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Annex III: 7th Call for Proposals (CFP07) List and Full Description of Topics Call Text [PP1] - September 2017 -



The present preliminary version of the Call Text is released for information only and addressed to any interested party prior to the official launch of the Call anticipated in November 2017. The final call text document serving as the foundation for any application to this Call will be published via the H2020 Participant Portal. The content is a non-legally binding preliminary version and may still be subject to modifications until its official publication.



Revision History Table Version n° Issue Date



Reason for change



PP1



Pre-publication of the preliminary version of the Call text [via the CSJU Website]



22/09/2017



Important notice on Q&As Question and Answers will open as from the Call Opening date (mid-November 2017) via the Participant 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 address will be published on the Participant Portal of the European Commission. Note that questions received up until 15/01/2018, 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: 15/11/2017, 15/12/2017 and 26/01/2018 (estimated dates). The Q/As will made available via the Participant Portal of the European Commission. CfP07 Info Day(s) More Information available on the Clean Sky 2 website: www.cleansky.eu
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1. 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 Chapter “3.3. Call management rules” of the Work Plan 2018-2019” [R1].
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2. Overview of number of topics and total indicative funding value per SPD SPD Area ESIF CSA



No. of topics proposed per 1



Ind. topic Funding (M€) 0.50



IADP Large Passenger Aircraft



14



15.67



IADP Regional Aircraft



6



7.55



IADP Fast Rotorcraft



2



4.25



ITD Airframe



16



14.40



ITD Engines



15



16.30



ITD Systems



18



14.80



Small Air Transport (SAT) Transverse Area* ECO Transverse Area



[3]



[2.90]



NA



NA



Technology Evaluator



1



0.20



TOTAL



73



73.67



Note: Figures in brackets indicate that these activities are identified as having benefits for the Transverse Areas i.e. SAT and ECO Design but which launch and budget reside inside the concerned SPDs and not in the Transverse Areas as such.



CFP07 Call Text (preliminary version) [PP1] – September 2017



7



3. Summary List of Topics Identification Code



JTI-CS2-2017-CfP07CS2-CSA-01 JTI-CS2-2017-CfP07CS2-CSA [TOTAL] JTI-CS2-2017-CfP07LPA-01-36 JTI-CS2-2017-CfP07LPA-01-37 JTI-CS2-2017-CfP07LPA-01-38 JTI-CS2-2017-CfP07LPA-01-39 JTI-CS2-2017-CfP07LPA-01-40 JTI-CS2-2017-CfP07LPA-01-41 JTI-CS2-2017-CfP07LPA-01-42 JTI-CS2-2017-CfP07LPA-01-43 JTI-CS2-2017-CfP07LPA-01-44 JTI-CS2-2017-CfP07LPA-01-45 JTI-CS2-2017-CfP07LPA-01-46 JTI-CS2-2017-CfP07LPA-02-22 JTI-CS2-2017-CfP07LPA-03-13



Title



Communication and Networking the Regional Aeronautics Ecosystem



Type of Value Action (Funding in M€) CSA 0.50



1 topic



Topic Leader



CS2JU



0.50



Innovative design for reliable and low weight power gearbox planet bearings Next Generation Low Pressure Turbine airfoils by ALM



IA



0.75



GE Avio



IA



0.80



GE Avio



Advance Nacelle Aerodynamic Optimisation



RIA



2.20



Rolls-Royce



Skin Friction measurements on a real aircraft and Fiber-optics based pressure measurements for aircraft applications Novel mechanical drive disconnect for embedded Permanent Magnet machines Advanced manufacturing for MW range power dense electrical machines for aerospace applications Development of power electronic technologies for >1kV aerospace applications Pulsating Heat Pipe (PHP) modelisation & characterisation



IA



0.62



RIA



1.10



Airbus Operations GmbH Rolls-Royce



RIA



0.60



Rolls-Royce



IA



1.30



Rolls-Royce



RIA



1.50



Liebherr



Quick Disconnect System



IA



0.60



High Performance Generation Channel Integration



IA



0.80



Intelligent Power Module



IA



0.60



Development of a full size automated plant system for fuselage longitudinal and circumferential joints Design and development of smart sensors for detection of human cognitive states implementable in cockpit environment



IA



2.50



Safran Electrical & Power Safran Electrical & Power Safran Electrical & Power Fraunhofer



IA



0.80



Honeywell International



JTI-CS2-2017-CfP07- Innovative validation methods and tools for FMS LPA-03-14 JTI-CS2-2017-CfP07- 14 Topics LPA [TOTAL] JTI-CS2-2017-CfP07- Full scale innovative composite frames and shear ties for Regional REG-01-11 Aircraft Fuselage barrel on-ground demonstrators. JTI-CS2-2017-CfP07- Full scale innovative composite doors, surrounds and sub-structure for REG-01-12 Regional Aircraft Fuselage barrel on-ground demonstrators JTI-CS2-2017-CfP07- Full scale Innovative composite windows frames for Regional Aircraft REG-01-13 Fuselage barrel on-ground demonstrators JTI-CS2-2017-CfP07- Full scale innovative composite pax and cargo floor grids for Regional REG-01-14 Aircraft Fuselage barrel on-ground demonstrators JTI-CS2-2017-CfP07- Innovative Primary and Secondary Electrical Distribution Network for REG-01-15 Regional A/C



IA



0.90



Thales Avionics
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15.67 IA



2.10



Leonardo Aircraft



IA



1.60



Leonardo Aircraft



IA



0.68



Leonardo Aircraft



IA



1.20



Leonardo Aircraft



RIA



1.40



Leonardo Aircraft
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Identification Code



Title



JTI-CS2-2017-CfP07- Technological readiness at the operational level for additive REG-02-04 manufacturing in primary structure and large size components JTI-CS2-2017-CfP07- 6 Topics REG [TOTAL] JTI-CS2-2017-CfP07- Full scale High speed aerodynamics characteristics of the Civil Tilt Rotor FRC-01-16 JTI-CS2-2017-CfP07- Innovative flotation methodologies (system) for tilt rotor FRC-01-17 JTI-CS2-2017-CfP07- 2 Topics FRC [TOTAL] JTI-CS2-2017-CfP07- Finalize and improve the manufacturing of the model of a laminar wing AIR-01-30 configuration bizjet (LSBJ) JTI-CS2-2017-CfP07- Evaluation of the benefits of a laminar nacelle and a laminar HTTP AIR-01-31 installed on a bizjet configuration JTI-CS2-2017-CfP07- Prototype Tooling for manufacturing composite stiffened panel for a AIR-01-32 business jet lower wing JTI-CS2-2017-CfP07- Flexible RTM tool concept for composites with spring back adjustments AIR-01-33 capabilities JTI-CS2-2017-CfP07- Development of innovative aluminium filler wire based manufacturing of AIR-01-34 aeronautic components and structures JTI-CS2-2017-CfP07- Development of an eco-friendly selective stripping for exterior surfaces AIR-01-35 of airframe structures JTI-CS2-2017-CfP07- Hybrid Aircraft Seating Manufacturing & Testing AIR-01-36 JTI-CS2-2017-CfP07- Light weight, certifiable airframe structures through combination with AIR-02-51 high performance materials JTI-CS2-2017-CfP07- Helicopter carbon composite engine deck AIR-02-52 JTI-CS2-2017-CfP07- Innovative & Flexible pilot plant Means for highly integrated AFP infusion AIR-02-53 wing box aiming at flying demonstrator manufacturing JTI-CS2-2017-CfP07- Seals for FTB#2 Wing with Additive Manufacturing Technologies AIR-02-54 JTI-CS2-2017-CfP07- Thermal conductive coating providing self-limitation of heating power at AIR-02-55 a selected temperature level JTI-CS2-2017-CfP07- Advanced Integrated Testing Methods development AIR-02-56 JTI-CS2-2017-CfP07- Tests and Modelling for reliability characterization and robustness of AIR-02-57 optoelectronic transceivers for optical SHM systems JTI-CS2-2017-CfP07- Optimization of hybrid joining (Refill Friction Stir Spot Welding + adhesive AIR-02-58 bond) for increasing mechanical properties and corrosion protection of the joints [SAT] JTI-CS2-2017-CfP07- Breakthrough design concept solutions and technologies for Regional AIR-02-59 Aircraft Cabin Interiors innovative configuration JTI-CS2-2017-CfP07- 16 Topics AIR [TOTAL] JTI-CS2-2017-CfP07- Improvement of high speed low pressure turbine performance through ENG-01-23 reduction of secondary effects
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Type of Value Topic Leader Action (Funding in M€) RIA 0.57 Airbus Defence & Space 7.55 RIA



3.50



RIA



0.75



Leonardo Helicopters Leonardo Helicopters



4.25 IA



0.90



Dassault Aviation



RIA



1.50



Dassault Aviation



IA



0.60



Aernnova



RIA



1.40



SAAB



RIA



0.50



LORTEK



IA



0.60



IA



0.90



Hellenic Aerospace Industry Fraunhofer



IA



0.50



Airbus Helicopters



IA



0.50



Airbus Helicopters



IA



2.50



IA



0.40



IA



0.60



Airbus Defence & Space Airbus Defence & Space Airbus



IA



1.20



Airbus



RIA



0.90



Airbus



IA



0.90



PZL Mielec



RIA



0.50



Leonardo Aircraft



14.40 RIA



2.00



Safran
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Identification Code



JTI-CS2-2017-CfP07ENG-01-24 JTI-CS2-2017-CfP07ENG-01-25 JTI-CS2-2017-CfP07ENG-01-26 JTI-CS2-2017-CfP07ENG-01-27 JTI-CS2-2017-CfP07ENG-01-28 JTI-CS2-2017-CfP07ENG-01-29 JTI-CS2-2017-CfP07ENG-01-30 JTI-CS2-2017-CfP07ENG-01-31 JTI-CS2-2017-CfP07ENG-02-06 JTI-CS2-2017-CfP07ENG-02-07 JTI-CS2-2017-CfP07ENG-02-08 JTI-CS2-2017-CfP07ENG-03-20 JTI-CS2-2017-CfP07ENG-03-21 JTI-CS2-2017-CfP07ENG-03-22



Title



Crowned spline surface treatment and modelling



JTI-CS2-2017CfP07-SYS-01-09 JTI-CS2-2017CfP07-SYS-01-10 JTI-CS2-2017CfP07-SYS-02-36 JTI-CS2-2017CfP07-SYS-02-37



Topic Leader



Safran



Gearbox bearing design & testing



RIA



1.00



Safran TS



Innovative acoustic fan frame liners technologies for UHBR



RIA



2.00



Safran AE



Composite process modelling and net-shape, complex geometry RTM tool design Innovative HPC Flow Treatment Technologies: Design & Experimental Validation Using Advanced Measurement Techniques Characterization of the resistance of TiAl turbine blades to impact



RIA



0.70



GKN



RIA



0.80



GEDE



RIA



0.55



Safran HE



Numerical and experimental study of high speed radial flow compressors



RIA



0.45



Safran HE



Unsteady pressure sensor for high pressure and hot environment



RIA



0.30



Safran HE



Experimental investigation of aerodynamic and heat transfer properties for a next generation turbine frame and nozzle Aircraft design and noise assessment for a regional application



RIA



0.80



GKN



RIA



0.40



MTU



Optimization of TiAl CALPHAD databases of respective material systems



RIA



1.00



MTU



Emissions prediction for very large bypass ratio turbofans



RIA



1.80



Rolls-Royce



Novel Bearings



RIA



2.50



Rolls-Royce



IA



1.50



ITP



Development and validation of a Powder HIP route for the manufacture of the UltraFan® Demonstrator IP Turbine casing from high temperature material allowing product enhancements at significantly lower costs and environmental footprint JTI-CS2-2017-CfP07- 15 Topics ENG [TOTAL]



JTI-CS2-2017CfP07-SYS-01-07 JTI-CS2-2017CfP07-SYS-01-08



Type of Value Action (Funding in M€) RIA 0.50



16.30



Development of a system for pilot eye gaze and gesture tracking in IA the cockpit environment Application of machine learning techniques to enableenhance IA aircraft performances database and facilitate mission optimization objectives Obstruction detection Sensor for Modular surveillance active IA Trajectory check improvement Development of 94 GHz (W-band) Radar Components RIA



0.70



TAV



0.60



TAV



0.85



TAV



1.75



SAAB



Advanced Load Sensing technology for aerospace applications



IA



0.70



LLI



Development of a new backup electronics unit for Smart Inceptor



IA



0.90



SE&D
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Identification Code



JTI-CS2-2017CfP07-SYS-02-38 JTI-CS2-2017CfP07-SYS-02-39 JTI-CS2-2017CfP07-SYS-02-40 JTI-CS2-2017CfP07-SYS-02-41 JTI-CS2-2017CfP07-SYS-02-42 JTI-CS2-2017CfP07-SYS-02-43 JTI-CS2-2017CfP07-SYS-02-44 JTI-CS2-2017CfP07-SYS-02-45 JTI-CS2-2017CfP07-SYS-03-13 JTI-CS2-2017CfP07-SYS-03-14 JTI-CS2-2017CfP07-SYS-03-15 JTI-CS2-2017CfP07-SYS-03-16



Title



Ergonomic impact and new functions induced by Active Inceptor integration in cockpits Development of a High Voltage Lithium Battery



Type of Value Action (Funding in M€)



Topic Leader



IA



0.60



SE&D



RIA



0.50



DAV



Development of low insertion/extraction force electrical connecting device Development of methodology and tools based on advanced statistics applied to Electro Magnetic Compatibility analysis of cable harnesses in aeronautics Development of low rating and high power HVDC optimized fuses



IA



0.60



SE&P



IA



0.70



SE&P



IA



0.50



ZEL



Design and Development of a high temperature HVDC busbar



IA



0.50



ZEL



Cabin air quality and passenger comfort



RIA



1.20



UTRC-I



Development of a Foreign Object Debris (FOD) protection device applied to an electrical ECS fresh air inlet. Electro-Mechanical Brake actuation for Small Aircraft [SAT]



IA



1.50



LTS



IA



1.00



PAI



Development of Digital Integrated Multifunction Probe for Air Data Sensing [SAT] Super hydrophobic and erosion resistant coating for turbine scroll and downstream pipe Aircraft mission modelling: ground and flight operations



IA



1.00



PAI



RIA



0.70



LTS



IA



0.50



UTRC-I



JTI-CS2-2017-CfP07- 18 Topics SYS [TOTAL] JTI-CS2-2017-CfP07- TE Technology diffusion model TE2-01-06 JTI-CS2-2017-CfP07- 1 Topic TE2 [TOTAL]
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14.80 RIA



0.20



DLR



0.20
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4. Clean Sky 2 - Synergies with ESIF (Cross-cutting CSA) I.



