable of building on both methodology and results from 1° CS2 TE assessment

Advantageous:

e Profound knowledge in operational scenario modelling for rotorcraft fleet applications at airport
level and world regions for all mission types.

e Established track record including: expert team, international research caliber, working with
industry and previous participation in large EU programmes, ability to manage large work packages
at EU level.
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. JTI-CS2-2020-CfP11-TE2-01-14: Reduction of the environmental impact of aviation via

optimisation of aircraft size/range and flight network

Type of action (RIA/IA/CSA): RIA

Programme Area: TE

(CS2 JTP 2015) WP Ref.: WP 4

Indicative Funding Topic Value (in k€): 500

Topic Leader: DLR Type of Agreement: Implementation Agreement
Duration of the action (in | 30 Indicative Start Date (at | > Q4 2020

Months): the earliest)’":

Topic Identification Code

Title

JTI-CS2-2020-CfP11-TE2-01-14

Reduction of the environmental impact of aviation via
optimisation of aircraft size/range and flight network

Short description

The study should investigate — based on a historical data from 2000 and 2014 plus demand forecast for
the time until 2050 - emission and noise reduction potentials of an optimised combination of aircraft
size/range and flight network — and identify potential impacts on stakeholders plus demand.

Links to the Clean Sky 2 Programme High-level Objectives’”

This topic is located in the demonstration area:

The outcome of the project will mainly contribute
to the following conceptual aircraft/air transport
type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X ] Ol

" The start date corresponds to actual start date with all legal documents in place.
"Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and

EC Participant Portal.
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1. Background

Cross-positioned within the Clean Sky 2 Programme, the Technology Evaluator (TE) is a dedicated
evaluation platform. It has the key role of assessing the environmental impact of the technologies
developed in Clean Sky 2 and their level of success towards well-defined environmental (noise, CO,,
NO,) and societal benefits and targets.
These technologies are developed by the IADPs (Innovative Aircraft Demonstrator Platforms) and ITDs
(Integrated Technology Demonstrator projects) and clustered in coherent and mutually compatible
solution sets, defining concept aircrafts. TE will conduct assessments on the various concept aircrafts at
three levels:
e Aircraft level
A Clean Sky 2 concept aircraft and its reference technology aircraft” is compared along the same
trajectory in order to determine the environmental benefit of the Clean Sky 2 technologies, namely
noise on ground and emissions (CO, and NOy).

e Airport level
A Clean Sky 2 concept aircraft replaces its reference technology counterpart at different time scales
up to 2050 for selected airport traffic scenarios. The purpose of this replacement approach is to
evaluate the full potential of environmental benefits of Clean Sky 2 technologies to an airport area,
namely noise on the ground and population impacted by certain noise levels and emissions (CO, and
NO,).

e Air transport system (ATS) level
Similarly to airport level, a Clean Sky 2 concept aircraft replaces its reference technology
counterpart at different time scales up to 2050 for airport traffic scenarios. However, in this case the
noise impact is measured at European level.

Airlines offer long haul trips up to 15000 km and high frequencies of flights with aircraft designed for
much longer ranges to improve customer choice and increase market shares — on cost of additional
flights, capacity constraints at airports and increased noise and emissions. This triggers questions as to
what extend range optimised aircraft and fuel optimised flight legs could reduce the CO2 emissions.
Forecast results show, that a shift to bigger aircraft on short and medium haul trips would be
(technically) required to satisfy demand and at the same time address airport capacity constraints. To
identify the potential emission reductions of an optimised combination of aircraft size/range and flight
network compared to the current airline driven development is very important to Clean Sky, as the
project results will on one hand highlight areas of improvement regarding noise/emissions; it will also
provide knowledge to identify which emission/noise optimised aircraft types are required.

The project shall in a first analysis identify theoretical potentials for reducing CO2 emissions within a
network with range optimised aircraft (ensuring that demand can be satisfied) by comparing global
flights from 2000 plus 2014 and flights with range & seat optimised aircrafts plus with frequency
reductions and network optimisations. Those comparisons — under the condition that current and future
demand can be satisfied while market acceptance and travel time is totally and partially ignored — shall
consider three different levels of services:

e by splitting long haul flights into shorter legs including range / seat optimised aircraft; increased

travel times shall be quantified as well;
e by reducing frequencies to the necessary minimum via use of bigger range / seat optimised

7 The reference technology aircraft is the current state-of-the-art in 2014.
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aircraft; demand decreases shall be quantified as well;
o both levels of services described above shall be investigated together; increased travel times
and demand decreases shall be quantified as well.
This task shall also describe for the three combinations of network and fleet.
In a second step, the project shall describe potential impacts on stakeholders (passengers,
manufacturers, airlines and airports plus people living in the near surrounding of airports). Proposals
with sound approaches to quantify such impacts will be preferred.
In a third step, potential measures required to establish such an optimised global air transport system
shall be identified in a qualitative way.

TE work packages:

WPO TE Management

WP1 TE scope and setup

WP2 TE interfacing with IADP/ITDs and TAs
WP3 TE integration on Mission level

WP4 TE airport impact assessment

WP5 TE ATS impact assessment

WP6 TE Information System

WP7 TE Dissemination

2. Scope of work

In this project, the partner is expected to own aviation mainliner fleet and movements data for 2000
and 2014 stemming from the Official Airline Guide (OAG). The Partner will be provided by the Topic
Manager, in agreement with the relevant Clean Sky 2 Members, with
e an aviation mainliner forecast (covering demand, fleet and movements on a global level) for the
time until 2050.
e historical data and assumptions for future aircraft wrt. their performance on:
o Long range aircraft and their reference
o Short and Medium Range aircraft and their reference
o Regional aircraft and their reference
All project activities are carried out in the frame of WP5 for ATS level assessments. Applicants should
explain in the proposal methodology, models and metrics to perform the results (see task description
below).

Table 1 lists the tasks to be performed:

Tasks
Ref. No. | Title - Description Due Date
WP 5.2 Agreement on detailed methodology, data, models/tools plus metrics with TO+3
the topic manager
WP 5.2 Identification of theoretical potentials for reducing CO2 emissions via TO+12

optimised aircraft, network and frequency reductions

This task requires:
= Analysis of historical global flights of 2000 and 2014 regarding the aircraft /
fleet used and their related fuel consumption
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Tasks

Ref. No.

Title - Description

Due Date

Analysis of future global flights up to 2050 regarding the aircraft / fleet
used and their related fuel consumption

Creation of three different alternatives (with a different aircraft fleet and a
different network incl. reduced frequencies and reduced long haul flights)
under the condition that current and future demand can be satisfied while
market acceptance and travel time is totally and partially ignored; the
alternatives shall consider three different levels of services:

o by splitting long haul flights into shorter legs including range /
seat optimised aircraft; increased travel times shall be
guantified as well;

o by reducing frequencies to the necessary minimum (to fit
demand) via use of bigger range / seat optimised aircraft;
potential demand decreases (caused by different departure
/arrival times) and changes regarding aircraft fleet (on seat
class level) shall be quantified as well;

o both levels of services described above shall be investigated
together in combination; increased travel times and demand
decreases (caused by different departure /arrival times) and
changes regarding aircraft fleet (on seat class level) shall be
quantified as well.

Comparison between alternatives and base cases (2000, 2014, forecast up
to 2050) regarding fuel consumption and CO2 emissions.

The topic manager will provide the partner with an aviation mainliner
forecast (covering demand, fleet and movements on a global level for
aircraft above 20 seats) for the time until 2050.

WP 5.2

Assessment of potential impacts on stakeholders
This task requires analysis of potential impacts on stakeholders such as:

passengers (travel time, ticket prices),

manufacturers (fleet and production requirements),

airlines (business models, network efficiency, profitability, market
concentration),

airports (capacity, profitability)

people living in the near surrounding of airports (increase or decrease of
movements, noise)

Proposals with sound approaches (to be described in the proposal) to quantify
such impacts will be preferred.