Communication and Networking the Regional Aeronautics Ecosystem



Type of action



CSA



Programme Area



Synergies with ESIF



Indicative Funding Topic Value (in k€)



500



Topic Leader



CS2JU



Duration of the action (in Months)



18



Indicative Start Date1



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-CS2JU-CSA01



Communication and Networking the Regional Aeronautics Ecosystem



Short description This CSA aims at strengthen more the cooperation and networking among the regional entities that have capabilities in aeronautics and to promote better the synergies with the European Structural Investment Funds (ESIF). Therefore, this CSA aims to establish a regional aeronautics platform which will bring together the SMEs, Universities, Research Centers and Clusters across Europe, leverage funds, broadcast to regional stakeholders about CS2 activities and promote relevant synergies.



1



The start date corresponds to actual start date with all legal documents in place.
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1. Background The Clean Sky 2 Joint Undertaking has been actively working with many regions to develop closer interaction with ESIF and to underpin smart specialisation strategies in the field of aviation. These synergies offer remarkable opportunities to help the Public-Private Partnerships/Joint Undertakings that were launched under Horizon 2020 to optimise their Strategic Research Agenda and achieve their goals. Clean Sky 2 (CS2) as one of the best succeeded JTI shows the largest impact among them, both in terms of SME participation and SME funding. Clean Sky 2 goals are to develop innovative, cutting-edge technology aimed at reducing aircraft fuel consumption, carbon emissions and noise levels. To maintain the global leadership, it’s essential to improve the competitiveness of European companies by strengthening the European industrial cooperation and the involvment of SMEs. This requires attracting SMEs in CS2 programmes facilitating their participation and business networking on CS2 field of activities and in CS2 calls for proposals as well as facilitating them also to propose bottom up solutions to industrial challenges. The challenges ahead require large industry, SMEs, Academia and Research to closely cooperate both for increasing production, on-time and on-quality and for developing innovative technologies as well as leverage break-through and disruptive innovation. Additionally, the competitiveness, viability and growth of the companies and particularly of the SMEs depends strongly on their ability to implement innovations and state of the art technologies into their products and services. However, because of their size it’s usually hard for them to maintain on a permanent basis R&D departments. On the other hand, Universities and Research Center are de facto entities performing research which, in several cases, is disconnected from the industrial needs and requirements. Therefore, a better communication and coordination between the stakeholders (SMEs, Academia, Research) at a local/regional/european ecosystem would be mutually beneficial and would help to better drive research towards the needs of the real economy, while at the same time foster the implementation of innovative ideas into existing or new products. The European aviation sector urgently needs to eliminate the existing hurdles to unleash the full production capacity of its regions and foster the innovation potential of the supply chain.



2. Scope of work The objective of this topic is to develop the networking and boosting the cooperation between SMEs and industry and exploit synergies between EU R&D&I programmes, National programmes, and ESIF programmes. In this context, the applicant should also investigate, plan and implement suitable tools and mechanisms to further foster the communication and collaboration between European SMEs, Universities, Research Centres and Clusters active in the field of Aeronautics and thus to increase the awareness of CS2 activities and promote and implement the synergies with ESIF. The proposed CSA aims to develop the concept and the tools for its implementation as well as to demonstrate its feasibility in the context of Clean Sky 2 and beyond. The CS2JU consider that proposal requesting a contribution from the EU of up to EUR 0.5 million would allow this specific challenge to be addressed appropriately. Nonetheless, this does not preclude submission and selection of proposals requesting other amounts.The indicative duration of the Coordination and Support Action is from 18 to 24 months.
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The applicant shall perform the following activities: Tasks Ref. No. WP1



WP2



WP3



WP4



WP5



Title – Description Management Body Creating a Network management body, including the interested and related parties. Mapping Mapping of the EU R&D&I programmes and funding schemes, National and regional programmes related to aeronautics or other closely linked specialization areas (such as advanced high-tech manufacturing) as well as of regional bodies, engaged to aeronautics activities. Set of Tools and mechanisms Propose a comprehensive set of tools and mechanisms (e.g. a web-based tool), to promote synergies between CS2 and regional players, create bottom-up initiatives and increase the awareness and interaction of the stakeholders (SMEs, Academia, Research, Clusters). These tools would facilitate, inter alia, the exploitation of the high class aeronautics research structures of the European Academia/Research as the virtual, on-demand “research departments” of the European SMEs. Vice versa, these tools and mechanisms should be also able to be used by Academy and Research when seeking SMEs, or to promote spin off activities and start-ups. Regional networking platform in Aeronautics Establishing a regional structured networking platform with the EU stakeholders (Industry, SMEs, Academia, Research Centres, and Clusters). Dedicated actions should be also addressed to facilitate the partnerships between the above stakeholders, strengthen the links with the CS2 leaders and promote the implementation of synergies with ESIF. These partnerships could also aim at fostering the interregional cooperation across Europe. Dissemination and communication Communication and dissemination activities should be proposed and organised in cooperation with CS2JU during the implementation phase. Additionally, the proposed CSA should demonstrate its feasibility in the context of CS2.
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Due Date M3



M6



M12



M18



M12-18



14



3. Impact The proposed action must contribute to increase the interaction among the SMEs, Academia, Research and Clusters in the field of CS2JU, facilitate their involvement in aeronautics activities in CS2 and beyond, and identify possible suitable areas for synergies with other EU financial instruments, such as ESIF. The number of SMEs in aerospace Supply Chain should benefit from this project. By increasing awareness and providing consulting services, the number of SMEs capable to engage in aeronautics and related technologies activities should also greatly increase. The following impacts are also expected to be addressed:  Enhanced synergies with ESIF for the interested aeronautical regions.  Increased collaboration between the relevant stakeholders and CS2 leaders.  Fostering the CS2 national/regional network.  Political support and commitment from national/regional stakeholders.  Spreading of innovation on aeronautics across Europe.  Increased awareness and communication of CS2 activities and programs.



4. Major deliverables and schedule (estimate) Deliverables Ref. No.



Title – Description



Type



Due Date



D1 D2



Description of Management body Mapping of the EU/national/regional programs dedicated to aeronautics and related technologies Comprehensive set of tools and mechanisms Description of the Aeronautics regional networking platform and list of the dedicated actions Communication and dissemination activities



Report Report



M3 M6



Report Report



M12 M18



Report



M12-18



D3 D4 D5



5. Special skills, Capabilities expected from the Applicant(s)   



The applicant shall have the capacity of coordination and support actions, as well as of dissemination and communication activities. The applicant shall have an extended knowledge of the European aeronautics landsacape. The applicant shall have the capacity to build networking activities/mechanisms and provide technical support to stakeholders.
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5. Clean Sky 2 – Large Passenger Aircraft IAPD I.



Innovative design for reliable and low weight power gearbox planet bearings Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.1.3.4.1



Indicative Funding Topic Value (in k€)



750



Topic Leader



GE Avio



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date2



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-36



Innovative design for reliable and low weight power gearbox planet bearings



Short description The key objective of this topic is to provide innovative design criteria for designing power gearboxes planet bearings in terms of base material, geometry and heat treatment, including residual stress profile. Minimal crack(s) may appear and/or develop beneath the raceway of the roller (cracks so small that are impossible to detect via Health Monitoring techniques in the driveline). Considering the presence of these defects, guidelines and best practices on optimal enhancement of the strength of the component as well as on the maximization of its reliability in service, shall be developed, to be applied in the early stage of the design and allowing for a robust design optimization. The applicant(s) shall build a comprehensive methodology for component sizing and required compressive stress field (produced by the hardening), confirming the results via a crack growth numerical analyses and by base material / rotating component tests with induced defects.



2



The start date corresponds to actual start date with all legal documents in place.



CFP07 Call Text (preliminary version) [PP1] – September 2017



16



1. Background New efforts are needed to achieve the ACARE goals for the year 2035 and – on a longer perspective – the 2050 targets of a 75% reduction in CO2 emissions, a 90% reduction in NOx emissions and a 65% reduction of the perceived noise in reference to engine performance of year 2000. Ultra-High bypass ratio engines have been identified as key enablers for a significant reduction in fuel burn and emissions. Whether in an open rotor or in a ducted geared engine configuration, the Power GearBox (PGB) is one of the key enablers for decoupling the LPT from the Fan/Rotor blades, allowing for an improved propulsive and thermodynamic efficiency of the entire system.



The epicyclical system is one of the most efficient mechanical design in order to increase the torque in through the power gearbox, which is desirable target. In particular, the epicyclical system is composed by three elements that rotate on the same rotational axis: an inner sun, the carrier - on which a variable number of planets is installed - and the ring. The sun meshes with the planets, and the planets mesh with the ring.



While the sun in general delivers the power in input, the output power may flow to either the carrier (“planetary” configuration), or the ring (“star” configuration). Both configurations have advantages and disadvantages. Keeping the tooth geometry fixed, the planetary configuration would deliver a higher reduction ratio, but the lubrication system of the planet bearings and the engaging meshes will have to rotate, making necessary the presence of an Oil Transfer Bearing (OTB). Moreover, the bearing will rotate on the planets that will have to withstand a centrifugal force field. The inertial motion of the bearing rollers may deliver to the system substantive forces, also to the planet rim. In a star configuration the inertial motion will be different and less straining, but nevertheless each roller passage will impose a cyclic stress on the rim material. CFP07 Call Text (preliminary version) [PP1] – September 2017
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The planet gear teeth will be subject to the periodic bidirectional meshing and fully reversed strain. Depending on the rim thickness (required to be as thin as possible to save weight) the strained area will encompass the whole fillet and root land. A failure mode may emerge as a result of a crack developing on the gear tooth. Due to geometry and severity of the defect, the crack may nucleate on the fillet or in the root, and propagate either to the inner tooth or to the rim. The former type of propagation would lead to the loss of the tooth and is less critical than the latter; moreover, due to common installation of magnetic particle detectors, the event may be discovered before a critical failure would occur. In the second case, instead, the crack on the rim would destroy the planet and eventually cause a failure of the whole power gearbox, potential loss of the aircraft and fatalities.



Currently the preliminary design of the planet is mainly driven by legacy experience and is verified using time consuming, high-fidelity assessments in the detailed design phase, allowing only for minor design modifications and a relatively limited iterative process. The objective of this topic is to improve the high level CTQs such as power density and reliability by defining innovative design criteria and methodologies to be eventually applied in the early stages of design, enabling a robust, topological optimization of the geometry and heat treatment procedure.
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2. Scope of work The topic proposes to perform a number of tasks using a phase and gate approach. The following tasks are proposed to structure the project: T1 Definition of design space The applicant(s) will receive as an input from the topic manager a baseline design configuration, ie: Planet gear and bearing geometry (ie gear geometry, roller type and configuration) Planet loads, speed Application inlet and scavenge temperature Material, heat treatment, hardness and residual stress scenario Size of defect to be considered The different inputs will be discussed (variation of the design parameters) and agreed between the applicant(s) and the topic manager prior starting the next phases. T2 Preliminary damage tolerance analysis The applicant(s) will perform a preliminary damage tolerance analysis for mapping the design space and assessing the various test article configurations. The applicant(s) will perform a high fidelity analysis using state of the art in-house or commercial software and data available in literature or provided by the topic manager, or by its own reference information and eventually by additional specimen testing, on either (or both) core material or hardened material specimen on specific load conditions. T3 Test articles design and manufacturing With the support of the topic manager, the applicant(s) will design the test articles representative of planet baseline configuration from T1, in terms of crack nucleation and propagation behaviour. The test articles, will be commonly approved between the topic manager and the applicant(s). they will then be procured or made available for testing by the applicant(s). After test, the results will be shared with the topic manager concerning the potential batches quality issues. The decision will commonly be made to decide whether tests articles pass or not the test criteria. T4 Test rig design and manufacturing, test plan definition The applicant(s) will use its own test facility to perform the test. He will present the means proposed to be used to check with the topic manager the capacities of suc a mean. The applicant(s) will explain whether the test means deserve any ugrade to exaustively cover the test plan and how to achieve this. The test rig shall be able to perform rotating test, where centrifugal field may be superimposed on planet rim. Moreover the temperature effect shall be taken into account. The test plan shall include the testing strategy, the instrumentation scheme, the pass and fail criteria. The test plan will commonly be approved by the topic manager and the applicant(s) prior start of test and modifciations if any. T5 Subscale Testing activity During the subscale testing activity a number of viable subscale elements will be tested according to the test plan, in order to demonstrate the effects of variation of design elements, as point of crack initiation, residual stresses, crack propagation direction and path, etc. Results shall be critically assessed considering the measurement errors, the variables involved and the number of performed tests through appropriate statistical methods CFP07 Call Text (preliminary version) [PP1] – September 2017
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The applicant(s) and the topic manager will commonly analyse the test preparation to confirm whether tests can proceed or not. The topic manager will be involved with the applicant(s) during the test phase. After the termination of all the tests, the applicant(s), together with the topic manager, will analyse the results, taking into account potential outliers and/or non-typical results. T6 Design criteria definition Starting from the results coming from previous tasks, relevant quantitative criteria shall be enucleated even with additional calculations, in order to be able to induce a non-catastrophic fracture on the gear body, depending on the geometry, the crack defect position, heat treatment effects as hardness and residual stress distribution and depending on load and speed. T7 Full scale test article design and manufacturing A full scale planet bearing design will be completed by the applicant(s) supported by the topic manager to demonstrate the criteria defined in T6. The applicant(s) will design and manufacture a dedicated test article. The applicant(s) and the topic manager will commonly analyse the test preparation to confirm whether tests can proceed or not T8 Full scale testing The full scale planet bearing will be tested through an appropriate test plan, commonly approved with the topic manager, for demonstrating the results derived in T6. The final tests aims at demonstrating maturity level TRL5 with the designed planet bearings.



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No. Title - Description Baseline configuration D1 Preliminary study D2 T/A definition D3 Test rig design D4 Test plan definition D5 Subscale testing results D6 Design criteria report D7 Full scale T/A design D8 Full scale test results D9



Type* R R R R R D R R D



Due Date T0+3 months T0+6 months T0+12 months T0+12 months T0+12 months T0+23 months T0+26 months T0+32 months T0+36 months



Type* HW HW HW



Due Date T0+17 months T0+17 months T0+32 months



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. Title - Description M1 Subscale T/A available M2 Test rig ready M3 Full scale T/A available *Type: R=Report, D=Data, HW=Hardware
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4. Special skills, Capabilities, Certification expected from the Applicant(s) The above mentioned requirements will be fixed in more details during the negotiation phase. This will also include the IP-process. Special Skills The applicant(s) shall describe its experience/capacities in the following subjects: Bearings: Extensive experience in development of bearings for high performance aerospace application. Proven experience in aerospace bearing development for equivalent applications. Proven experience in application of bearing technologies to gears and integration of bearing design with gears. Successful experience, with demonstrable benefits, of application of innovative technologies to gears is an asset. Availability of technologies at an high readiness level to minimize program risks is an asset. Proven experience in transient dynamic simulation of bearings. The applicant(s) needs to demonstrate to be in the position to have access to test facilities suitable to meet the Topic goals. Experience in aerospace R&T and R&D programs. Special Skills: Experience in Supply Chain management or Production (for T/As procurement) Experience in experimental testing and Statistical Methodologies (for Test Plan definition and execution).



5. Abbreviations CTQs LPT OTB PGB T/A IDS PWT



Critical to Quality Low Pressure Turbine Oil Transfer Bearing Power GearBox Test Article Integral Drive System Power Turbine
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II.



Next Generation Low Pressure Turbine Airfoils by ALM



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.1.3.4.1



Indicative Funding Topic Value (in k€)



800



Topic Leader



GE Avio



Type of Implementation Agreement Agreement



Duration of the action (in Months)



24



Indicative Start Date3



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-37



Next Generation Low Pressure Turbine Airfoils by ALM



Short description The development of new materials joined with the extensive use of new Additive manufacturing technologies are fundamentals enablers to develop high technology components such as LPT blades that will be installed on the next generation engines, characterized by reduced weight, increased reliability and performance. The main objective of this call is to develop and assess alloys by Powder Bed Additive process to be applied on Next Generation Low Pressure Turbine airfoils production. The definition of the chemical composition along with the optimization of the Additive process and heat treatment are the key activities that will be performed in order to obtain the optimal mechanical properties and producibility.



3



The start date corresponds to actual start date with all legal documents in place.
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1. Background The challenging environmental and operating goals for a sustainable and competitive aviation sector set by the ACARE Strategic Research and Innovation Agenda (SRIA) and Flightpath 2050 require radically new technologies for aircraft and engine with a particular focus for the ones that allow to reduce weight. In this sense Avio Aero wants to focus its effort on the development of flow-path lightweight components for low pressure turbine. To reach this objective, the development of new materials joined with the extensive use of new Additive manufacturing technologies are fundamentals enablers to develop high technology components that will be installed on the next generation engines, characterized by reduced weight, increased reliability and performance. Powder bed Additive Layer Manufacturing (ALM) techniques are processes consisting in depositing successive layers of powder and then fusing them to form objects based on 3D models. These technologies in concurrence with material suitable for high temperature applications allow to have more degrees of freedom during the airfoils design phase, adopting particular airfoil geometry that have significant impact in terms of weight, maintaining however the aerodynamic efficiency unchanged. Additive Manufacturing processes are suitable for superalloy used in aircraft engines characterized by high mechanical strength, corrosion/oxidation resistance and high creep strength. The powder chemistries have to guarantee all these characteristics with the addition of manufacturability by means of Additive process. In this scenario the development of the powder chemistry and process parameters are key elements in order to have both mechanical characteristics and manufacturability of the components by means of Additive techniques. Analytical models focused on the microstructure optimization of the components help in the definition of the powder chemistry and in the tuning of its related Additive manufacturing process. Powder characteristics can be customized based on the application and the required material properties.



2. Scope of work The aim of this proposal is to develop new materials for LPT flow path using powder bed based Additive Layer Manufacturing techniques. The focus will be on Titanium Aluminide that has been proven to be produced by Electron Beam Melting as well as on Nickel alloys for higher temperature capability through laser beam melting. The aim is to use both technologies to fabricate components and demonstrate the producibility in order to achieve a technology readiness level 3 (TRL3). The applicant(s) will perform a number of tasks using a phase and gate approach as described within this section. Task 1: Management. This task will make sure that a suitable framework agreed with the Topic Manager is in place throughout the entire duration of the project, allowing an effective management and execution of the action. The activity will be managed with a Phase & Gate approach and management plan will be elaborated to describe this in edtails. The Topic Manager will paticipate in gate reviews during when common decision will be made with the applicant(s) to proceed with subsequent tasks in the light of the results achieved. Task 2: Development of an enhanced Titanium Aluminide by Electron Beam Melting CFP07 Call Text (preliminary version) [PP1] – September 2017
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This task will be focused on the development of a modified version of Ti 48Al-2Cr-2Nb, suitable for Electron Beam Melting process aimed to increase the mechanical performances in terms of creep and ductility without negatively impacting the fatigue properties. Task 2.1: Chemistry optimization After a preliminary screening of candidate compositions, the applicant(s) will provide the Topic Manager with a proposal of the 3 most promising compositions motivating the choices. The selected compositions will be commonly approved between the topic manager and the applicant(s). Task 2.2: Production of specimens and basic analysis The applicant(s) will produce specimens using powder with the compositions identified in Task 2.1. Process parameters shall be defined to ensure material integrity and samples will be produced accordingly. Heat treatment sensitivity study will be performed to evaluate the impact of heat treatment parameters on microstructure. Chemical analysis will be performed to understand the effect of the melting process on lighter elements and correlation between microstructure and chemistry shall be evaluated. Task 2.3: Mechanical test for selecting the final composition. Selection of the final chemistry will be done through mechanical testing on specimens obtained with parameters defined in Task 2.2. The tests tobe performed are: - Tensile tests at room temperature and at high temperature up to 870°C; - Stress rupture tests performed at high temperature up to 820°C; - Low cycle fatigue tests performed at room temperature and at high temperature up to 760°; - Fatigue crack growth tests A detailed test plan shall be agreed between the Topic Manager and the applicant(s). Thermal stability characterization will be performed as well to assess the effect of high temperature long term-exposure on microstructure and mechanical properties. Task 2.4: Manufacturing and assessment of representative LPT blade(s) The Topic Manager will provide the 3D model of a representative LPT blade that the applicant(s) will produce. Components quality will be evaluated by assessing the uniformity of the microstructure, chemistry, microporosity and mechanical properties through Destructive Tests. The Cut-Up scheme for the Destructive Tests will be provided by the Topic Manager. The representative LPT blade will be produced with the composition selected in task 2.3. Additional representative LPT blades will also be produced with the alternative two compositions defined in task 2.1. Task 2.5: Process simulation The applicant(s) will develop a model tailored on Titanium Aluminide by Electron Beam Process to predict the properties of the materials in terms of final chemistry and microstructure. Task 3: Development of Laser Beam Melting Ni-base Alloys for High Temperature applications. This task will cover the development of two Nickel-base Alloys for High Temperature applications.
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Task 3.1: Heat Treatment parameters set-up. The Topic Manager will provide the initial set of process parameters for two Nickel-base Alloys for High Temperature applications. The applicant(s) will assess and define the optimal melting parameters in order to improve the quality of the final processed material. For both alloys, heat treatment conditions will be defined in order to optimize component quality and performance. Microstructural and chemical analysis will be done on specimens to assess the effect of heat treatment on material. Task 3.2: Feasibility material curve definition. For both alloys, mechanical and thermal stability characterization will be performed on specimens obtained from representative coupons in the heat treated conditions as defined in task 3.1. The tests to be performed are: - Tensile tests at room temperature and at high temperature up to 980°C; - Tatigue tests, LCF performed at room temperature and at high temperature up to 930°C and HFC tests done at room temperature; - Stress rupture tests performed at high temperature up to 930°C; - Fatigue crack growth tests. A detailed test plan shall be agreed between the proposal and the applicant(s). Thermal stability characterization will be performed to assess the effect of high temperature long termexposure on microstructure and mechanical properties. Specimens with as-built surfaces shall be produced and tested to verify the impact of surface roughness on fatigue resistence. An assessment and statistical evaluation of typical process defect will be carried out together with the evaluation of the impact of such defects on mechanical properties. Task 3.3: Manufacturing and assessment of representative LPT hollow blade For both alloys, the Topic Manager will provide the 3D model of a representative LPT hollow blade that the applicant(s) will produce. Components quality will be evaluated by assessing the uniformity of the microstructure, chemistry, microporosity and mechanical properties through Destructive Tests. The Cut-Up scheme for the Destructive Tests will be provided by the Topic Manager. Task 3.4: Surface finishing investigation The applicant(s) will investigate different post processing options for improving the surface roughness and will perform trial to verify the effectiveness on geometry-representative coupons. The more promising methods will be tested for fatigue and compared against machined and as-built specimens.
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3. Major Deliverables/ Milestones and schedule (estimate) Deliverables Ref. No. Title - Description Management Report D1 Chemistry optimization and HT set-up Report for enhanced D2 TiAl by Electron Beam Melting Materials Characterization Report for enhanced TiAl by D3 Electron Beam Melting Process simulation Report D4 Assessment of the representative TiAl LPT blade(s) D5 Materials Characterization Report for Ni-base Alloys by Laser D6 Beam Melting Surface finishing Report for Ni-base Alloys by Laser Beam D7 Melting Assessment of the of the representative Ni-based LPT hollow D8 blades



Type* R R



Due Date T0 + 24 months T0 + 6 Months



R



T0 + 15 months



R R R



T0 + 16 months T0 + 20 months T0 + 15 months



R



T0 + 20 months



R



T0 + 24 months



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. Title - Description Ti-Al composition candidates selected M1 Mechanical properties available for enhanced TiAl by M2 Electron Beam Melting Mechanical properties available for Ni-base Alloys by Laser M2 Beam Melting Representative TiAl LPT blade(s) available M3 Representative Ni-based LPT hollow blades available M4



Type* R D



Due Date T0 + 6 months T0 +18 months



D



T0 + 15 months



HW HW



T0 + 20 months T0 + 20 months



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s) The applicant(s) shall demonstrate its experience/capacities in the following subjects: - Extensive and proven experience in design, development and validation of high technology aerospace materials (in particular with materials suitable for LPT Turbine) through Additive Manufacturing is mandatory. - Proven experience on Titanium Aluminide is mandatory. - Extensive experience in materials characterization for high temperature application in terms of chemical composition and mechanical properties. - have access to the facilities required to meet the Topic goals (e.g. ALM machines). Preferably, he will have access to Metallurgical Laboratory and Mechanical test facilities certified following the international certification standards (as required for aeronautical application, e.g. Nadcap certification). - Experience in aerospace R&T and R&D programs is an asset.
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5. Abbreviations ALM HCF HT LCF LPT R&D R&T TRL



Additive Layer Manufacturing High-Cycle Fatigue Heat Treatment Low-Cycle Fatigue Low Pressure Turbine Research & Development Research & Technology Technology Readiness Level
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III.



Advance Nacelle Aerodynamic Optimisation



Type of action (RIA or IA)



RIA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.5



Indicative Funding Topic Value (in k€)



2200



Topic Leader



Rolls-Royce plc



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date4



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-38 Advance Nacelle Aerodynamic Optimisation Short description Design & develop innovative ' short ' and ' slimline ' nacelle fan cowls, optimised using the latest numerical analysis techniques to explore new areas of the design space, with the goal of maximising aerodynamic performance for the UltraFan® engine. Verify the optimisation by testing several designs, both at design point and ' off-design ' ( Mn range 0.3 to 0.9 ), employing advanced aerodynamic measurement techniques to provide data from which the design methods can be validated.



4



The start date corresponds to actual start date with all legal documents in place.
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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 fan cowl ( here on in referred to as nacelle ) size & weight if conventional nacelle design rules are followed. The increase in nacelle drag will significantly diminish the fuel burn gains that can be realised from the more efficient engine cycle. Current standard nacelle design rules require the adoption of a length to diameter ratio for a single design point to ensure that significant shock wave drag is avoided at the cruise design Mach No. ( Mn ), and to prevent a significant rise in spillage drag as thrust and hence engine airflow is reduced through the cruise mission. Adoption of a novel philosophy of designing for the lowest integrated mission drag utilising smaller nacelles by allowing controlled levels of wave and spillage drag will enable the adoption of more compact nacelles. A further benefit of more compact UltraFan® nacelle designs will be the enhanced ability to efficiently install the nacelle closer coupled with the wing for low aircraft drag, further enhancing the targeted drag reduction. A more compact nacelle design closer coupled to the wing will also enable structural efficiency and weight saving opportunities. Latest advances in automated multipoint, multi-objective numerical design optimisation, combined with latest Computational Fluid Dynamics ( CFD ) drag prediction techniques and advanced parametric geometry definition will need to be brought together to enable these novel short and slim nacelle fan cowls to be investigated. The outcome will be new design rules for mission optimised nacelles for the latest UltraFan® engines. Multipoint optimisation for an integrated mission will enable optimum nacelle pressure distribution to be identifed both to minimise profile and skin friction drag, and also control the supersonic regions on the nacelle forebody. Identifying novel optimum surface pressure distributions which can control the point where significant shock wave drag occurs will be a key enabler for short and slim nacelles of reduced size. Adopting a novel multipoint, lowest mission drag, design approach will require enhanced understanding of the non-linear drag behaviour of nacelles when shock wave and spillage drag occurs, to calibrate the CFD methods for these novel nacelle designs, and to verify the mission optimised short and slim nacelle philosophy. The enhanced understanding of short and slim UltraFan® nacelles and development of new verified design rules for 3D nacelles will enhance the performance gains for UltraFan® engines. In addition to the cruise design point it will be important to consider the drag of a windmilling engine both under cruise diversion and end of runway take off conditions to ensure the new designs can meet key offdesign requirements. The aim of this programme is thus to apply the latest multipoint, multi-objective design optimisation techniques to enable new design opportunities to adopt short and slim nacelles for UltraFan® applications. Nacelle design should be developed for long range applications for Mach 0.85, and Mach 0.80 for medium range applications. It is envisaged that the nacelles will be 3D designs, and that the optimum designs from the multi-objective design space exploration will be down selected for verification wind tunnel testing to validate the new design space and mission drag approach. Installed CFD should be conducted to ensure that the projected drag benefits can still be realised in a representative installed configuration with the wing and pylon pressure field. CFD studies should also be condicted to identify the feasibility of simulating installed pressure field effects on the verification testing.
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Testing of three to five nacelle geometries is anticipated utilising a proven wake momentum traverse technique. To ensure the drag opportunities are fully understood and to maximise the opportunities for CFD validation, enhancements in the wake momentum drag measurement resolution for nacelle performance is desired. In addition the application of novel measurement techniques to aid the understanding of non linear nacelle aerodynamic behaviour, to maximise CFD validation opportunities, (supersonic flow and spillage friction Cf), is significantly advantageous. A programme to enable novel mission-optimised short and slim nacelles will provide:  Validated aerodynamic design rules for short and slim nacelles.  Verification of novel mission optimised drag approach, using novel multipoint multi-objective optimisation techniques.  Evaluation of further drag improvements of installed short and slim nacelles relative to conventional designs.  Transonic wind tunnel test to validate novel short and slim nacelle design space, with enhanced drag measurement resolution.  Adoption of novel measurement techniques for nacelle flow evaluation to enhance understanding of flow physics for CFD validation.  Evaluation of off design windmill behaviour.  CFD study to evaluate the Installed drag benefits relative to conventional nacelles.