TO+21

WP 5.2

Analysis of potential measures
In a third step, potential measures required to establish such an optimised
global air transport system shall be identified and briefly described.

TO+24

CS-GB-2019-11-21 Annex Il CFP11 WP and Budget 2020-21

201




Clean Skuy

9

vy

3. Major Deliverables/ Milestones and schedule (estimate)

*Type: R=Report, D=Data, HW=Hardware

Deliverables

Ref. No. | Title — Description Type* | Due Date
D1 Report on methodology, data, models/tools plus metrics agreed with | R TO+3
the topic manager
D2 Report on theoretical potentials for reducing CO2 emissions via | R TO+12
optimised aircraft, network and frequency reductions
D3 Report on potential impacts on stakeholders R TO+21
D4 Report on potential measures R T0+24
D5 Final report and dissemination/communication of results R TO+24
Milestones (when appropriate)
Ref. No. Title - Description Type* | Due Date
M1 Final report and dissemination/communication of results R T0+24

4. Special skills, Capabilities, Certification expected from the Applicant(s)

Essentia

I:

e Profound knowledge, expertise and experience in the application of tools for simulating traffic

net

works and their optimization

e Profound knowledge, expertise and experience in aircraft emissions calculations and modelling
e Profound knowledge, expertise and experience in aviation demand modelling and travel time
analysis

Advantageous:
e Profound knowledge, expertise and experience in aviation network changes and related impact
assessments regarding several or all fields listed below:

o ticket prices

o manufacturers production requirements

o airlines business models, profitability, market concentration
o airport capacity and profitability

o aircraft and airport related noise calculations and modelling

e Established track record including: Expert team, International research caliber, working with
industry and previous participation in large EU Programs
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PART B: Thematic Topics

1. Overview of Thematic Topics

Identification Code

List of Topics for Calls for Proposals (CFP11) — Part B

Title

Type of
Action (Fundingin M€)

Value

JTI-CS2-2020-CFP11- |High power density/multifunctional electrical energy storage| RIA 1.20
THT-11 solutions for aeronautic applications

JTI-CS2-2020-CFP11- |Advanced High Power Electrical Systems for High Altitude| RIA 1.00
THT-12 Operation

JTI-CS2-2020-CFP11- (Sustainability of Hybrid-Electric Aircraft System Architectures| RIA 1.60
THT-13

JTI-CS2-2020-CFP11- |Scalability and limitations of Hybrid Electric concepts up to| RIA 0.80

THT-14

large commercial aircraft

2. Call Rules

Before submitting any proposals to the topics proposed in the Clean Sky 2 Call for Proposals, all
applicants shall refer to the applicable rules as presented in the “Bi-Annual Work Plan 2020-2021"7* and

n75

the “Rules for submission, evaluation, selection, award and review procedures of Calls for Proposals””.

IMPORTANT:

The “additional conditions” laid down in the CS2JU Work Plan (see chapter 3.3 “Call management rules”)
are not applicable to the topics listed in Part B of this Annex .

Special conditions apply to these topics which are launched outside the complementary framework of
an IADP/ITD/TA (hereinafter referred to as Thematic Topics):

e Page limit:

The limit for a full proposal answering a Thematic Topic is 30 pages in total, see proposal template B.I.

e Scoring and weighting:

For Thematic Topics: to determine the ranking, the score for the criterion ‘excellence’ will be given a

weight of 1.5.

e Number of winning proposals

Under the Thematic Topics, more than one proposal per topic may be funded.

o Admissibility

Standard admissibility conditions and related requirements as laid down in Part B of the General

"Doc. ref. CS-GB-2019-11-21 Bi-Annual WP and Budget 2020-2021, to be made available on the Participant Portal
and the Clean Sky website
”> Doc. ref. Written Proc. 2014 -11 CS2 Rules for submission CfP, available on the Participant Portal and the Clean

Sky website
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Annexes of the Work Programme 2020-2021 shall apply mutatis mutandis with the following additional
condition(s) introduced below:
o The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and their

affiliates’® may not apply to the topics listed in Part B of this Annex .

Please note that proposals may include the commitment from the European Aviation Safety Agency
(EASA) to assist or to participate in the action without EASA being eligible for funding.

3. Programme Scene setter/Objectives

In accordance with Article 2 of the COUNCIL REGULATION (EU) No 558/2014 of 6 May 2014’ the
Clean Sky 2 high-level (environmental) objectives are:

“(b) to contribute to improving the environmental impact of aeronautical technologies, including those
relating to small aviation, as well as to developing a strong and globally competitive aeronautical
industry and supply chain in Europe.
This can be realised through speeding up the development of cleaner air transport technologies for
earliest possible deployment, and in particular the integration, demonstration and validation of
technologies capable of:
(i) increasing aircraft fuel efficiency, thus reducing CO, emissions by 20 to 30 % compared to
‘state-of-the-art’ aircraft entering into service as from 2014;
(ii) reducing aircraft NO, and noise emissions by 20 to 30 % compared to ‘state-of-the-art
aircraft entering into service as from 2014.”

7

These Programme's high-level (environmental) objectives have been translated into
targeted vehicle performance levels, see table below. Each conceptual aircraft summarises the key
enabling technologies, including engines, developed in Clean Sky 2.

Conceptual aircraft / air transport type Reference a/c* A Noise Target2 TRL @ CS2 close
Advanced Long-range (LR) LR 2014 ref 2030 20% 20% 20% 4
Ultra advanced LR LR 2014 ref 2035+ 30% 30% 30% 3
Advanced Short/Medium-range (SMR) SMR 2014 ref 2030 20% 20% 20% 5
Ultra-advanced SMR SMR 2014 ref 2035+ 30% 30% 30% 4
Innovative Turboprop [TP], 130 pax 2014 130 pax ref 2035+ 19 to 25% 19 to 25% 20 to 30% 4
Advanced TP, 90 pax 2014 TP ref4 2025+ 35 to 40% >50% 60 to 70% 5
Regional Multimission TP, 70 pax 2014 Multi-mission 2025+ 20 to 30% 20 to 30% 20 to 30% 6
19-pax Commuter 2014 19 pax a/c 2025 20% 20% 20% 4-5
Low Sweep Business Jet 2014 SoA Business a/c 2035 >30% >30% >30% >4
Compound helicopter3 TEM 2020 ref (CS1) 2030 20% 20% 20% 6
Next-Generation Tiltrotor AW139 2025 50% 14% 30% 5

*The reference aircraft will be further specified and confirmed through the Technology Evaluator assessment work.
1 All key enabling technologies at TRL 6 with a potential entry into service five years later.
2 Key enabling technologies at major system level. The target TRL indicates the level of maturity and the level of challenge

78 See the definition under Article 2.1 (2) of the H2020 Rules for Participation
"7 0J L 169, 7.6.2014, p.77
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in maturing towards potential uptake into marketable innovations.
3 Assessment v. comparable passenger journey, not a/c mission.
4 ATR 72 airplane, latest SOA Regional A/C in-service in 2014 (technological standard of years 2000), scaled to 90 Pax.

To integrate, demonstrate and validate the most promising technologies capable of contributing to the
CS2 high-level and programme specific objectives, the CS2 technology and demonstration activity is
structured in key (technology) themes, further subdivided in a number of demonstration areas, as
depicted below. A demonstration area may contribute to one or more objectives and also may involve
more than one ITD/IADP.