2. Scope of work Tasks Ref. No. 1 2 3 4 5



Title - Description



Due Date



Multipoint design and Optimisation of short and slim nacelles Downselect of novel drag measurement enhancements and wing pressure field simuation feasibility Design and manufacture nacelle wind tunnel models, incorporating advanced instrumentation Conduct Transonic wind tunnel test to provide a validation database of novel short and slim design space Installed Validation of CFD short and slim nacelle design methods, and generation of design rules



T0 + 12 months T0 + 12 months T0 + 18 months T0 +24 months T0 +36 months



Task 1  Application of latest multipont optimisation techniques, (CFD, geometry tools) to identify mission optimised short and slim nacelle designs for UltraFan® applications.  Determine optimum nacelle configurations for novel short and slim design space for Mn 0.85 and Mn 0.80 cruise. Task 2  Study to downselect enhanced and novel measurement techniques for transonic nacelle aerodynamic flow measurement, to enhance understanding for CFD method verification.  Study to determine feasibility of novel test features to perturb test conditions to represent installed pressure wing pressure field. CFP07 Call Text (preliminary version) [PP1] – September 2017
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Task 3  Design and manufacture wind tunnel models, incorporating advanced instrumentation to verify optimum short and slim nacelle designs. Task 4  Conduct Transonic wind tunnel test to provide a validation database of novel short and slim design space. Task 5  CFD study to confirm the performance of the advanced short and slim nacelle concepts in an installed cruise configuration.  Validation of CFD drag prediction and design optimisation process against wind tunnel data.  Produce design rules and guidelines for novel short and slim nacelles.



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No. D1 D2



Title - Description



Type*



Due Date



Work Plan for all tasks



Plan



Nacelle geometry definition for wind tunnel test.



CAD model + report Report



T0 + 12 months



Hardware



T0 + 18 months



Data



T0 + 24 months



T0+2 months



D5



Wind tunnel nacelle novel measurement technique evaluation summary Wind tunnel model manufacture and rig measurement upgrade wind tunnel test and pre test CFD prediction



D6



Installed CFD short and slim nacelle benefits



Report



T0 + 24 months



D7



Post precessing of wind tunnel results



Report



T0 + 30 months



Report



T0 + 36 months



D3 D4



D8



®



Design rules for Short and Slim UltraFan nacelles



T0 + 12 months



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title - Description



Type*



M1



Work Plan agreed



Report



T0 + 2 months



M2



Short and Slim nacelle Design downselect



Review



T0 + 12 months



Review



T0 + 14 months



M4



Model and instrumentation definition for manufacture Wind tunnel test model manufacture complete



Hardware



T0 + 18 months



M5



Wind tunnel test complete



Data



T0 + 26 months



M6



Installed CFD evaulation complete



Report



T0 + 36 months



M3



Due Date



*Type: R=Report, D=Data, HW=Hardware
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4. Special skills, Capabilities, Certification expected from the Applicant(s) This package of work will require expertise in the application of multipoint, multi-objective design optimisation to underwing high bypass ratio turbofan nacelles, with the proven ability to rapidly generate aerodynamic quality parametric nacelle designs, and analyse them using CFD methods that are already validated against measured conventional nacelle configurations from the same facility to be utilised for the Advanced Nacelle test. To verify that the benefits of a short and slim nacelle can be maintained in a representative installed environment, proven ability to conduct installed nacelle CFD analysis benchmarked against industry standard test cases is required. Wind tunnel test verification will require testing at transonic speeds, on models >300mm diameter, in a tunnel with working section > 2.4 m x 2.4m, in the Mn equals 0.3 to 0.9 range. It is anticipated that a proven wake momentum traverse approach will be utilised but enhancement of the near wall wake region will be required to enhance measurement fidelity. Expertise to enable novel measurement techniques for nacelles to enhance understanding of surface pressure distributions and near wall boundary layer characteristics. These could include Dynamic PSP {pressure sensitive paint} for surface pressures, PIV {particle image velicometry} or LDA {Laser Doppler Annemometry} to evaluate near wall boundary layers, and novel techniques to assess surface skin friction to enable enhanced CFD validation. The applicant shall  Have substantial technical knowledge in the domain of the proposed tasks.  Proven expertise in underwing turbofan nacelle aerodynamic, advanced parametric geometry creation, multipoint multi-objective design optimisation and validated CFD analysis & drag extraction benchmarked against turbofan nacelle test cases from the facility proposed for the Advanced nacelle test.  Installed nacelle CFD experience, drag prediction benchmarked against industry standard research test case.  Demonstrated expertise in project participation, international cooperation, project and quality management  Proven achievement record showing knowledge is recognised in the scientific community  Proven ablity to conduct industry standard transonic wind tunnel testing (>2.4 m x 2.4m working section) of turbofan nacelles of > 300 mm diameter, with applied incidence.  Experience to develop and apply novel wind tunnel measurement techniques to enhance the understanding of nacelle drag behaviour.



5. Abbreviations CFD Mn CAD PSP Cf PIV LDA



Computational Fluid Dynamics Mach Number Computer Aided Design Pressure Sensitive Paint Local skin friction coefficient Particle Image Velocimetry Laser Doppler Anemometry
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IV.



Skin Friction measurements on a real aircraft and fiber-optics based pressure measurements for aircraft applications



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.5.3



Indicative Funding Topic Value (in k€)



620



Topic Leader



Airbus Operations GmbH



Type of Implementation Agreement Agreement



Duration of the action (in Months)



24



Indicative Start Date5



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-39



Skin Friction measurements on a real aircraft and fiber-optics based pressure measurements for aircraft applications



Short description The great challenge to validate our understanding of how flow control works during flight testing is driven by the necessity to get a clear view on a very complex 3D flow field close to the very critical aircraft stall. State-of-the art techniques like flow-cons and pressure taps give a limited view in terms of time and space on the surface. In addition time-resolving flow-field information is required near to the wall of the wing surface. For this, pressure sensing fiber-optic sensors have shown considerable potential to fulfil this need. For skin friction measurements, hot film sensors seem to be a good approach. This CfP should develop, mature, pre-test, apply these sensors for the flight test demonstration and post-process the data required to show technical readiness of flow control.



5



The start date corresponds to actual start date with all legal documents in place.
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1. Background The desire for both more ecologic and economic turbofan engines in civil aviation leads to increasing “Bypass Ratios” (BPR) and lower “Fan Pressure Ratios” (FPR). Associated with both are larger fan diameters along with larger engine nacelles. With increasing nacelle size, the engine integration under the wing of current conventional aircraft under development is already challenging but becomes even more challenging when novel aircraft configurations with highly integrated Ultra High Bypass Ratio (UHBR) engines are considered. This challenge is driven by two aspects: Firstly, at high angles of attack and low speeds current conventional aircraft with under-wing mounted engines are susceptible to local flow separation in the region inboard of the wing/pylon junction. This separation is triggered by interfering vortices originating from the engine nacelle, the slat ends etc. Secondly, with larger engine nacelles it becomes more difficult to ensure sufficient clearance between the nacelle and the runway for the aircraft on ground. To evade longer landing gear struts suffering from weight and space penalties as well as an increased level of landing gear noise, the engine is closer coupled to the wing. The close coupling requires slat-cut-backs in the region of the wing/pylon junction in order to avoid clashes of the deployed slat with the nacelle. These slat-cut-backs further exacerbate the risk of the aforementioned separation. Possible consequences are the degradation of the effect of movables and the reduction of maximum lift. The maximum lift coefficient for the landing configuration and the lift over drag ratio for the take-off configuration are directly related to the achievable payload or flight range. In current aircraft, the maximum local lift is significantly improved with strakes mounted on the inboard side of the engine nacelle. Yet, the aerodynamic effect of strakes is limited and for modern VHBR engines the problem of possible local flow separation persists, leaving further space for optimizing high-lift performance. With the upcoming introduction of highly efficient and more ecologic UHBR engines, slat-cut-outs will likely become larger and the problem will even become worse. To remedy this drawback Active Flow Control (AFC) based on pulsed air blowing with/without net mass flux as well as steady blowing with net mass flux, could be applied at the engine-wing junction. A major part of the necessary technology development is conducted in the work package “Applied Technologies for Enhanced Aircraft Performance” of Large Passenger Aircraft (LPA) Platform. The global objective is to mature and flight test this technology in order to demonstrate its aerodynamic effectiveness and to validate our understanding of the associated physical mechanisms. This is a crucial prerequisite for further industrialization of the technology. The great challenge to validate our understanding of how flow control works during flight testing is driven by the necessity to get a clear view on a very complex 3D flow field close to the very critical aircraft stall. In particular it is desired to understand the interaction of the AFC jets with the outer flow and the consequent impact of the flow manipulation on the wing surface. State-of-the art techniques like flow-cons and pressure tabs give a limited view in terms of time and space on the surface. The innovative in-flight PIV planned by the members provide mainly flow-field information perpendicular to the wing surface. In addition time-resolving flow-field information is required near to the wall of the wing surface. For this pressure sensing fiber-optic sensors have shown considerable potential to fulfil this need. For skin friction measurements hot film sensors seem to be the best approach. This knowledge would enable the members to transfer the gained experience during flight test both to other types of aircraft and to different areas of AFC application on the aircraft. This CfP should develop, mature, pre-test and apply high resolution measurement technique for skin friction and surface pressure on a test aircraft, realize the measurement and post-process the data. The measurements will be done at the wing upper surface downstream the pylon/wing junction to demonstrate and quantify the effect of active flow control on the flow behavior in this area. CFP07 Call Text (preliminary version) [PP1] – September 2017
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2. Scope of work The skin friction measurement technique applied on the aircraft shall be robust to cope with environmental conditions, like rain and changing air temperatures. The used technique shall indicate the value and direction of the skin friction, giving a clear indication about regions of attached and detached flow respectively. The request for high a time resolution of the measured values of skin friction is derived from the highly unsteady nature of the flow in this area with local separation. In addition to skin friction measurements, a series of pressure measurements is required in the area downstream the AFC location. The unsteady pressure measurements are mandatory due to the complex and unsteady nature of the flow with local separation. These unsteady pressure measurements should complement the skin friction measurements in the same area without influencing each other which calls for small-scale sensors with reduced or non-existent electro-magnetic interference. Further requirements include the robustness and low sensitivity of the devices w.r.t. environmental aspects such as changing air temperature or rain. Pressure sensing fiber-optic sensors have shown considerable potential to fulfill the requirements. A suitable sensitivity, resolution and range of measured values and time resolution shall be ensured for both measurement techniques. The time resolution of both measuring techniques shall be as such that the unsteady behavior of the flow in the regime close the wing stall will be captured. Therefore the measuring technique for skin friction shall enable a sampling rate of at least 1 kHz whereas the surface pressure measurement shall enable a sampling rate of at least 10 kHz. The installed sensors and wiring on the wing surface shall not disturb the flow to be measured in such a way, that the flow behavior is considerable biased or changed due to the installed sensors. The height of sensors of both techniques above the aerodynamic surface shall not exceed 2.5mm. An installation of the sensors and wiring should be possible without major mechanical processing of the aircraft wing. Tasks Ref. No.



Title - Description



Due Date



T3



Capturing of refined requirements for the skin friction and surface M2 pressure measurement technique for real aircraft Develop and mature the high resolution skin friction and surface pressure M8 measurement technique Proof of the concept using pre-testing of the techniques in a wind tunnel M10



T4



Installation of the measurement techniques on the aircraft



M12



T5



Realization of the measurement during the flight test



M18



T6



Data post-processing and analysis of the results



M24



T1 T2



Task 1: Capturing of the requirements for the skin friction and surface pressure measurement technique for real aircraft More details will be given w.r.t. the positions of the sensors, installation details on the aircraft, flight and ambient conditions and storage of the recorded data. Flight tests are conducted at Ma of 0.35 at altitudes in the range of 6000ft to 20000ft. Task 2: Develop and mature the high resolution skin friction and surface pressure measurement technique The measuring techniques are matured to meet the specific requirements for flight testing. Special emphasis shall be given to the installation of the sensors and the cable routing on the surface of the aircraft, to the CFP07 Call Text (preliminary version) [PP1] – September 2017



35



accuracy and robustness of the techniques, to the potential interference between the two techniques and to the data acquisition and storage. Task 3: Proof of the concept using pre-testing of the technique in a wind tunnel Task 3 will comprise a pre-testing of the techniques, proving the required accuracy, sensitivity and robustness of the sensors. A calibration of the sensors w.r.t. the absolute measured values and, in case of skin friction, also w.r.t. the flow direction shall be conducted. Any potential interference between the two different techniques during operation needs to be assessed during pre-testing. The facilities of the LSWT, Bremen, may be used to pre-test the sensors. Detailed definitions for the pretesting procedure will be given during execution of the project. Task 4: Installation of the measurement technique on the real aircraft An approximate region for the positioning of the sensors is given at Fig 1. However the exact positions of the sensors will be communicated during the execution of the project. There shall be a number of 20-25 sensors for each of the measurement techniques.



Proposed positions for the installation of the sensors



Figure 1: Sketch of the area for sensor installation Acquisition and storage of the measured data on the aircraft will be done by the consortium. It shall be assured, that time synchronization of the pots-processed data from both techniques is possible. The time needed for the installation of the sensors and the wiring on the aircraft shall not exceed 4 weeks. The installed measuring technique shall be removable and the dismantling of the sensors and wiring shall not result in damage on the aircraft skin. Task 5: Realization of the measurement during the flight test CFP07 Call Text (preliminary version) [PP1] – September 2017
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During flight test the consortium shall assure the correct and robust working of the installed technique, the data acquisition and storage of recorded data. In addition the applicant shall be able to replace damaged or not properly working sensors during the flight test phase. Having in mind the very complex flow at this region, it is expected to change the position of a certain number of sensors or to provide additional sensor position on the wing. The consortium shall provide a certain number of spare sensors and equipment to be able to execute the flight test in the planned time. Task 6: Data post-processing and analysis of the results After completion of the flight test, the measured data shall be post-processed and provided to the members. A final report shall be delivered, exhibiting time resolved and time averaged results. The report shall give also information about the accuracy of the data (error band) and possible biases of the data due to changing environmental conditions during the flight test campaign.