Ref-

Theme Demonstration area
Code
1A Advanced Engine/Airframe Architectures
1B Ultra-high Bypass and High Propulsive Efficiency Geared Turbofans
Breakthroughs in Propulsion Efficiency (incl. Propulsion-Airframe ~ ) n
1c . Hybrid Electric Propulsion
Integration)
1D Boundary Layer Ingestion
1E Small Aircraft, Regional and Business Aviation Turboprop
2A Advanced Laminar Flow Technologies
Ad in Wings, Aerody ics and Flight Dy
2B Regional Aircraft Wing Optimization
3A Advanced Manufacturing
3B Innovative Structural / Functional Design - and Production System Cabin & Fuselage
3C Innovative Solutions for Business Jets
4A A ) ) A Cockpit & Avionics
Next Generation Cockpit Systems and Aircraft Operations

4B Advanced MRO
5A Next-Generation Civil Tiltrotor

Novel Aircraft Configurations and Capabilities -
5B RACER Compound Helicopter
6A Electrical Systems
6B Aircraft Non-Propulsive Energy and Control Systems Landing Systems
6C Non-Propulsive Energy Optimization for Large Aircraft
7A ) ) ) Environmental Control System

Optimal Cabin and Passenger Environment
78 Innovative Cabin P -/Payload Sy
8A Eco-Design
9A Enabling Technologies
Technology Evaluator

The individual topic descriptions provide more detailed information about the link/contribution to the
high-level objectives.
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4. Clean Sky 2 — Thematic Topics

I.  JTI-CS2-2020-CFP11-THT-11: High power density/multifunctional electrical energy storage
solutions for aeronautic applications

Type of action (RIA/IA/CSA): RIA

Programme Area: N/A

(CS2 JTP 2015) WP Ref.: N/A

Indicative Funding Topic Value (in k€): 1200

Topic Leader: N/A Type of Agreement: N/A
Duration of the action (in 30* Indicative Start Date (at the | > Q4 2020
Months): earliest)’®:

*The JU considers that proposals requesting a contribution of 1200k€ over a period of 30 months would allow this specific
challenge to be addressed appropriately. Nonetheless, this does not preclude submission and selection of proposals requesting
other amounts and/or proposing different activity durations.

Topic Identification Code Title

JTI-CS2-2020-CFP11-THT-11 High power density/multifunctional electrical energy storage
solutions for aeronautic applications

Short description

Clean alternatives are demanded for aviation, and combustion engines will be progressively combined or
even substituted by electrical motors. This is one of the several reasons that make more electric aircraft and
all electric aircraft the clear trend for aerospace. These concepts imply a considerable increase of electrical
power demand on board, and in order to satisfy it with no use of fuel, the improvement in electrical energy
storage need to be addressed. This project will address solutions to increase the power density of batteries
(i.e. by investigating new battery chemistries) and solutions for better integration at aircraft level (i.e. by
integrating the batteries in the aircraft structure, with the aim of rise the overall power density performance
of the storage system saving weight and volume).

Links to the Clean Sky 2 Programme High-level Objectives’®

This topic is located in the demonstration area: NA

The outcome of the project will mainly contribute to the following | NA
conceptual aircraft/air transport type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X X X

’8 The start date corresponds to actual start date with all legal documents in place.

"Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Specific challenge

The More Electric Aircraft (MEA) concept is already ruling the aircraft design and the all electric aircraft
(AEA) concept is rising up. New mobility solutions and MEA are linked with the increase of electrical
loads and power demand, and one of the main features regarding electric design of both of them is the
energy storage.

Batteries are typically needed to keep the onboard systems working during start-up and emergency
conditions, but with the incorporation of electrical engines, the role of the batteries becomes even more
critical. Electrical engines provide clean propulsion to the aircraft, being the key factor for the future of
green aviation. Energy for combustion engines is stored in fuel, and energy for electrical engines is
stored in batteries. Nowadays, the power density of fuel is still by far superior to batteries, therefore
batteries require higher volume and size to deliver the same amount of energy. If the all electric aviation
advent is expected to be successful, improvements in the capacity of the aircraft energy storage are
required.

Recent AIRBUS prototypes show the all electric aircraft concept is feasible, like the E-Fan, that has
completed flights during more than 20 minutes, with two electrical engines powered by batteries.

Figure 1. E-Fan in flight

As a solution to increase the amount of energy stored with low weight impact, studies to increase the
power density of battery cells as such and/or the integration of the batteries with the aircraft struture is
proposed. The proposers have the freedom to address one or both of these objectives.

2. Scope

The main challenge for battery technology is to reach higher energy density levels. Proposers are
expected to provide solutions to increase the energy storage density of current battery systems (lithium-
ion, lithium-sulphur and lithium-air, etc.) battery technology. Thereby also the influence of the
developments on the provided power densities shall be addressed. Furthermore the used electrolyte
shall be considered including the option for all solid state batteries at least of the lithium-ion and
lithium-air types. The aspects of evolution of charge and discharge efficiency shall be addressed, which
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can be used to estimate the required cooling of the system in flight and during recharge whilst
grounded. Thermal management as well as fire protection aspects should be considered.

The thermal management, and thermal behaviour, such as resulting from short-circuit inside the
batteries, thermal runaway or fire in the aircraft are be studied. Thermal management systems should
be devised. Fire retardent action should be considered. Need of thermal protection insulation is to be
studied and solutions proposed.

Finally aspects regarding the battery production technology shall be addressed. For all developments,
production technology developments and material usage should be included. Besides the analysis of
expected costs and capacity it is also of high interest to analyse the expected quality evolution and cell
failure rates as a flight battery will comprise extremely high number of cells requiring new levels of
quality assurance.

Whereas the typical batteries are a joint sets of elements (cells, control electronics, cover, etc.), some of
these elements offer structural properties that could be used for carrying out the physical support of
other elements onboard, i.e. to carry out structural functions. On the other hand, the new composite
materials of the structure allow to integrate electrical storage properties with some modifications. Then
multifunctional structures could be developed which are able to perform structural and electrical
functions, with the aim to increase the energy storage power density of the aircraft. It may consist of an
innovative concept for a multifunctional structural battery based on lithium-ion (or other) battery
materials as load bearing elements in a sandwich panel construction or other form.

Some structural battery prototypes have recently demonstrated an initial capacity of 3,7 Ah, a
volumetric energy density of 248 Wh/L, a specific energy higher than of 400 Wh/kg, and a capacity
retention of 90% after 300 charge—discharge cycles at ~C/10 rate and eight mechanical loading cycles.

Carbon Fabric
Anode

Glass Fabric

4&— Separator

Stainless Steel
Cathode Substrate

\Glass Fabric

Separator

Carbon Fabric
Anode

Figure 2. Example of multifunctional material scheme.
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Electrolyte: Solid polymer Cathode: CFRP coated
resin with Li-ion content ~ with LiFe:PO4

Jra
7

Separator: GFRP

10D,
" '&._________________
Anode: CFRP

Collectors, e.g. copper

Fig. 3. Multi functional material battery, here a composite battery consisting of anode (CFRP), Separator
(GFRP), cathode (CFRP + LiFePO4 coating), copper current collectors.

The mechanical stiffness in three-point bend tests follows expectations based on sandwich beam theory,
proving that the battery materials are sharing in the load-carrying function of the sandwich panel. While
areas for improvement of the fabrication and performance of these type of prototypes still exist, the
results of the current investigation demonstrate the promising potential of the proposed structural
battery concept for the efficient use of space and mass in an electric vehicle.

Integration of suitable cells should be studied and a demonstrator at a relevant scale should be built and
tested. Upscaling of the size of the cells is to be performed. The attachment of the cells is to be studied,
considering cell carriers, or mechanical attachment devices.

Accessibility, sensing and management will be addressed.

Cyclic behaviour and life span should be studied.

Both battery- and super capacitor function may be investigated.

Note : Energy harvesting devices are not considered in scope.

3. Expected outcomes/impact

Proposals may address one or both objectives described in the previous section or new solutions

responding to the need of high power density/multifunctional electrical energy storage . Demonstration

and experimental validation up to a lab-scale level are expected.

The expected outcome of the project should include:

- Aliterature survey establishing the State-Of-the-Art related to proposed solutions.

- Key technologies/concepts helping progress in the selected fields of application.