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No. Title - Description D1 Delivery of the hardware for pre-testing D2 Report of the pre-testing campaign D3 Delivery of the hardware for flight testing D4 Analysis report of the flight testing



Type* Hardware Report Hardware Report



Due Date M8 M10 M11 M24



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. Title - Description M1 Refined requirements agreed with members and captured M2 Pre-testing of the measurement technique finished and outcome reviewed with members M3 Installation of the measurement techniques on the aircraft M4 Flight test finished



Type*



Due Date M2 M10 M12 M18



*Type: R=Report, D=Data, HW=Hardware
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4. Special skills, Capabilities, Certification expected from the Applicant(s) The applicant shall have profound knowledge in developing and maturing of skin friction and surface pressure measuring techniques, which offers a high time and space resolution, robustness against changing flight conditions and adequate accuracy. In addition, the applicant must give proof of profound knowledge and experience in using skin friction and surface pressure measuring techniques applied to aircraft or other aerodynamic surfaces exposed to ambient conditions. The applicant shall be able to customize their hardware to satisfy requirements and match DAQ interfaces with consortium partners. It should be possible to the applicant to quickly react to new requirements for sensors and data acquisition hardware. Furthermore, the applicant must be agile to account for potential complications during flight testing, e.g. damage to sensors or DAQ hardware.



5. Abbreviations AFC BPR FPR UHBR VHBR DAQ LSWT



Active Flow Control Bypass Ratio Fan Pressure Ratio Ultra-high Bypass Ratio Very high Bypass Ratio Data Acquisition Low Speed Wind Tunnel
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V.



Novel mechanical drive disconnect for embedded Permanent Magnet machines



Type of action (RIA or IA)



RIA



Programme Area [SPD]



LPA



(CS2 JTP 2015) WP Ref.



WP 1.6.1



Indicative Funding Topic Value (in k€)



1100



Topic Leader



Rolls Royce plc



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



18



Indicative Start Date6



Q2 2018



Topic Identification code JTI-CS2-2017-CfP07-LPA-01-40



Topic Title Novel mechanical drive disconnect for embedded Permanent Magnet machines



Short description Development of novel mechanical drive disconnects solution for an electrical machine. The solution will focus on rapid response to faults within harsh environments. This proposal will be aimed at their development and integration into new technologies that will be developed and demonstrated in WP1.6 of LPA IADP.



6



The start date corresponds to actual start date with all legal documents in place.
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1. Background With regard to meeting the Flightpath 2050 targets, the optimisation of gas turbine engines and aircraft in isolation may not yield the required levels of improvement and more integrated designs will subsequently be required. The most optimum solutions are likely to benefit from distributed propulsion concepts that will not only increase propulsive efficiencies, but will also improve an aircraft’s aerodynamic characteristics by providing propulsive force when and where required. The key enabler for distributed propulsion is the hybrid electrical power transmission, which will efficiently distribute the power throughout the propulsion system. In order to open up this new design space, a number of challenges have to be first understood and then overcome. The requirement of high power densities and efficiency in electrical machines for aerospace application(s) can be challenging with the safety and certification constraints. Permanent Magnet ( PM ) machines can cater to both requirements, however, there is a need to have a mechanical disconnect to manage faults from cascading to the system.



The project will focus on designing and developing a novel disconnect solution for an embedded generator, closely working with the Topic Manager on exploring the feasibility of a filed Rolls-Royce ‘ mechanical disconnect ‘ Patent, and realising it in hardware to TRL3/4. The proprietary mechanical disconnect is a failsafe solution that is specifically aimed at embedded electrical machines within the core of gas turbines. The proprietary mechanical disconnect is an integral part of an electrical machine, and is different to conventional, standalone, disconnect solutions such as a clutch or active shear neck. Upon activation, the proprietary mechanical disconnect will in effect “dis-assemble” part of an electrical machine and disconnect the mechanical input ( generating mode ) or mechanical output ( motoring mode ) from an electrical machine. The Work Break-down Structure ( WBS ) will be split into three Work Packages ( WP’s ) as below ; WP1 Build on an existing disconnect concept – build and protoype to TRL 4 WP2 Build a stator with instrumented pre-determined faults eg turn to turn faults WP3 Build and demonstrate a machine incorporating the concepts in WP1 and WP2 This strategic theme falls under the umbrella of Clean Sky 2 Platform 1 work package ( WP ) 1.6 – Demonstration of radical aircraft configurations within Large Passenger Aircraft
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2. Scope of work Tasks Ref. No.



Title - Description



Due Date



Task 1.1



Design of a rotor incorporating a novel disconnect concept.



T0 + 6



Task 1.2



Build the rotor designed



T0 + 10



Task 1.3



Test the rotor disconnect concept



T0 + 12



Task 2.1



Design the stator with pre-determined faults



T0 + 5



Task 2.2



Build the stator incorporating the instrumentation required for testing



T0 + 10



Task 2.3



Test stator



T0 + 12



Task 3.1



Assemble the electrical machine, incorporating controls from Topic Manager



T0 + 15



Task 3.2



Test and demonstrate disconnect concept as per requirements



T0 + 18



High level prototype requirements for build and test : 120kVA , 18000rpm PM machine less than 0.25s activation time for disconnection Task 1.1 : Design of a rotor incorporating a novel disconnect concept. Involves designing the rotor of the electrical machine incorporating the existing disconnect concept and working closely with the Topic Manager. This task would require knowledge of rotor design as well as machine integration, given that the disconnect concept has not been prototyped yet. Task 1.2 : Build the rotor designed This task would involve the manufacture and build of the rotor designed in task 1.1. At least two prototypes will be required for proving the method of manufacture. Task 1.3 : Test the rotor disconnect concept Testing the rotor to prove the function of the disconnect solution, up to partial power at the applicants facilty. Task 2.1 : Design the stator with pre-determined faults Involves designing a stator for the final machine test that will include some pre-determined faults as agreed with the Topic Manager. There will be a requirement to incorporate more than one fault for the purpose of testing. Task 2.2 : Build the stator incorporating the instrumentation required for testing This task will involve the manufacture and the build of the stator with all the instrumentation that will be required to monitor and implement faults in the machines. It will include some controls and will require working closely with the Topic Manager. Task 2.3 : Test stator Testing the stator functionalilty at the applicants facility.
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Task 3.1 : Assemble the machine incorporating controls from the Topic Manager This task entails building the electrical machine, including assembly of the rotor and stator from the previous tasks. The controls will be developed closely with the Topic Manager, and will be implemented in the machine as agreed. Task 3.2: Test and demonstrate disconnect concept as per requirements Full testing and demonstration of the electrical machine with the disconnect concept at the rated power at the applicants facility. Various faults would be tested for safety, and the prototype is to satisfy all of the requirements set by the Topic Manager – the High Level requirements having been defined above.



3. Major Deliverables/ Milestones and schedule (estimate) Deliverables Ref. No. D1.1 D2.1 D3.1



Title - Description Test report – rotor disconnect concept Manufactured stator with pre-determined faults Testing of concept at full power



Type* R, HW HW R, HW, D



Due Date T0 + 12 T0 + 10 T0 + 18



Type* D HW D R HW



Due Date T0 + 6 T0 + 10 T0 + 5 T0 + 12 T0 + 15



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. Title - Description M1.1 Design of rotor with concept disconnect completed M1.2 Manufactured rotor with disconnect M2.1 Design of stator complete with incorporated faults M2.2 Testing of stator completed M3.1 Full prototype assembled and ready to test *Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s)  



Skill 1 : PM electrical machine design and development knowledge requried Skill 2 : Understanding of electrical integration and testing capabilities



5. Abbreviations PM WBS WP



Permanent Magnet Work Break-down Structure Work Package
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VI.



Advanced manufacturing for MW range power dense electrical machines for aerospace applications Type of action (RIA or IA)



RIA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.6.1



Indicative Funding Topic Value (in k€)



600



Topic Leader



Rolls Royce plc



Type of Agreement



Duration of the action (in Months)



24



Indicative Date7



Implementation Agreement Start Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-41



Advanced manufacturing for MW range power dense electrical machines for aerospace applications



Short description Application of advanced manufacturing techniques for MW range power dense electrical machines. Focusing on but not limited to casings, coils and rotors. This topic will be aimed at their development and integration into new designs that will be developed and demonstrated in WP1.6 of LPA IADP.



7



The start date corresponds to actual start date with all legal documents in place.
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1. Background With regard to meeting the Flightpath 2050 targets, the optimisation of gas turbine engines and aircraft in isolation may not yield the required levels of improvement and more integrated designs will subsequently be required. The most optimum solutions are likely to benefit from distributed propulsion concepts that will not only increase propulsive efficiencies, but will also improve an aircraft’s aerodynamic characteristics by providing propulsive force when and where required. The key enabler for distributed propulsion is the hybrid electrical power transmission, which will efficiently distribute the power throughout the propulsion system. In order to open up this new design space, a number of challenges have to be first understood and then overcome. The requirement of high power densities and efficiency in electrical machines for aerospace application can be challenging with the safety and certification constraints. Typically, the non-active part of electrical machines contribute to 30 – 40% of the total weight. Weight Reduction of this part can significantly improve power densities.



The Non-Active parts of an electrical machine  Exploring advanced/novel manufacturing techniques



The Topic will focus on designing and developing ultra-lightweight non-active components of an electrical machine, closely working with the Topic Manager upto TRL3/4. The focus will be on casings and shafts initially. The Work Break-down Structure ( WBS ) will be split into two Work Packages ( WP’s ) as below ; WP1 Design and development of lightweight non-active parts. WP2 Testing of the lightweight solutions. This strategic theme falls under the umbrella of Clean Sky 2 Platform 1 work package ( WP ) 1.6 – Demonstration of radical aircraft configurations within Large Passenger Aircraft.
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2. Scope of work Tasks Ref. No. Task 1.1 Task 1.2 Task 1.3 Task 2.1 Task 2.2 Task 2.3



Title - Description Understanding of existing manufacturing methods for non-active parts of an electrical machine. Design of non-active component(s) to requirements set by Topic Manager Build prototype components Mechanical Integrity Testing of prototype(s) Electro-Magnetic Compatibility ( EMC ) compliance of component Integration of the non-active component(s) into an existing electrical machine defined/provided by Topic Manager



Due Date T0 + 3 T0 + 9 T0 + 14 T0 + 16 T0 + 18 T0 + 24



High level requirements for build and test : >1MW power rating, >10,000rpm speed rating. Non-active power density of >25kW/kg. Task 1.1 : Understanding of existing manufacturing methods for non-active parts of an electrical machine. Review and understand all existing manufacturing methods for non-active parts of an electrical machine. This will be required to decide the way forward for the component development at later stages. Task 1.2 : Design of non-active component(s) to requirements set by Topic Manager This task will involve the design of the non-active part ( eg. Casing ) of the electrical machine for the high level requirements set by the Topic Manager. The design should provision for advanced manufacturing methods to be used in building the component, and should be closely developed with the Topic Manager – as the final integration will involve testing of the prototype in an electrical machine defined/provided by the Topic Manager. Task 1.3 : Build prototype components This will involve the development of the actual non-active component to be tested. More than two prototypes maybe required to be built. Task 2.1 : Mechanical Integrity testing of prototype The prototype needs to be tested for its mechanical integrity and performance. The test plan and test definition to be discussed and agreed with the Topic Manager. Task 2.2 : Electro-Magnetic Compatibility ( EMC ) compliance of component The developed prototype will need to be tested for EMC compliance as specified by the Topic Manager. Task 2.3 : Integration of the non-active component(s) into an existing electrical machine defined/provided by the Topic Manager This task will involve the integration of the component(s) developed during the project into an electrical machine working closely with the Topic Manager. The component has to be fully integrated into an existing electrical machine and tested to the requirements set by the Topic Manager – the High Level requirements CFP07 Call Text (preliminary version) [PP1] – September 2017
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having been defined above.



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



D1.1



Manufacture prototype non-active component(s)



D2.1



Testing report of component developed



Type*



Due Date



R, HW



T0 +14



R



T0 + 18



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title - Description



Type*



Due Date



M1.1



Data on existing manufacturing methods



D



T0 +3



M1.2



Design of non-active component(s) finalised



D



T0 + 9



M2.1



Mechanical Integrity Test Data Prototype fully assembled into an electrical machine ready to test



D



T0 + 16



HW



T0 + 22



M2.2



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s)  



Skill 1 : Advanced design and manufacturing capability for electrical machine components Skill 2 : Understanding of electrical machine integration.



5. Abbreviations WBS WP EMC



Work Break-down Structure Work Package Electro-Magnetic Compatibility
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VII.



Development of power electronic technologies for >1kV aerospace applications



Type of action (RIA or IA) Programme Area [SPD] (CS2 JTP 2015) WP Ref. Indicative Funding Topic Value (in k€) Topic Leader



IA LPA WP 1.6.1 1300 Rolls Royce plc



Duration of the action (in Months)



24



Type of Agreement



Implementation Agreement



Indicative Start Q2 2018 Date8



Topic Identification Code Topic Title JTI-CS2-2017-CfP07-LPA-01-42 Development of power electronic technologies for >1kV aerospace applications Short description Development of power electronic technologies for >1kV rated aerospace hybrid electrical applications. Focusing on but not limited to high voltage insulation design for high power dense converter, matched thermal management for power electronics, packaging of passive components and High Voltage High Current Interconnects. This Topic will be aimed at their development and integration into new designs that will be developed and demonstrated in WP1.6 of LPA IADP.



8



The start date corresponds to actual start date with all legal documents in place.
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1.



Background



With regard to meeting the Flightpath 2050 targets, the optimisation of gas turbine engines and aircraft in isolation may not yield the required levels of improvement and more integrated designs will subsequently be required. The most optimum solutions are likely to benefit from distributed propulsion concepts that will not only increase propulsive efficiencies, but will also improve an aircraft’s aerodynamic characteristics by providing propulsive force when and where required. The key enabler for distributed propulsion is the hybrid electrical power transmission, which will efficiently distribute the power throughout the propulsion system. In order to open up this new design space, a number of challenges have to be first understood and then overcome.