- Definition of the roadmap for implementation with identification of TRL gates

- ldentification of technical challenges preventing the successful deployment of such technologies.

- Demonstration and experimental validation up to a lab-scale level at a representative geometrical
scale for aircraft structures.

4. Topic special conditions

Special conditions apply to this topic:

e Page limit:

The limit for a full proposal answering a Thematic Topic is 30 pages in total, see proposal template B.I.

e Scoring and weighting:

For Thematic Topics: to determine the ranking, the score for the criterion ‘excellence’ will be given a
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weight of 1.5.

e Number of winning proposals:
Under the Thematic Topics, more than one proposal per topic may be funded.
o Admissibility:
Standard admissibility conditions and related requirements as laid down in Part B of the General Annex
of the Work Programme shall apply mutatis mutandis with the following additional condition(s)
introduced below:

o The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and their

affiliates®® may not apply to the topics listed in this call text document.

5. Abbreviation/acronyms

AEA  All Electric Aircraft
MEA More Electric Aircraft
HVDC High Voltage and Direct Current

% See the definition under Article 2.1 (2) of the H2020 Rules for Participation
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JTI-CS2-2020-CFP11-THT-12: Advanced High Power Electrical Systems for High Altitude
Operation

Type of action (RIA/IA/CSA): RIA

Programme Area: N/A

(CS2 JTP 2015) WP Ref.: N/A

Indicative Funding Topic Value (in k€): 1000

Topic Leader: N/A Type of Agreement: N/A
Duration of the action (in 30%* Indicative Start Date (at the | > Q4 2020
Months): earliest)®:

*The JU considers that proposals requesting a contribution of 1000k€ over a period of 30 months would allow this specific
challenge to be addressed appropriately. Nonetheless, this does not preclude submission and selection of proposals requesting
other amounts and/or proposing different activity durations.

Topic Identification Code Title
JTI-CS2-2020-CFP11-THT-12 Advanced High Power Electrical Systems for High Altitude
Operation

Short description

The topic will address the issue of managing high voltage / high power electrical systems at high
altitude. It is well known that the requirements in aeronautics are putting strong constraints on the
system architecture in terms of reliability and safety. This topic is aiming at providing solutions for
components of the electrical system which provide high power density performance while complying
with the reliability and safety requirements. This covers components relevant for power electronics
(converters, inverters, etc.), distribution, circuit breakers, motors and generators. This topic aims to
support advances in any of those fields to enable operation at high altitude of suitable electrical system
architectures for aeronautic applications. Arcing/arc tracking is one of the major issues to be solved
within this context. Applicants may choose to address one or several of the aspects of the call.
Demonstration and validation at lab scale level is experimentally expected.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area: NA

The outcome of the project will mainly contribute to the following | NA
conceptual aircraft/air transport type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X X X

® The start date corresponds to actual start date with all legal documents in place.

8Eor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Specific challenge

This topic addresses the general issue of managing high voltage / high power electrical systems at high
altitude.

This topic is aiming at providing solutions for components of the electrical system which provide high
power density performance while complying with the reliability and safety requirements. This covers
components relevant for power electronics (converters, inverters, etc.), distribution, circuit breakers,
motors and generators. It is well known that the requirements in aeronautics are putting strong
constraints on the system architecture in terms of reliability and safety. Arcing/arc tracking is one of the
major issues to be solved within this context.

The more electric agenda may also lead in the future to a totally different thermal management system
on-board, enabled by the use of cryo-fuels (LH2 or LNG) either for use with fuel cells or as a propellant
for gas turbine driven propulsion components. This opens the way to cryo-cooled electronic
components as well as superconducting devices. Recent developments in HTS (high temperature
superconducting) devices have revealed very promising perspectives. The topic aims to support
advances in any of those fields to enable operation at high altitude of suitable electrical system
architectures for aeronautic applications.

An example of relevant architectures can be taken from the currently running E-Fan-X project, led by
Airbus, Siemens and Rolls-Royce. The objective of replacing one of the four turbofan engines by a 2MW
electric motor has shown to require an electrical distribution scheme at 3000 V DC inside the aircraft
(Figure 1).

ELECTRICAL SUPPLY

3000V DC electrical distribution

GENERATOR W, ¢
Power generation e y
system

DATA

TBANSMlSSlON
ENGINE g nawentaiibo
One of four jet engines is replaced ENERGY STORAGE with telemetry

with an electric motor

High-power battery pack

Figure 1. Main features of the E-Fan-X test aircraft.

In order to supply the electric motor, a gas turbine based turbogenerator is driving a 2MW generator,
feeding a 2 MW battery pack trough a power distribution center and a so-called HEPS (Hybrid Electric
Propulsion System) E-Supervisor (Figure 2). The motor power electronics, the inverter, DC/DC converter,
and power distribution system must be designed and dimensioned to reach satisfactory volumetric and
mass energy densities.

The main interest of this ambitious project is however also to explore and better understand thermal
effects, power management, altitude and dynamic effects (arcing, etc.), as well as electromagnetic
issues of this 3,000 volt power system.
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AIRBUS

FAN adaptation: +
@ Rolls-Royce
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Figure 2. Main features of the E-Fan-X hybrid electric system layout.
2. Scope

The scope of this topic in terms of timeframe is twofold: progress on short-term technology
developments for EIS 2025, and on breakthrough technologies for longer term developments for EIS

2035 and beyond.

Further developments of key technologies/tools helping progress in high voltage / high power electrical

on-board systems technology are expected in the following areas:

- Progress in fundamental understanding and modelling of high power electrical systems, including
(but not limited to) thermal effects, power management, altitude and dynamic effects (arcing, etc.),

as well as electromagnetic issues.
- Progress in terms of component technologies:
o Power Electronics

New WBG materials like SiC and GaN enable power electronic systems with already today
relatively high power densities. Research activities in future materials like Aluminum nitride and
Diamond together with new packaging solutions promise large potential in power electronics
power density improvement. Relevant power electronic systems for future hybrid/electric
aircraft may be defined, e.g. non-isolating unidirectional fuel cell DC/DC converters and
bidirectional battery DC/DC converters, traction drive inverters for motors and generators,

isolating DC/DC converters for low voltage supply and DC/AC grid inverters.

The study may evaluate technology potentials based on conventional technologies but research
in cryo-cooled, superconducting topologies for future hybrid/electric aircraft (HTS, etc.) are

strongly encouraged.
o Electric Drives

Electric drives are available in a wide variety of topologies and technologies like synchronous
and asynchronous machines or multiphase topologies. The study should evaluate technology
potentials based on conventional technology electric drives but research in cryo-cooled,
superconducting topologies for future hybrid/electric aircraft (HTS, etc.) are strongly
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encouraged.
o Electric Power Distribution
Arc Fault Detection and Protection (AFDP) solutions are required to comply with safety
requirements. Algorithm-based technologies can be used to detect arc faults according to its
specific characteristics. This solution can be implemented through on board computers for
detection and combined with electrical components like SSPC (Solid State Power Controllers) or
AFCB (Arc Fault Circuit Breakers) for protection. Reflectometry techniques may applied to
manage the physical detection and neural networks (Artificial Intelligence) algorithms may be
used to reduce the false trips.
Note: The power source in itself (battery, Fuel Cell or Turbine/ICE generator) are not considered as part
of the scope of this topic, as they are covered by other specific actions.

3. Expected outcomes/impact

Proposals may address one or more component solutions/tools/concepts described in the previous
section or new solutions responding to the need of high power electrical systems, at aircraft level.
Demonstration and experimental validation up to a lab-scale level are expected.

The expected outcome of a project should include:

e A comprehensive literature review of the state-of-the-art in relation with the solution proposed.

e Key technologies/tools/concepts helping progress in high power electrical systems may cover one or
several of the previously described items but the proposal should clearly state the initial TRL of the
study and clear objectives in terms of (volumetric and mass) power density target.

¢ I|dentification of scientific and technical challenges preventing the successful deployment of such
technologies.

4. Topic special conditions

Special conditions apply to this topic:

e Page limit:

The limit for a full proposal answering a Thematic Topic is 30 pages in total, see proposal template B.I.

e Scoring and weighting:

For Thematic Topics: to determine the ranking, the score for the criterion ‘excellence’ will be given a
weight of 1.5.

e Number of winning proposals:
Under the Thematic Topics, more than one proposal per topic may be funded.
o Admissibility:
Standard admissibility conditions and related requirements as laid down in Part B of the General Annex
of the Work Programme shall apply mutatis mutandis with the following additional condition(s)
introduced below:

o The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and their

affiliates® may not apply to the topics listed in this call text document.

5. Abbreviations/Acronyms

AEA All Electric Aircraft
AFCB Arc Fault Circuit Breaker

8 See the definition under Article 2.1 (2) of the H2020 Rules for Participation
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AFDP Arc Fault Detection and Protection
MEA More Electric Aircraft

HVDC High Voltage and Direct Current
SSPC Solid State Power Controller

WBG Wide Band Gap
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JTI-CS2-2020-CFP11-THT-13: Sustainability of Hybrid-Electric Aircraft System Architectures

Type of action (RIA/IA/CSA): RIA

Programme Area: N/A

(CS2 JTP 2015) WP Ref.: N/A

Indicative Funding Topic Value (in k€): 1600

Topic Leader: N/A Type of Agreement: N/A
Duration of the action (in 30%* Indicative Start Date (at the | > Q4 2020
Months): earliest)®:

*The JU considers that proposals requesting a contribution of 1600k€ over a period of 30 months would allow this specific
challenge to be addressed appropriately. Nonetheless, this does not preclude submission and selection of proposals requesting
other amounts and/or proposing different activity durations.

Topic Identification Code Title

JTI-CS2-2020-CFP11-THT-13 Sustainability of Hybrid-Electric Aircraft System Architectures

Short description

Electric and hybrid-electric aircraft are expected to disruptively change aviation in the next decades.
Potential benefits in terms of noise, emissions and flexibility drive a huge amount of ambitious R&D
activities to overcome technological challenges on energy storage, supply and transmission. However,
the full life cycle impact of future electric/hybrid aircraft technologies has not yet been addressed
sufficiently. Sustainability of materials, processes and resources, efficiency of manufacture and
production, lifetime services, as well as the end of life challenge need to be analyzed to evaluate
competitive value and environmental impact of electric/hybrid aircraft from a full lifetime perspective.
This topic intends provide particular Life Cycle Inventory Data for hybrid/electric aircraft technologies
for the European aviation industry as reference related to future electric/hybrid aircraft according to
eco-DESIGN Standards. A 50 pax regional class A/C shall be used as target application for harmonization
of the system requirements and will set focal nodes on short- mid- and long-term developments for
relevant system technologies.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area: NA

The outcome of the project will mainly contribute to the following | NA
conceptual aircraft/air transport type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X X X

# The start date corresponds to actual start date with all legal documents in place.

BEor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Specific challenge

Electric and hybrid-electric aircraft are expected to disruptively change aviation in the next decades.
Potential benefits in terms of noise, emissions and flexibility have been widely treated whereas, the full
life cycle impact of future electric/hybrid aircraft technologies has not yet been addressed sufficiently.
Sustainability of materials, processes and resources, efficiency of manufacture and production, lifetime
services, as well as the end of life challenge need to be analyzed to evaluate competitive value and
environmental impact of electric/hybrid aircraft from a full lifetime perspective.

This topic intends to provide particular Life Cycle Inventory Data for the European aviation industry to
better support development and ambition toward future electric/hybrid aircraft according to
ecoDESIGN Standards. A 50 pax regional class A/C shall be used as target application for harmonization
of the system requirements and will set focal nodes on short- mid- and long-term developments for
relevant system technologies.

Figure 1 shows a basic system layout with the key components for future hybrid/electric energy storage
(Turbine/ICE generator; fuel cell; battery) and energy transmission (HV backbone, power electronics,
electric propulsion), excluding ground energy supply. However, these systems rely on technology not
available for service and todays short- and mid-term research activities basically focus on concepts for
urban air mobility and short commuters up to 19 PAX. To realise a hybrid electric aircraft designed for 50
pax regional class, new technologies have to be developed and existing barriers have to be overcome for
electrical energy storage, transmission and supply, to ensure mid- and long-term competitiveness of
European aviation industry. At the same time the life cycle impact of these short, mid, and long term
developments needs to be accounted for, in order to avoid developments which in total could not lead
to a more sustainable aviation.

AC

DC

T DC
AC Y

= DC oc J/
Turbine Generator e / V4

I AC L / Ac T
DC - 4
= DC y
DC Smart Battery System ac J
Electric Propulsion Fan /
/ DC
Fuel Cell Electric Propulsion Fan
400 Hz 28V
Powernet Powernet

Figure 1: Exemplary energy transmission with distributed electrical systems in a hybrid/electric aircraft system.

Life Cycle Assessment and ecoDESIGN Analysis

Full Life Cycle Assessment is crucial for any trade-off evaluation on new technologies from both the
economic and the ecological point of view; taking into account the circular economy, also aspects of re-
use and recycling need to be included in a life cycle impact analysis.

2. Scope

The action will depart from an analysis and literature review of the State of the Art [SoA] of research
and/or developments underway in the field of electric and hybrid/electric A/C architectures.

Previous and existing LCA studies (also from other sectors than the aeronautical one, i.e. automotive,
rail, etc.) related to the main components of this type of architecture should be reviewed as well and
presented.
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As already mentioned, studies will be performed considering 50 pax regional class A/C . After defining
the top level requirements depending on the mission (altitude, speed, range, etc), the consortium shall
define a consistent energy transmission topology, based on battery and/or fuel cell and/or ICE/turbine
generator technology. Several scenarios, or topologies should be considered in order to understand
which are the most attractive solutions in terms of emission reduction, considering also the whole life
cycle analysis of the system components. Comparison should be made with a typical reference aircraft,
i.e. based on fossil fuel propulsion (kerosene), including the “well-to-tank” and “tank-to-wake”
emissions production and life cycle impact.

Based on this top-down approach defining different potential topology scenarios, a bottom-up
technology evaluation should be performed for storage, supply and transmission to determine
technology performance targets to meet the requirements for a 50 pax regional class A/C, identifying
existing technology barriers and possible solutions and approaches to overcome these. The consortium
shall be able to adress the whole hybrid/electric drivetrain architecture (refer to exemplary Figure 1),
including ground based energy supply, for the selected topology concept. Different horizons should be
considered here in terms of technology available for a protoype, namely short- (EIS 2025+), mid- (EIS
2035+) and long term (EIS 2045+) technologies for each of the system components.

All identified materials, processes and ressources of the system technologies, i.e. batteries, fuel cells
(including H2 storage), gas turbine or ICE genset, power electronics, electric motors/generators,
distroibution and on ground energy supply, will give the input for Life Cycle Inventories (and conduct
Life Cycle Analysis according to ecoDESIGN Standards). Validation shall be conducted for relevant Data
on Life Cycle Inventory where appropriate.

3. Expected outcomes/impact

The expected project tasks and outcomes are listed and described in more detail below.