Aerospace power electronics require high power density and higher efficiency performance. Technologies contributing to this would be required to operate at medium voltage (>2KV) and higher switching frequencies (>10KHz), whilst operating at high altitudes (>30000 ft). The project is split into three Work Packages ( WP’s ) as below ; WP1 : Active/passive Technologies, including high speed machine drives as defined by the Topic Manager. WP2 : Interconnect technology for medium voltage, high current application. WP3 : Packaging for high power medium voltage converters for aerospace applications. This strategic theme falls under the umbrella of Clean Sky 2 Platform 1 work package ( WP ) 1.6 – Demonstration of radical aircraft configurations within Large Passenger Aircraft.
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2. Scope of work Tasks Ref. No.



Title - Description



Due Date



T1.2



Identification and development of components ( passive and active ) for selected topologies as defined by Topic Manager Modelling of components/concepts



T1.3



Testing of components



T0 + 16



T2.1



Design of interconnects and cables for medium voltage drives



T0 + 6



T2.2



Prototype of interconnect designs



T0 + 12



T2.3



Testing of interconnect technologies Identification of lightweight packaging technologies including materials. Development and testing of a prototype converter at representative environments.



T0 + 14



T1.1



T3.1 T3.2



T0 + 8 T0 + 10



T0 + 5 T0 + 24



Requirements: 300KW, > 10 KHz switching frequency, > 2KV DC voltage rating, up to TRL 6 development.



Work Package 1 To identify and develop advanced passive and active components for Aersopace Medium Voltage ( MV ) drive applications. These will include concept study, modelling, prototyping and experimental testing of key components of a power converter that are suitable to operate with higher voltage/current, higher switching frequency, higher temperature and lighter weight in a laboratory environment.



Task 1.1: To identify and develop potential technologies/concepts for passive/active components suitable for key requirements detailed above by the Topic Manager, for aerospace Medium Voltage ( MV ) applications.



Task 1.2: To carry out essential modelling of proposed technologies/concepts, as well as the design and build of prototype component(s).



Task 1.3: To carry out experimental testing based on the prototype component(s) to validate the key design specifications in a laboratory environment and to complete a technical test report of the test results.



Work Package 2 To identify and develop suitable interconnect technologies for Aerospace MV power systems, and to demonstrate the technology in a laboratory environment. These will include the concept development, prototype build and experimental validation of interconnect technologies which meet the requirements for CFP07 Call Text (preliminary version) [PP1] – September 2017
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MV power distribution in a harsh environment at high altitude.



Task 2.1 To identify and design prototype interconnect and cabling technologies for MV power distribution of advanced aircraft power systems.



Task 2.2 To build prototype interconnect components and to develop a relevant test rig for proof of concept.



Task 2.3 To carry out experimental testing of developed prototype interconnect components in a laboratory environment, and to complete a test report on the key experimental results.



Work Package 3 To identify lightweight packaging methods and materials for high power medium voltage converters for aerospace applications. These will also include technologies such as 3D packaging etc. which can be realised at the power level requirements set by the Topic Manager, as defined/detailed above. This WP also includes the development of a full converter as specified by the Topic Manager to demonstrate the technologies developed within the project.



Task 3.1 To identify packaging technologies that enable lightweight converters to improve power density. These can be techniques and/or materials used for packaging the converter.



Task 3.2 To build and test a full converter as specified by the Topic Manager, at a full rated power level in representative environments for aerospace at the applicants facility. Tasks Ref. No. T1.1 T1.2 T1.3 T2.1 T2.2 T2.3 T3.1 T3.2



Title - Description Identification and development of components ( passive and active ) for selected topologies as defined by Topic Manager Modelling of components/concepts Testing of components Design of interconnects and cables for medium voltage drives Prototype of interconnect designs Testing of interconnect technologies Identification of lightweight packaging technologies including materials. Development and testing of a prototype converter at representative environments.



Due Date T0 + 8 T0 + 10 T0 + 16 T0 + 6 T0 + 12 T0 + 14 T0 + 5 T0 + 24



Requirements: 300KW, > 10 KHz switching frequency, > 2KV DC voltage rating, up to TRL 6 development. CFP07 Call Text (preliminary version) [PP1] – September 2017
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3



Work Package 1 To identify and develop advanced passive and active components for Aersopace Medium Voltage (MV) drive applications. These will include concept study, modelling, prototyping and experimental testing of key components of a power converter that are suitable to operate with higher voltage/current, higher switching frequency, higher temperature and lighter weight in a laboratory environment.



Task 1.1: To identify and develop potential technologies/concepts for passive/active components suitable for key requirements detailed above by the Topic Manager, for aerospace Medium Voltage ( MV ) applications.



Task 1.2: To carry out essential modelling of proposed technologies/concepts, as well as the design and build of prototype component(s).



Task 1.3: To carry out experimental testing based on the prototype component(s) to validate the key design specifications in a laboratory environment and to complete a technical test report of the test results.



Work Package 2 To identify and develop suitable interconnect technologies for Aerospace MV power systems, and to demonstrate the technology in a laboratory environment. These will include the concept development, prototype build and experimental validation of interconnect technologies which meet the requirements for MV power distribution in a harsh environment at high altitude.



Task 2.1 To identify and design prototype interconnect and cabling technologies for MV power distribution of advanced aircraft power systems.



Task 2.2 To build prototype interconnect components and to develop a relevant test rig for proof of concept.



Task 2.3 To carry out experimental testing of developed prototype interconnect components in a laboratory environment, and to complete a test report on the key experimental results.



Work Package 3 To identify lightweight packaging methods and materials for high power medium voltage converters for aerospace applications. These will also include technologies such as 3D packaging etc. which can be realised at the power level requirements set by the Topic Manager, as defined/detailed above. This WP also includes the development of a full converter as specified by the Topic Manager to demonstrate the technologies developed within the project.



Task 3.1 To identify packaging technologies that enable lightweight converters to improve power density. These can be techniques and/or materials used for packaging the converter.



Task 3.2 To build and test a full converter as specified by the Topic Manager, at a full rated power level in CFP07 Call Text (preliminary version) [PP1] – September 2017
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representative environments for aerospace at the applicants facility.



3. Major Deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type* D, R



T0 + 16



HW, R



T0 + 14



D3.1



Report on modelling and testing of the components considered Interconnect technologies, hardware & prototype testing report Report on lightweight packaging technologies.



R



T0 + 5



D3.2



Converter hardware and testing report



R, HW



T0 + 24



D1.1 D2.1



Due Date



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title - Description



Type*



Due Date



M1.1



Review of identified technologies



D



T0 + 8



M2.1



Requirements capture document



R



T0 + 2



M2.2



Review of prototype design



D



T0 + 6



M3.1



Mid-point review of converter design



D



T0 + 10



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s)   



Skill 1 : Power Electronics design and development knowledge requried Skill 2 : Understanding of electrical integration and testing capabilities Skill 3 : Medium Voltage capabilities



5. Abbreviations WP MV KV



Work Package Medium Voltage Kilo volts
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VIII.



Pulsating Heat Pipe (PHP) modelisation & characterisation



Type of action (RIA or IA)



RIA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.6.2



Indicative Funding Topic Value (in k€)



1500



Topic Leader



Liebherr



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



48



Indicative Start Date9



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-43



Pulsating Heat Pipe (PHP) modelisation & characterisation



Short description The Pulsating Heat Pipe (PHP) is a promising solution for controlling extremely high heat fluxes (>200 W/cm2). The objective of this topic is to: - Develop a data base retrieved from tests results allowing to build a PHP mathematical macro model thanks to an interpolation method (kriging, neurons and so on); - Develop a numerical predictive model to design multi-bubble and multi-source PHP. The software shall allow obtaining complementary information on the global behavior of the PHP and impact of various perturbations.



9



The start date corresponds to actual start date with all legal documents in place.
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1. Background Thermal management is a key enabler of hybrid propulsion and needs the introduction of innovative cooling technologies with enhanced performances and improved integration capabilities. Pulsating Heat Pipe (PHP) is a promising solution to enable thermal management improvement for such applications. Drawing on experimental prototype results, PHP is subject to academic studies in particular to well understand its behaviour in order to create numerical modeling. This cooling system is a major current concern as evidenced by the last International Heat Pipe Conference which took place the last year in Korea. Indeed several sessions were dedicated to the theme ”Pulsating Heat Pipes, Oscillating Heat Pipes” with 20 presentations [1][2][3][4]. The aims of this project are: to develop a PHP predesign tool including for instance: o multi source heat loss, o the PHP geometry, o the fluid properties, o transient calculations, o FMU/FMI format (allowing a link to Dymola for instance), o Dry out phenomena, o and so on. - to lead tests campaign using as much as necessary PHP prototypes in order to: o calibrate the previous PHP predesign tool, o develop a PHP data base allowing to build thanks to a neuronal method a mathematical macro model of the PHP. To that purpose, an adaptative test bench shall be developped in order to characterize the PHP prototypes according to a design of experiment. This latter shall be built in taking into account the whole PHP parameters. Both numerical and experimental studies shall be dealt with in concert. [1] David Dufraisse, Vincent Ayel, Yves Bertin, Cyril Romestant, “Performances and Limits of a Multi-Source Pulsating th Heat Pipe Tested Under High Heat Flux Density”, 18 International Heat Pipe Cconference, 2016 [2]Haoren Deng, Xiao Sun, Dongyang Han, Shunhao Wang, Bo Jiao, J.M. Pfotenhauer, Zihua Gan, “Experimental Study th on a Hydrogen Pulsating Heat Pipe with Different Adiabatic Lengths” , 18 International Heat Pipe Cconference, 2016 [3] Laura Fourgeaud, Vadim Nikolayev, Eric Ercolani, Jérôme Duplat, Philippe Gully, “In Situ Investigation of Liquid Films th in PHP”, 18 International Heat Pipe Cconference, 2016 [4] Rémi Bertossi, Balkrishna Mehta, Cyril Romestant, Yves Bertin, Sameer Kandhekar, ” Motion of Liquid Plugs between th Vapor Bubbles in Capillary Tubes: A Comparison between Fluids”, 18 International Heat Pipe Cconference, 2016
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2. Scope of work Tasks



Start



End



T0



T0+6



T0



T0+48



T0



T0+36



T0+18



T0+48



1



PHP predesign tool development



1.1



1.4



Bibliography of recent modelling and innovations in PHP fields Development of a prediction model of the PHP and architecture tradeoff Designing and manufacturing the PHP demonstrators used for the validation of the PHP predesign tool Validation tests to calibrate the PHP predesign tool



2



PHP mathematical macro-model



2.1



Adaptable tests bench development - design and manufacturing



T0



T0+18



2.2



Designing and manufacturing the PHP demonstrators



T0



T0+18



2.3



Tests campaign according to the DoE



T0+18



T0+36



2.4



Development of the mathematical macro model



T0+18



T0+48



1.2 1.3



Task 1.1: Bibliography on numerical aspects Pulsating Heat Pipes are nowadays well known for the performance in thermal management because of the advantageous combination they can offer: great heat transfer capacity for a very low cost of manufacturing. But its thermo-fluidic behavior is not simple and many aspects of the internal heat and mass transfers remain unknown. Several numerical studies are developed over the world in order to clarify this aspect. Bibliography of task 1.1 should focus on recent achievements on modelling aiming at representing the global behavior of the heat pipe. A detailed scientific background is expected concerning both single bubble and multi-bubble PHP bibliography. This study should finally be focused on predictive model advantages and drawbacks and therefore depict what could be possible and impossible concerning a dedicated numerical approach on this project. A research regarding the PHP patents should complete this bibliography. Task 1.2: PHP modelling The topic manager is willing to integrate such a heat transfer device to cool some of its equipment exposed to severe thermal and vibrating environments. For such critical systems, the topic manager needs simulation tools to help product designers to perform the right choice and therefore manufacture products with an interesting reliability. A description of the topic manager constraints shall be delivered to the applicant in order to help bordering the interfaces and thermal domain of the pulsating heat pipe. The model developed in this task shall be easy to implement so as to fulfill the following rules: - Numerical interfaces of the model shall be compatible with FMU/FMI norms for a further integration in a MODELICA system model; - A parametric model allowing the topic manager to perform integration trade-offs : geometrical, thermal and environmental parameters; - A switchable modelling time dependence from transient to steady state depending on the final use. The applicant shall develop a simulation tool with a user interface to predict the PHP global parameters from its geometry and material properties. The simulation shall account for the interaction of multiple vapor CFP07 Call Text (preliminary version) [PP1] – September 2017
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bubbles inside the PHP including the effect of the liquid films of variable length inside the bubbles. The simulation shall be capable to predict the PHP functioning limits, in particular its dry out. Task 1.3: Validation demonstrators In parallel to numerical developments, in order to update and validate the numerical predesign tool, the aplicant shall design and manufacture as much PHP demonstrators as necessary. Task 1.4: Validation tests campaigns The demonstrators shall answer to criterions defined on previous task. Task 2.1: Adaptable tests bench development - design and manufacturing Regarding the tests campaign, in order to create the PHP data base, the applicant shall design and develop an adaptable tests bench. This bench shall be interfaced with the whole PHP demonstrators developed in the following task 2.2. The validity range of the PHP relevant parameters shall fit with the manager topic specification. Task 2.2: Heat pipe manufacturing and integration The applicant shall design and develop as many PHP demonstrators as necessary to perform a comprehensive study (cf. task 2.3) highlighting its global performance depending on its relevant parameters. Task 2.3: Experimental study The applicant shall build a Design of Experiment and follow it to characterize the thermal behavior of the heat pipe for the whole PHP relevant parameters. Tests campaign shall cover the entire validity ranges of each parameters based on the topic manager specification. Task 2.4: Mathematical macro model The applicant shall develop thanks to the experimental results retrieved from the task 2.3 a mathematical model describing the right thermal behaviour of a PHP in the framework of the topic manager specification.
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3. Major Deliverables and Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type*



D1.1



Bibliography report



R



T0+6



D1.2



Model user manual and numerical model



R+M



T0+48



D1.3



PHP demonstrator design description report



R+D



T0+36



D1.4



Test results report and model calibration report



R



T0+48



R



D2.2



Tests bench description and operational acceptance testing report Manufacturing and Integration demonstrator report



R+D



T0+18



D2.3



Experimental description and validation report



R



T0+36



D2.4



Macro-model description and validation report



R+M



T0+48



D2.1



Due Date



T0+18



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, capabilities 











Skills o o



PHP manufacturing Thermodynamics applied to PHP  Modelling interaction of multiple vapor bubbles  Liquid film behaviour  PHP functionning limits such as the dry out o Numerical skills for two phase flows o Experimental skills for two phase systems Capabilities o Machining facilities for PHP manufacturing o PHP integration such as brazing o Experimental facilities for two-phase fluid filling o Experimental facilities for prototype testing Achievements o Mono bubble modelling o Multiple bubbles modelling o Scientific dissemination about PHP modelling (papers, thesis and so on)



5. Abbreviations PHP DOE



Pulsating Heat Pipe Design Of Experiment
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IX.



Quick Disconnect System



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.1.10



Indicative Funding Topic Value (in k€)



600



Topic Leader



SAFRAN ELECTRICAL & POWER



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date10



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-44



Quick Disconnect System



Short description This topic will develop and demonstrate a novel highly robust and reliable fault detection and mechanical isolation system to mitigate the risks of potentially highly dissipative failure modes associated with the high-performance electrical power generator technologies required for future energy-optimised aircraft. Future optimised electrical power systems with actively controlled power sharing between electrical sources will use high-speed, highly efficient electrical generators. The wide operating speed range of these generators and the technologies used to maximise their power density, as well as the greater criticality of the electrical power system, increase the severity of potential failure modes.



10



The start date corresponds to actual start date with all legal documents in place.
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1. Background This topic will develop and demonstrate a novel highly robust and reliable fault detection and mechanical isolation system to mitigate the risks of potentially highly dissipative failure modes associated with the highperformance electrical power generator technologies required for future energy-optimised aircraft. The ACARE Strategic Research and Innovation Agenda Flightpath 2050 goals for Challenge 3 (Protecting the environment and the energy supply) require system and multi-system optimisation, using combinations of effects on different areas of design and benefits of individual equipment technologies to yield larger step changes in energy efficiency. The electrical power system is under significant scrutiny due to the increasing amount of electrical power used by increasingly More Electric Aircraft, culminating in future hybrid electric and all electric propulsion architectures, and because of the effects of its components on other aspects of aircraft design and performance. With these increasing power conversion requirements, it is necessary to consider enhanced electrical power generation technologies. The introduction of Variable Frequency Generator technology has permitted simplification of the mechanical drive train, offering greater power capability than traditional constant frequency generator technologies, and it has facilitated the electrification of the main engine start function, integrating it with the electrical generation channel. The current evolution of electrical power distribution away from alternating current additionally offers the possibility of increased rotational speed of the generators and consequently increased power density. A further challenge to the electrical power generation system comes from the limitations on the maximum permissible quantity of power off-take from the high-pressure turbine of the new generations of increasingly efficiency turbofan engines. To overcome this, solutions are being developed to enable power off-take from the low-pressure turbine which is less susceptible to mechanical shaft power variation and offers a reduced impact on engine efficiency, but has a significantly wider speed range (greater than 5:1 ratio between maximum and minimum speed) than the high-pressure turbine (typically 2:1 ratio between maximum and minimum speed), or to draw power from the Auxiliary Power Unit. Such solutions open the possibility of further benefits through active power sharing between power sources. The drive for increased efficiency, power density and wider operating speed range, with the rotor stored kinetic energy ever increasing, necessitate a departure from traditional rotor mechanical design and are requiring consideration of alternative and simpler machine technology such as permanent magnet synchronous. In view of the increased criticality of the electrical system, the increasing amount of mechanical stored energy, the very significant amount of mechanical power available from the turbine and the potential new electrical failure modes of the generators, an effective and reliable means of mechanical isolation of the generator from the turbine is required so as to assure control of the possible generator failure modes which could be more widely damaging to the surrounding systems and equipment. This Work Package focusses upon the Quick Disconnect-based mechanical isolation system depicted below, the elements of the system being the Sensors, Signal Processing, Actuation and Quick Disconnect.
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The work will require analysis of system requirements and reliability to support architecture definition, indepth study of materials and coupling devices to be used in the Quick Disconnect, evaluation of sensing techniques and signal processing for fault identification and design of the actuation means. The requirements will include the definition of interfaces with the off-the-shelf generator(s) so as to permit representative operation of the Quick Disconnect device. The primary focus will be mechanical faults resulting in loss of integrity of bearings or structure, and therefore in poorly constrained axial or radial movement of the rotating components. Future extension of the sensor suite to detect electrical and other failures specific to particular types of machine may be considered time allowing, but these are not intended to be specifically studied in this activity as the mechanical failure conditions are seen as technically more challenging and are more broadly applicable. The activity will not aim to demonstrate the behaviour of a complete generator with imposed faults but the performance of the developed hardware will be tested with an off-the-shelf generator under harsh conditions (vibration, misalignment) as part of the related Integration work package. Initial validation will be through dynamic behavioural analysis and physical testing of the Quick Disconnect in isolation under laboratory conditions, emulating the turbine and generator using appropriate drive motor and load respectively. The testing will require specialised capabilities in order to permit assessment of the effects of multiple disturbances simultaneously, for example mechanical load combined with vibration and temperature. Further, in order to assess robustness, the effects of manufacturing tolerances and wear conditions shall be evaluated. The test equipment will be capable of emulating and characterising the effects of mechanical failures resulting in relaxation of axial and/or radial constraints surrounding the disconnect device (not as complete generator) under harsh environment conditions. A second validation phase will occur through the related “High Performance Integration Channel’ topic, whereby a Disconnect System shall be provided for integration with one or more off-the-shelf electrical generator(s). This will permit the operation of the disconnect system to be tested with representative equipment under normal and emulated failure conditions. Preliminary studies of the applications indicate the following approximate specification points:  Continuous mechanical drive requirement: 60kW  Short-term overload: 120kW CFP07 Call Text (preliminary version) [PP1] – September 2017
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 Operating speed range: 5000-35000 rpm Demonstration of scalability of the Quick Disconnect to an order of magnitude larger mechanical drive requirement will be necessary. Disconnect capability will be demonstrated over 5000 - 35000 rpm speed range at up to the generator shaft shear neck rupture torque under harsh conditions (considering vibration, misalignment, temperature). It is anticipated that the contributors will be able to utilise, and as necessary adapt, existing test capabilities already reasonably aligned with the performance objectives. Should it be determined that demonstration testing is physically limited by the scale of the investment required, the scalability up to the required levels will be substantiated by analysis. The Work Package contributors will include experts in the field of mechanical engineering and will validate their designs against the severe operating requirements of the application. Validation will be performed both through test of the Quick Disconnect itself under combined environmental effects and non-ideal configurations, and as part of the integrated system illustrated above. The particular challenges surround the required robustness and reliability in the harsh environment, combined with the stringent requirements for size and weight.



2. Scope of work Tasks Ref. No.



Title - Description



Due Date



T1.7



Initial Requirements Capture and preliminary architecture definition – through discussion with stakeholders Shaft coupling and actuator concept definition – perform initial mechanical analyses to enable the selection of an initial concept, with consideration of properties of available materials Supply chain identification and industrialisation assessment Disconnect system definition, including sensors and signal processing, and reliability-based analysis Modelling and simulation of detailed behaviour with external and nonideal effects Shaft coupling and actuation detail definition – perform detailed mechanical analyses and design definition to enable hardware procurement Disconnect System procurement / manufacture



T1.8



Performance testing and validation



T0+34



T1.8



Integration support and test



T0+36



T1.1 T1.2 T1.3 T1.4 T1.5 T1.6



T0+3 T0+12 T0+15 T0+12 T0+24 T0+24 T0+28
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Deliverables Ref. No.



Title – Description



Type*



Due Date



D1.1



Preliminary Requirements Specification



R



T0+3



D1.2



Shaft Coupling Topology and Materials Trade Study Report



R



T0+12



D1.3



Disconnect System architecture definition



R



T0+12



D1.5



Initial Simulation & Analysis Report



R



T0+15



D1.6



Final Simulation & Analysis Report



R



T0+24



D1.8



Two Disconnect System ship sets for integration



HW



T0+28



D1.9



Test and Validation Report



D



T0+34



D1.10



Final Report



D



T0+36



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title – Description



Type*



Due Date



D1.4



Quick Disconnect Concept Design Review



R



T0+15



D1.7



Quick Disconnect Detailed Design Review



R



T0+24



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s)     



Materials knowledge and analysis capability, particularly of metals Mechanical engineering expert System requirements capture and analysis Reliability-based system architecture analysis Understanding of sensing techniques, signal processing and control  Existing test capabilities aligned with the performance objectives.  Dynamic behavioural analysis, including external and environmental effects  Mechanical / Material Failure analysis  Procurement or manufacturing of precision mechanical assemblies  Multi-parameter “real life” testing (laboratory conditions and interfacing with Integration CfP) University partners could be well-suited.



5. Abbreviations AC DC



Alternating Current Direct Current
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X.



High Performance Generation Channel Integration



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.1.10



Indicative Funding Topic Value (in k€)



800



Topic Leader



SAFRAN ELECTRICAL & POWER



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



48



Indicative Start Date11



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-45



High Performance Generation Channel Integration



Short description This topic will integrate and demonstrate, in the context of a developed supervisory control architecture, a high-performance high-voltage direct current electrical power generation system with a dependable mechanical isolation system for the protection against highly dissipative failure modes. These technologies are fundamental to optimized highly power dense and efficient power systems, using for example Permanent Magnet Generators, and permitting sharing between electrical sources to meet the needs of future more electric aircraft systems. The demonstration will utilise a high-performance test rig permitting combinations of external effects to be applied as well as emulation of faults and degradation of hardware.



11



The start date corresponds to actual start date with all legal documents in place.
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1. Background This topic will develop and implement a supervisory control architecture which will be used to control a high-performance high-voltage direct current electrical power generation system. This will be used to demonstrate the system-level performance of Intelligent Power Modules and a Quick Disconnect developed under 2 other specific topics, but primarily will have the objective of demonstrating the attainability of certain targets for dynamic controllability of the electrical power with a view to utilising this controllability to optimise future systems. The ACARE Strategic Research and Innovation Agenda Flightpath 2050 goals for Challenge 3 (Protecting the environment and the energy supply) require system and multi-system optimisation, using combinations of effects on different areas of design and benefits of individual equipment technologies to yield larger step changes in energy efficiency. The electrical power system is under significant scrutiny due to the increasing amount of electrical power used by increasingly More Electric Aircraft, culminating in future hybrid electric and all electric propulsion architectures, and because of the effects of its components on other aspects of aircraft design and performance. With these increasing power conversion requirements, it is necessary to consider enhanced electrical power generation technologies. The introduction of Variable Frequency Generator technology has permitted simplification of the mechanical drive train, offering greater power capability than traditional constant frequency generator technologies, and it has facilitated the electrification of the main engine start function, integrating it with the electrical generation channel. The current evolution of electrical power distribution away from alternating current additionally offers the possibility of increased rotational speed of the generators and consequently increased power density. A further challenge to the electrical power generation system comes from the limitations on the maximum permissible quantity of power off-take from the high-pressure turbine of the new generations of increasingly efficiency turbofan engines. To overcome this, solutions are being developed to enable power off-take from the low-pressure turbine which is less susceptible to mechanical shaft power variation and offers a reduced impact on engine efficiency, but has a significantly wider speed range (greater than 5:1 ratio between maximum and minimum speed) than the high-pressure turbine (typically 2:1 ratio between maximum and minimum speed), or to draw power from the Auxiliary Power Unit. Such solutions open the possibility of further benefits through active power sharing between power sources. The drive for increased efficiency, power density and wider operating speed range, with the rotor stored kinetic energy ever increasing, necessitate a departure from traditional rotor mechanical design and are requiring consideration of alternative and simpler machine technology such as permanent magnet synchronous. It is envisaged that with the advent of High-Voltage DC networks power sharing will also be made possible, with the load on individual power sources being controlled to optimise the overall operating point and efficiency of the aircraft under each operating condition. To achieve this a high degree of control of the electrical power needs to be achieved, whilst ensuring minimum impact on the size and weight of the systems.
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Through this topic the integrated system illustrated below will be developed, and in particular the supervisory control algorithms and the test bench itself to enable the simultaneous application of different disturbances to the system. The supervisory control system and test bench will bring together the power electronic conversion, quick disconnect and other existing technologies associated with the system. The diagram illustrates the interactions between the different items being developed through this and the 2 other associated topics considered as an input for this topic.



The work will require analysis of system requirements to support control system and test bench architecture definitions, development of control algorithms, validation of the algorithms through simulation and then test. The test bench design will need to consider the interfaces with the existing off-the-shelf equipment and the items to be received from the Integrated Power Module and Quick Disconnect System topics (the applicant(s) can have a look on the 2 others topics description to get additional information). The test bench will be conceived so as to be capable of combining environmental effects and also emulating degradation of the products under test. The applicant(s) will also perform in-depth analysis of the test results, in order to validate the overall performance goals, with. the dynamic controllability of the overall power generation system. Preliminary studies of the applications indicate the following approximate specification points:  Mechanical drive requirement: 60kW  Short-term mechanical drive overload: 120kW  Generator speed of rotation: 5000-35000rpm  Continuous electrical load requirement: 45kW  Short-term electrcial overload: 90kW  Maximum heat rejection to Conditioned liquid cooling during continuous operation: 10kW The Work Package contributors will have demonstrated capability in the field of machines and drives integration and testing, including the disciplines of test rig design, data acquisition, test rig commissioning, test rig integration for high-performance electrical generation systems, test planning and test management. CFP07 Call Text (preliminary version) [PP1] – September 2017
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The objective will be to validate the performance of bespoke components individually as required, and as a system, against the severe operating requirements of the application. Particular challenges surround the very high robustness and reliability of the test equipment, capable of a harsh environment, required in order to adequately validate the equipment under test, which is itself designed for high robustness and reliability. The test set up shall be designed not to exceed the limits for the electromagnetic environment defined for the equipment under test and shall as a minimum be immune to the limits of electromagnetic emissions permitted for the equipment under test. The requirement to demonstrate robustness and reliability of the quick disconnect will require simultaneous application of environmental effects, such as vibration and temperature during performance testing, and the ability to impose non-ideal installation constraints on the equipment under test. Data acquisition will need to be capable of capturing the anticipated rapid rate of change of system and equipment parameters during the testing.



2. Scope of work Tasks Ref. No.



Title - Description



Due Date



T3.1



T0+3



T3.3



Initial Requirements Capture – define requirements and interfaces through discussion with stakeholders Component selection – perform initial assessments to enable baseline selection of test rig and data acquisition system components to meet the main performance requirements. Test rig architecture & functional definition



T3.4



Test rig and data acquisition equipment specification



T0+12



T3.5



High-level test plan definition



T0+12



T3.6



Test rig commissioning planning



T0+12



T3.7



Test rig and data acquisition equipment procurement



T0+24



T3.8



Test rig commissioning



T0+27



T3.9



Quick Disconnect test procedure definition



T0+27



T3.10



Quick Disconnect test



T0+33



T3.11



Generator Channel test procedure definition



T0+33



T3.12



Generator Channel test



T0+44



T3.2
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3. Major deliverables/ Milestones and schedule Deliverables Ref. No.