Tasks
Ref. No. | Title — Description Due Date
1 Basic Concepts, Requirement Analysis M30
1.1 Overall Requirements for (hybrid) electric 50 pax regional A/C M3
Scenarios & Requirements for Future Hybrid Electrical Propulsion and
1.2 . M13
Conventional Reference
1.3 Comparison of Future Scenarios with Reference Scenarios and Overall M30
Summary
2 Technology Analysis for Future Energy Storage, Supply and Transmission M20
2.1 Battery Technology M15
2.2 Fuel Cell Technology M15
2.3 Turbine / ICE generator sets M15
2.4 Power Electronics M15
2.5 Electric Drives M15
2.6 On-Ground Energy Supply M15
3 Life Cycle Inventory Forecast & Validation M26
3.1 Materials Processes Ressources M22
3.2 Efficiency of Manufacture and Production M26
33 Lifetime Services and MRO M26
34 Recycling, Re-Use and End-of-Life M26
3.5 Lab Scale Validation M26
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Task Description

Task 1: Basic Concepts, Requirement analysis

Task 1 will cover basic concepts from an overall performance or aircraft design perspective. Focus shall
be set to a 50 pax regional class A/C concept and its requirements with regard to electric or hybrid
electric propulsion. The A/C concept and its sub-systems shall be defined in a top-down approach to
derive requirements and performance demands for the bottom-up driven technology analysis in Task 2.

Task 1.1: Overall Requirements for (hybrid) electric 50 pax regional class A/C

Task 1.1 will focus on the identification and/or definition of overall requirements for a 50 pax regional
class hybrid/electric aircraft. Building on typical characteristics of a representative configuration in this
a/c class and taking into account particular mission profiles, key specifications to be fulfilled by a
hybrid/electrical powertrain shall be derived and provided as design frame for the technology analysis in
Task 2. These are for instance on board energy storage, shaft power level (peak and cruise), weight
(powertrain incl. energy storage system) or change-over time. Expected overall a/c performance
increases resulting from future aircraft design approaches and optimized aerodynamics or enabled by
electrical powertrains should be included in a suitable and reasonable manner (e.g. laminar flow,
distributed propulsion, BLI, blended wing, etc.).

Task 1.2 Scenarios & Requirements for Future Hybrid Electrical Propulsion and Conventional

For hybrid electric propulsion, from today’s perspective three major technology streams for energy
storage may be considered as proposed inFigure 2: (i) battery based approaches, (ii) fuel-cell based
approaches and (iii) approaches based on turbine /ICE propelled (kerosene or drop-in alternative fuels)
generator sets, including combinations and the related on-ground energy supply. Independent of the
energy storage and supply, power electronics and electric drives are relevant for energy transmission.
1.2.1) Future Scenarios and technology performance levels required for hybrid electrical A/C

Based on the three technology streams given above (i-iii), relevant scenarios for hybrid/electric A/C shall
be defined for further analysis in close coordination with Task 1.1. Combined approaches of two or all
three technology streams and sub-scenarios counting for distinct power/energy distributions for each of
the technology streams might be considered. Following an application pull approach, for each of the
selected scenarios particular requirement analysis should be conducted to derive technology
performance requirement windows for each of the addressed technologies to be employed as base for
the technology analysis in Task 2 (e.g. energy density demand or power density demand of the systems).
1.2.2) Reference Concepts on conventional propulsed A/C

As baseline for a comparison and evaluation of the effects of future hybrid electrical aircraft scenarios
relevant reference aircraft concepts shall be defined on conventional propulsion concepts (such as
turbofan / turboprop). These reference concepts should include the state of the art status of today and
also developments and optimization approaches on conventional propulsion expected on the Horizon of
2030+.

Task 1.3: Comparison of Future Scenarios with Reference Scenarios and Overall Summary

Based on the results of the technology analysis in Task 2 and the Life Cycle Analysis in Task 3 an overall
comparison of the scenarios for hybrid electric aircraft and an evaluation of their life cycle impact
compared to conventional concepts from Task 1.2 shall be carried out on overall summary level.
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Figure 2: Assignment of technology subTasks to technology streams.

Task 2: Technology Analysis for Future Energy Storage, Supply and Transmission 2050
To realize future concepts for hybrid electric aircraft, existing technology gaps and barriers for energy
storage, supply and transmission will need to be overcome. New and disruptive solutions will be
required e.g. for compact and lightweight modules for electrochemical power sources, power
electronics and electric drives, as well as for on ground energy supply solutions.
Based on the scenarios and the requirement analysis of Task 1 in this Task 2, a bottom-up technology
analysis shall be made for the most relevant technologies with a perspective on the selected technology
streams (i)-(iii) and timeframes (a)-(c). This analysis shall cover all relevant system domains for energy
handling such as on board energy storage, on board supply of electrical energy, on board transmission
(power grid management and shaft power output) as well as ground energy supply to aircraft.
Considering the three major technology streams and the relevant system for energy handling the
analysis can be structured into sub-Tasks oriented towards battery technology, fuel cell technology,
technology for turbine / ICE propelled generator sets, and hybrid technologies resulting from their
combination as well as power electronics, electric drives and on-ground energy supply to aircraft. The
applicant may propose an alternative structure if deemed more valuable. The assignment of the
Technology Tasks to the technology streams is shown below.
For each sub-Task the technology analysis shall follow a three step approach:
o Definition of the state of the art performance level (Milestone M2)
e Description of technology barriers and gaps to meet required performance levels for the
proposed hybrid/electric a/c design derived in Task 1/1.2
e Potential solutions to overcome these technology barriers, gaps and approaches to reach the
required performance levels for the selected timeframe a) — c), based on roadmap analysis and
interpolation. Regarding the analysis in Task 3 a particular focus shall be included towards
material usage and production technology.

Task 2.1: Battery Technology

The main challenge for battery technology is to reach higher energy density levels. A forecast for the
energy storage density evolution of lithium-ion, lithium sulphur and lithium air battery technology shall
be given. Thereby also the influence of the developments on the provided power densities shall be
analysed. Furthermore the used electrolyte shall be forecasted including the option for all solid state
batteries at least of the lithium ion and lithium air types. In the forecast also the evolution of charge and
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discharge efficiency shall be given, which can be used to estimate the required cooling of the system in
flight and during recharge whilst grounded. Finally a forecast on the battery production technology shall
be given. For all forecasts, production technology developments and material usage should be included.
Besides the analysis of expected costs and capacity it is also of high interest to analyse the expected
quality evolution and cell failure rates as a flight battery will comprise extremely high number of cells
requiring new levels of quality assurance.

Task 2.2: Fuel Cell Technology

With regard to fuel cell applications for future A/C scenarios two major aspects can be considered: the
on-board storage and supply of hydrogen and the particular fuel cell technology for conversion into
electrical power. Both of them shall be included in the analysis if technology stream ii) is selected.

For a 50 pax regional class hybrid electrical aircraft, it is assumed that pure hydrogen shall be considered
as on-board fuel due to its high energy density. However, onboard storage of pure hydrogen is critical.
Due to their complexity, on-board hydrogen storage systems will have a significantly negative impact on
the overall energy density. Light tank systems for larger amounts of liquid hydrogen or cryo-compressed
hydrogen are of interest, as well as future chemical hybrid storage solutions. Effects of the selected
storage on fuel purity and heat demand shall be also investigated and taken into account when
evaluating different fuel cell technologies. A forecast on the development of reformer technologies for
sustainable fuels which can be reformed under mild conditions shall be given if deemed valuable. Here
methanol derived fuels might be of particular interest.

With respect to the particular fuel cell technology the analysis shall include three fuel cell technologies
(LT-PEMFC, HT-PEMFC and SOFC) which are discussed today for application in aviation. A forecast on
further fuel cell technologies shall be given if deemed valuable. In particular a forecast on the
development of power density of cell, stack and system level is required. Stack level forecast must
thereby also take into account developments of bipolar plates and sealing technology. The system level
forecast must in particular address system level constraints concerning humidification and thermal
management. For all forecasts production technology developments and material usage should be
included as input to Task 3.

Task 2.3: Turbine / ICE Generator Set

As a third alternative system for on board supply of electrical energy, a turbine / ICE generator set shall
be considered. Future improvements shall be included as well as the overall on board fuel system. Both
conventional kerosene and also alternatives such as biofuels/synthetic fuels should be taken into
account.

Task 2.4: Power Electronics

New WBG materials like SiC and GaN enable power electronic systems with already today relatively high
power densities. Research activities in future materials like Aluminum nitride and Diamond together
with new packaging solutions promise large potential in power electronics power density improvement.
The task should give a forecast on development of power electronics technologies for future
hybrid/electric a/c. Based on the overall concept and system topology derived in Task 1, relevant power
electronic systems for future hybrid/electric A/C should be defined, e.g. non-isolating unidirectional fuel
cell DC/DC converter and bidirectional battery DC/DC converter, traction drive inverters for motors and
generators, isolating DC/DC converter for low voltage supply and DC/AC grid inverter (Fig. 1). For all
forecast production technology developments and material usage should be included as input to Task 3.

Task 2.5: Drives
Electric drives are available in a wide variety of topologies and technologies like synchronous and
asynchronous machines or multiphase topologies. The study should evaluate technology potentials for
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Task 1.2 demands based on conventional technology electric drives but might also include potentials in
superconducting topologies for future hybrid/electric A/C. For all forecast production technology
developments and material usage should be included.

Task 2.6: On Ground Energy Supply

Today, on-ground energy supply basically is fueling. With regard to future hybrid electrical aircraft,
additional and/or alternative infrastructure will be required for on ground energy storage, grid
connection and transfer to aircraft (i.e. battery charging or battery swap as well as storage, on-site
generation and fueling of hydrogen or kerosene/bio fuels). Basic requirements such as energy transfer
rates for the on ground energy supply to aircraft can be derived based on the energy transfer through
conventional fueling processes or based on time slots for airport changeover time. For the appropriate
energy supply technologies an analysis shall be conducted.

With regard to direct supply of on-ground electrical energy to aircraft technologies and topologies for
ground power during service and their impact on electrical energy demand for an airport operating
different numbers of hybrid/electric A/C being operated at the airport shall be included. Evaluate
potentials and strategies for airport energy management during A/C service like e.g. individually
controlled charging power for each A/C and inclusion of ground-based electrical energy storage to
buffer load peaks. Also consider possible impact of combined ground power supply and onboard energy
generation.

With regard to on ground hydrogen supply, external hydrogen supply chain solutions should be
compared to on-site hydrogen generation/liquefaction at the airport, including necessary infrastructure
for both cases, if technology stream ii) is selected. For all forecast production technology developments
and material usage should be included as input to Task 3.

Task 3: Life Cycle Inventory Forecast & Validation

Based on the results of the technology analysis (Task 2) for the realization of future scenarios for energy
storage, transmission and supply for future hybrid/electrical aircraft, the applicant shall estimate and
forecast particular life cycle inventory and provide LCl-Data on required materials, processes and
resources, on the production system, on material flow, on service and MRO aspects as well as on re-use
and recycling approaches. Additionally, interactions with alternative sectorial applications might also be
considered. As interface to CS2 ecoDESIGN Transversal Activity particular LCl Reports and a final report
are foreseen as deliverables in the course of the project. Based on these LCI-Data and in the course of
the ecoDESIGN analysis, Life Cycle Impact will be conducted Analysis including eco-statements and
socio-economic statements. LCI-Data and analysis results will be part of the Aviation Environmental
Database under ecoTA and shall meet standards given in the ILCD Handbook or in ISO 14040/14044.

The effects of future scenarios for energy storage transmission and supply for future hybrid/electric
aircraft on alternative sectorial applications such as other mobility sectors, the global electric grid, or
other relevant sectors should be analyzed, where appropriate. Based on the technology analysis (Task 2)
provide information on how technology development may affect alternative sectorial applications -
positively or negatively.

Task 3.1: Materials, Processes, Resources

Analyze materials, processes and resources required for realization of future scenarios for energy
storage, transmission and supply for future hybrid/electric aircraft based on the outcome of the
technology analysis (Task 2). Provide a forecast of the life cycle inventories and LCl Data of Materials
Processes and Resources required to realize these scenarios (forecast of Bill of Material and Bill of
Processes).
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Task 3.2: Efficiency of Manufacture and Production

Analyse the production system required for realization of future scenarios for energy, storage
transmission and supply for hybrid/electric aircraft based on the outcome of the technology analysis
(Task 2). Provide a forecast of the process flow charts and Life Cycle Inventories for a future Production
environment. Also include jobs and skills required. Analyze the material flow required in a European or
global supply chain for the realization of future scenarios and include the full supply chain from
extraction of raw material through manufacture and assembly of a hybrid electric aircraft up to the
recycling disposal and end of life of particular components.

Task 3.3: Lifetime Services & MRO

Analyze lifetime services and MRO requirements future scenarios for energy storage, transmission and
supply for future hybrid/electric aircraft based on the outcome of the technology analysis (Task 2).
Provide estimated information on relevant aspects for service and MRO as well as on cycles, new to
build service and MRO infrastructure and capabilities.

Task 3.4: Recycling, Re-Use and End-of-Life

Analyse Recycling and End-of-Life options in the context of future scenarios for energy storage
transmission and supply for hybrid electrical aircraft 2050 based on the outcome of the technology
analysis (Task 2). Provide Life Cycle Inventories and LCl-Data on recycling streams or end of life
approaches.

Task 3.5: Lab scale Validation
To validate LCI-Data assumptions and estimations, lab scale testing and validation may be considered for

relevant technology if possible and conductible.

4. Topic special conditions

Special conditions apply to this topic:

e Page limit:

The limit for a full proposal answering a Thematic Topic is 30 pages in total, see proposal template B.I.

e Scoring and weighting:

For Thematic Topics: to determine the ranking, the score for the criterion ‘excellence’ will be given a
weight of 1.5.

e Number of winning proposals:
Under the Thematic Topics, more than one proposal per topic may be funded.
e Admissibility:
Standard admissibility conditions and related requirements as laid down in Part B of the General Annex
of the Work Programme shall apply mutatis mutandis with the following additional condition(s)
introduced below:

o The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and their

affiliates® may not apply to the topics listed in this call text document.

5. Abbreviations/Acronyms

LCI Life Cycle Inventioy
ILCD International Reference Life Cycle Data System

% See the definition under Article 2.1 (2) of the H2020 Rules for Participation
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IV. JTI-CS2-2020-CFP11-THT-14: Scalability and limitations of Hybrid Electric concepts up to
large commercial aircraft
Type of action (RIA/IA/CSA): RIA
Programme Area: N/A
(CS2 JTP 2015) WP Ref.: N/A
Indicative Funding Topic Value (in k€): 800
Topic Leader: N/A Type of Agreement: N/A
Duration of the action (in 30%* Indicative Start Date (at the | > Q4 2020
Months): earliest)®’:

*The JU considers that proposals requesting a contribution of 800k€ over a period of 30 months would allow this specific
challenge to be addressed appropriately. Nonetheless, this does not preclude submission and selection of proposals requesting
other amounts and/or proposing different activity durations.

Topic Identification Code Title

JTI-CS2-2020-CFP11-THT-14 Scalability and limitations of Hybrid Electric concepts up to large
commercial aircraft

Short description

Radical aircraft concepts with green enabled propulsion systems are being developed for several
vehicles classes (small, regional and large aircraft). Certain switch points are existing were technologies
are better suited to one or another class, also in the frame of different regulatory frameworks. These
switching points substantially influence the requirements with respect to the main features of the
aircraft architecture, with substantial effects on economic figures for the entire industrial lifecycle, also
achievable reliability and safety levels. In the frame of this studies there need for different approaches
or the opportunity for common approaches should be defined.

Links to the Clean Sky 2 Programme High-level Objectives®

This topic is located in the demonstration area: NA

The outcome of the project will mainly contribute to the following conceptual | NA
aircraft/air transport type as presented in the scene setter:

With expected impacts related to the Programme high-level objectives:

Reducing CO, Reducing NO, Reducing Noise Improving EU Improving
emissions emissions emissions Competitiveness Mobility
X X X X X

¥ The start date corresponds to actual start date with all legal documents in place.

BEor further info see Chapter 1 “Introduction to the Programme Scene Setter / Objectives” with key technology themes /
demonstration areas. Detailed information available in the CS2 Development Plan accessible via the Clean Sky JU Website and
EC Participant Portal.
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1. Specific challenge

Initiated from studies purely looking at energy saving and at the potential reduction or even removal of
CO, emission for future transport aircraft, novel propulsion systems are recently considered to change
the energy carrier in the search for a more sustainable aviation future.

The expected benefit in terms of energy savings is expected to emerge to a substantial extend
employing radical configurations. For hybrid electric propulsion systems, the generation of energy and
thrust can be separated, enabling new concepts that for example interact with the wing tip vortex or
with the high lift system.

Currently, a multitude of concepts are being investigated for several vehicle classes in parallel. A
significant acceleration for the development of larger vehicles is expected when capturing and straight
building upon the experience made by the development of smaller vehicles. As for example, the
required key elements for a hybrid electric power train for a potential use in aviation are not yet
available at any large scale, the development will subsequently move through reasonable steps, from
small to big. This might also include the use of smaller vehicles as (scaled) demonstrator vehicles with a
reasonable understanding on the critical features that must be considered toward a later up-scaling.
With this approach the key point to be tackled in an early stage is the definition of requirements that
must be taken into account to assure proper up-scale of technologies and architectures to large units
and vehicles. A focus is expected toward the very high standards of safety, operational reliability but
also industrial competitiveness.

Setting the right tasks and scope, it is important to ensure, for example, that the new electric or hybrid
electric technologies under development and the associated new aircraft concepts are not only suitable
for general aviation aircraft, but can be adapted and applied further in Commuter Aircraft, regional
aircraft, and most preferably, for large air transport. In this respect, different solutions might be pursued
depending on the different requirements in certification and operating environment (vehicle speed). As
example, some propulsion system architectures are better suited to certain sizes of vehicle whereas, the
switch-over points between different technologies and system architectures are not yet well known. A
better knowledge on the design space across vehicle classes could provide synergies between
developments.

2. Scope

The objective of this topic is to systematically review the key requirements for the development of next
generation key technologies like hybrid electric propulsion concepts, the use of alternative non-drop in
fuels technologies (Hydrogen-H2, Liquid Natural Gas - LNG) for the different fixed wing vehicle classes of
light aircraft (General Aviation), commuter aircraft, regional aircraft, short-medium range and large
passenger aircraft for the “upscaling development approach”.

The objectives of this topic can be broken down into 5 parts :

1) Define a vehicle scheme with Top Level Aircraft Requirements (TLAR) for each of the 5 A/C
categories (light aircraft - General Aviation, commuter aircraft, regional aircraft, short-medium
range and large passenger aircraft), with typical operations regime and specifications. This first part
shall draw a “state of the art” picture, explaining also were the typical “switching” points are with
today’s technologies and aircraft configurations. Key parameters of typical customer (passenger)
expectations, aircraft operators, levels of operational reliability and safety shall be provided with
reference to other recent studies.

2) Identify opportunities and limitations of scaling of main technologies, “switching points” with
respect to the usability of specific components and systems relevant for the next generation aircraft
development and aircraft configurations targeted in this study. An assessment of expected
reliabilities in operation, applicability of current regulations and limits of current regulations shall be
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made for these technologies.

3) The analysis shall be applied to a “radical” aircraft architecture of a hybrid electric fixed wing aircraft
with a primary non-drop in fuel source. This architecture shall be “expanded” from a GA vehicle to a
FAR 23 and a FAR25 type of aircraft with Top level aircraft requirements and operational
requirements typical for each class. The aim is to explore in which way the upscaling in combination
with entering the requirements of a new vehicle class and the differences in the operational profile
would require substantial changes in the aircraft architecture.

4) Expand the analysis to the requirements for the availability of key airport infrastructures required to
operate the five classes specific to the technical nature of the future radical aircraft with regards to
reliable, economic and fully safe use.

5) With the knowledge and understanding gained through the study of the technology and
architecture of the radical hybrid electric aircraft concept, an estimation of the economic and
operational viability (i.e. what are the key parameters of a business case, what are the key
operational contraints for passenger and airline, both compared with a typical scenario of today)
shall be made for the case of the Commuter, regional aircraft and short and medium large transport
aircraft. This estimate shall be made by comparing the achievable features of these aircraft
assuming up-scaling will conducted to the largest scale up to TRL 6 until 2030.

These five parts of the objectives are deemed to provide a fair fundament for a work package structure

of the project plus a work package for management and one work package to manage dissemination,

communication and explotation.

3. Expected outcomes/impact

The following main tasks shall be taken as backbone to propose the planning of the project.

At the end of the project answers to following important questions shall be part of the outcome:

o What are the key risks and challenges for “hybrid electric radical architecture” fixed wing aircraft
developing the main technologies by “up-scaling” over a wide range of vehicle sizes?

o Which parts of the regulations FAR23 and FAR 25 are of particular relevance for the chosen
“upscaling development” approach for technologies and architectures. Which part of future hybrid
electric radical aircraft development considered as critical is not tackled?

o Which are the key requirements of infrastructure around the aircraft operation that must be
considered when scaling technologies?

Tasks
Ref. No. | Title - Description Due Date
T-01 Establishment of a scheme of five reference vehicles representing a typical | TO + 6M
aircraft from GA, Commuter, Regional Aircraft, Short and medium range
large passenger aircraft with simplified state of the art technologies and
aircraft architecture. Establishment of representative cases of aircraft
operations for each vehicle class
T-02 Establishment of a table of radical aircraft target technology to be TO+ 10M
implemented at small aircraft level (GA) then to be developed by upscaling
T-03 Identification of KPIs / key criteria to measure / assess during the project. TO + 10M
Create a reference case for the economic and operational viability study
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Ref. No. | Title - Description Due Date
T-04 Compile, compute and analyse data for key target technologies (hybrid TO + 18M

electric propulsion, non-drop in fuel, autonomous flight) with respect to
the scaling required to fit into short-medium range large passenger
aircraft. Cross check with requirements of currently valid regulations.
Identification of limits and switching points.

T-05 Establish complementary requirements with respect to architecture TO +21M
around the aircraft (airport, fuel, batterie, part supply, other ground
support, essential navigation aids and equipment)

T-06 Identification of important cross-over points for system architectures and TO+21M
technology approaches and potential consequences for requirements on
infrastructure and operation.

T-07 Analysis and discussion of potential impact on certification and TO + 26M
requirements impact. This should specifically contain considerations on
how to achieve large transport aircraft safety for regional and commuter
aircraft without simply copy and pasting all regulatory requirements.

T-08 Assess the economic and operational viability of the radical hybrid-electric | TO + 28M
aircraft concept for the vehicle classes Commuter, Regional Aircraft and
Short and Medium Range large commercial aircraft. Use the assumption
made for the opportunities and limitations of the up-scaling development
and the requirements and limitations derived.

T-09 Propose opportunities of additional synergies of cross vehicle class TO + 30M
development — not yet considered in “up-scaling development”

4. Topic special conditions

Special conditions apply to this topic:

e Page limit:

The limit for a full proposal answering a Thematic Topic is 30 pages in total, see proposal template B.I.

e Scoring and weighting:

For Thematic Topics: to determine the ranking, the score for the criterion ‘excellence’ will be given a
weight of 1.5.

e Number of winning proposals:
Under the Thematic Topics, more than one proposal per topic may be funded.
o Admissibility:
Standard admissibility conditions and related requirements as laid down in Part B of the General Annex
of the Work Programme shall apply mutatis mutandis with the following additional condition(s)
introduced below:

o The 16 Leaders of JU listed in Annex Il to Regulation n° (EU) No 558/2014 and their

affiliates® may not apply to the topics listed in this call text document.

% See the definition under Article 2.1 (2) of the H2020 Rules for Participation
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