Title – Description



Type*



Due Date



D3.1



Preliminary Requirements Specification



R



T0+3



D3.3



High-level test plan



R



T0+12



D3.5



Quick Disconnect test procedure



R



T0+27



D3.7



Generator Channel test procedure



R



T0+33



D3.9



Generator Channel Test report



R



T0+44



D3.10



Final report



R



T0+48



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title – Description



Type*



Due Date



D3.2



Test Rig Preliminary Design Review



D



T0+7



D3.4



Test Rig Design Review



D



T0+12



D3.6



Quick Disconnect Test Readiness Review



D



T0+27



D3.8



Generator Channel Test Readiness Review



D



T0+33



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s) The availability of elements of reusable test equipment and rigs would be a significant advantage as this would enable a wider scope for novel aspects of testing and novel capabilities to be developed. The ability to extend the test to include a second, traditional, generator in parallel with the above would also be an advantage as it would permit validation of paralleling performance.  Facilities with suitable capacity for the nature of this project, requiring vibration and environmental testing of high-performance machines  Strong capabilities in validation and verification of high-performance machine performance  Capabilities in environmental testing  Test rig design capability  Test equipment specification and commissioning capability  Links with, or internal, capacity in test rig procurement and commissioning
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5. Abbreviations AC FPGA CPU DC FPGA HVDC IPM PWM



Alternating Current Field Programmable Gate Array Central Processing Unit Direct Current Field Programmable Gate Array High Voltage DC Intelligent Power Module Pulse Width Modulation
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XI.



Intelligent Power Module



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 1.1.10



Indicative Funding Topic Value (in k€)



600



Topic Leader



SAFRAN ELECTRICAL & POWER



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date12



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-01-46



Intelligent Power Module



Short description This topic is for the development and demonstration of a highly robust and reliable Intelligent Power Module for integration into machines applications for arduous applications. Future optimized power systems permitting sharing between electrical sources will use high-performance electrical machines requiring conditioning of their output power using power electronics, such as Permanent magnet machines which permit maximum power density. The hardware required for power conditioning will need to be extremely light, small and robust, and the objective is to achieve these requirements through use of high-efficiency wide bandgap components and through integration with the electrical power generator in its harsh environment.



12



The start date corresponds to actual start date with all legal documents in place.
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1. Background This topic will develop and demonstrate highly a robust and reliable high-performance Intelligent Power Module. Future optimized power systems permitting sharing between electrical sources will use highperformance electrical machines requiring conditioning of their output power using power electronics, such as Permanent magnet machines which permit maximum power density. The acceptability of the hardware required for power conditioning, centered around high-performance power modules, will depend on it being light, small and robust. This topic will develop the fundamental building block required to achieve these requirements through use of high-efficiency wide bandgap components and through integration with the electrical power generator in its harsh environment. The ACARE Strategic Research and Innovation Agenda Flightpath 2050 goals for Challenge 3 (Protecting the environment and the energy supply) require system and multi-system optimisation, using combinations of effects on different areas of design and benefits of individual equipment technologies to yield larger step changes in energy efficiency. The electrical power system is under significant scrutiny due to the increasing amount of electrical power used by increasingly More Electric Aircraft, culminating in future hybrid electric and all electric propulsion architectures, and because of the effects of its components on other aspects of aircraft design and performance. With these increasing power conversion requirements, it is necessary to consider enhanced electrical power generation technologies. The introduction of Variable Frequency Generator technology has permitted simplification of the mechanical drive train, offering greater power capability than traditional constant frequency generator technologies, and it has facilitated the electrification of the main engine start function, integrating it with the electrical generation channel. The current evolution of electrical power distribution away from alternating current additionally offers the possibility of increased rotational speed of the generators and consequently increased power density. A further challenge to the electrical power generation system comes from the limitations on the maximum permissible quantity of power off-take from the high-pressure turbine of the new generations of increasingly efficiency turbofan engines. To overcome this, solutions are being developed to enable power off-take from the low-pressure turbine which is less susceptible to mechanical shaft power variation and offers a reduced impact on engine efficiency, but has a significantly wider speed range (greater than 5:1 ratio between maximum and minimum speed) than the high-pressure turbine (typically 2:1 ratio between maximum and minimum speed), or to draw power from the Auxiliary Power Unit. Such solutions open the possibility of further benefits through active power sharing between power sources. To achieve the above objectives, a high degree of control of the electrical power needs to be achieved, whilst ensuring minimum impact on the size and weight of the systems, and this drives the requirements for the Intelligent Power Modules (IPM) to be developed through this CfP. Two configurations of IPM will be developed through the topic, defined in the diagrams below. The first enables conversion from alternating current (variable voltage, variable frequency) to direct current. The second enables conversion from direct current at one, possibly variable, voltage to direct current at another, constant, voltage. The diagram shows the main functional blocks, not all of the physical components. The CFP07 Call Text (preliminary version) [PP1] – September 2017
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modules’ intelligence is associated with the FPGA or CPU, which is used to interpret the drive commands coming from the Ethernet connection and, via high bandwidth control and protection functions, to control the operation of the individual Power Electronic switches so as to ensure reliable behaviour in accordance with the commands received. Due to their similarity it may be possible for a number of the functional blocks to be reused.



Power Rectifier Stage DC



Drivers



PWM Duty Cycle



Ethernet



FPGA / CPU



DC



Current & Voltage Sensing



Analogue to Digital Converter



Current and Voltage Data



DC



Drivers



FPGA / CPU



PWM Duty Cycle



Ethernet



AC



Power Converter Stage



Current & Voltage Sensing



Analogue to Digital Converter



Current and Voltage Data



The particular performance challenges to be demonstrated surround the required robustness and reliability in the harsh environment, being integrated with the electrical machine, combined with the stringent requirements for size, weight, efficiency and compatibility with aeronautical performance standards. The IPMs will be validated by analysis and laboratory test, followed by which two IPMs will be integrated with one or more existing generators and will be tested through the “High performance Generation Channel Integration” topic to validate their performance in the system context. The diagram below illustrates the envisaged interfaces for the topic as are relevant to the IPMs.
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Power Rectifier Stage Off-the-shelf Variable AC highperformance generator



Power Converter Stage



Variable HVDC



AC



Constant HVDC



DC



Load DC



FPGA / CPU



Ethernet*



Intelligent Power Module topic Perimeter



Ethernet*



FPGA / CPU



DC



Existing Controller



Existing Controller



*Requirements will be provided



Preliminary studies of the applications indicate the following approximate specification points:  Continuous electrical load requirement: 45kW  Short-term overload: 90kW  Power input frequency 200-1500Hz  Target Power Converter efficiency at maximum continuous load: >95% The Work Package contributors will be experts in the field of power electronic converter analysis and design, including the disciplines of power electronics, microelectronics, digital control, mechanical and thermal engineering, and in the selection of components and specification and/or manufacture of power modules for high reliability applications. The objective will be to validate designs against the severe operating requirements of the application.
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2. Scope of work Tasks Ref. No. T2.1 T2.2



T2.3 T2.4 T2.5 T2.6 T2.7 T2.8 T2.9 T2.10 T2.11 T2.12



Title - Description Initial Requirements Capture – define requirements and interfaces through discussion with stakeholders Component selection – perform initial performance analyses to enable baseline selection of power components to meet the main performance requirements. Module architecture definition Functional modelling and failure mode analysis Module Functional definition Supply chain identification and industrialisation assessment Module Preliminary Design and performance prediction Functional mock-up testing Module Detailed Design Module manufacture Module electrical and thermal performance characterisation and environmental test Integration support



Due Date T0+1 T0+3



T0+6 T0+9 T0+9 T0+12 T0+15 T0+13 T0+20 T0+26 T0+30 T0+36



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No. Title – Description D2.1 Preliminary Requirements Specification D2.2 Module Architecture Report D2.3 Industrialisation Assessment Report D2.6 Test report D2.7 Two Intelligent Power Module shipsets for integration D2.8 Final report



Type* R R R R HW R



Due Date T0+3 T0+6 T0+12 T0+32 T0+30 T0+36



Type* D D



Due Date T0+15 T0+20



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. Title – Description D2.4 Preliminary Design Review D2.5 Detailed Design and Manufacturing Review *Type: R=Report, D=Data, HW=Hardware
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4. Special skills, Capabilities, Certification expected from the Applicant(s)       



Specialist in Power Electronics and Electronics Multi-physics analysis capability Links with, or internal, industrial capacity in power electronics Wide bandgap semiconductor experience Test capability to support detailed behavioural characterisation of power components and their failures, including electrical, electromagnetic, thermal and combined effects. Control of power device switching characteristics Filter design



5. Abbreviations AC FPGA CPU DC FPGA HVDC IPM PWM



Alternating Current Field Programmable Gate Array Central Processing Unit Direct Current Field Programmable Gate Array High Voltage DC Intelligent Power Module Pulse Width Modulation
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XII.



Development of a full size automated plant system for fuselage longitudinal and circumferential joints



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 2.4.4



Indicative Funding Topic Value (in k€)



2500



Topic Leader



Fraunhofer



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date13



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-02-22 Development of a full size automated plant system for fuselage longitudinal and circumferential joints Short description The joining process of the longitudinal and circumferential seam for two pre-integrated, full-size thermoplastic fuselage shells shall be performed by an automated plant system. Within this project, an automated solution has to be developed, taking into account a double-sided and limited accessibility for full fuselage sections.



13



The start date corresponds to actual start date with all legal documents in place.
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1. Background Internationally growing flight and passenger numbers have led to a joint order backlog of Airbus and Boeingapproximately 12,500 aircrafts. With today’s production rates the delivery of all aircrafts would take 8.5 years. The resulting endeavor for higher productivity requires more flexible manufacturing solutions. Based on today’s newest robotic solutions – suitable for changing and limited work environments – automation becomes more attractive for aerospace industry. The assembly of major components as well as aircraft sections, which dominate the lead time in today’s pulse line based production has always been a challenging process. Reducing manufacturing time and costs and parallelizing multiple assembly steps is one of the key drivers for the factory of the future. Thermoplastic carbon fiber resin materials for major components (like fuselage shells) show great opportunities to redefine the manufacturing order, avoid or reduce riveting, and significantly decrease the lead time. Joining of fuselage shells made of aluminum or carbon fiber reinforced plastics with thermoset resin, mostly requires drilling and fastening. Resulting chips or dust prevent the pre-installation of cabin systems and components due to the required cleaning process after joining. With thermoplastic carbon fiber resin materials joining by welding becomes dustless. The multifunctional fuselage demonstrator developed in LPA WP2.1 will have two cylindrical, thermoplastic half shells that shall be manufactured by Platform 2 core partners and joined to one single-aisle fuselage section. This enables a re-arrangement of the assembly process chain, since pre-installation would now be possible (performing the pre-installation is not part of this topic). The major advantage in this scenario is the pre-installation on the open fuselage half-shells, so structural or cabin components no longer have to fit through the entrance doors of the fuselage. Furthermore, large pre-assembled modules could be prepared in parallel to the manufacturing of the fuselage shells and lifted, positioned and fastened into the open fuselage. However, the longitudinal and circumferential joint of pre-installed fuselage shells becomes even more challenging. Within this project, an automated solution has to be developed taking into account a double-sided accessibility and in terms of space and weight limited accessibility for full fuselage sections. Major Objective The major objectives of the multifunctional fuselage demonstrator are illustrated in Figure 1. The overall system reference is based on the A321 ACF with respective dimensions. For conceptual design the automation system is supposed to assemble parts with a longitudinal length of up to 25m, albeit the demonstrator in this project will have a length of 8m. The conceptual design of the shells as well as the fuselage demonstrator is still in progress. All required information will be provided within the start phase of this project.
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Figure 1: Major Objective The maximum distributed normal force that can be applied to the floor panel inside the fuselage for cabin and cargo is F = 750 N/in². The normal force for rolling load is 40kg per roll with a contact area of approx. 200mm². Because of one-sided loads/ wrong handling the A/C Manufacturer suggest using a safety factor of min. 50%. To realize the assembly process of a thermoplastic fuselage, tolerances become a major topic. The positioning and orientation of the fuselage shells as well as resulting deformations caused by the welding process need to stay within the tolerances. Comparable accuracies can be oriented to the state of the art process of longitudinal joint. Here, the position error in each direction should be within 0.5mm (in some exceptions up to 1mm). Even if the final requirement is currently not available for the thermoplastic joining process, the same positioning accuracy can be assumed. Furthermore, in the state of the art, process gaps between both shells are filled with sealant material. While riveting the sealing gap between the shells have to be reduced to a minimal gap size. For the thermoplastic welding process it would be necessary to fulfill an all-over contact between the joining areas. The final thermoplastic welding technology – developed by the core partners – will be choosen at the beginning of this project. However, it can be assumed that a pre-load on the joint surface from both sides of approx. 1000N (independent of the welding technology) for a welding seam of 20mm width is required by the automation system. Furthermore, the core technology for the welding end-effector will have an own weigth of minimum 100kg. This does not includes further required peripherie, like media and power supply or adapters.



Figure 2: State of the art of half-shell longitudinal joining
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Environmental requirements and limitations For the development of the demonstrator various partners are involved. The Workshare of these partners is illustrated in Figure 2. Three core partners will design, develop and produce the shells and the welding technology. Supported by the Topic Manager, the applicant will develop an automated plant system for the longitudinal and circumferential joints. The process and device for positioning and shape adjustment of the shells will be provided by the Topic Manager. The final multifunctional fuselage demonstrator will be provided to the A/C Manufacturer. As such, accession to the LPA Platform 2 consortium agreement will be proposed to the selected applicant(s).



Figure 2: Work-Share in Consortium and Processchain In Figure 3 the dimensions of the available assembly plant system at the Topic Manager facilities are illustrated. The automated part manipulation enables precise and stress-free holding of almost every part within 2m to 8m in length and up to 6m height. The assembly plant system is currently able to hold a 180° shell of a single aisle airplane. This is made possible by a flexible arrangement of currently 10 co-operating hexapods, 24 linear units and modular rack elements. Vacuum grippers with force and torque 6D sensors gently adjust the pose and shape of the part, as required by the tolerance management in the assembly process. Even complex joining motions can be implemented with co-operating hexapods. The guidance and monitoring of these fast and iterative adjustment processes is done by an optical measuring device. All necessary information regarding the existing plant system will be given at the beginning of the project by the topic manager.
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5750mm
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29 73 m m 6610mm Figure 3: Dimensions of available assembly plant system at Topic Manager facilities The Topic Manager will be responsible for the modifications of this assembly plant system for holding a whole 360° fuselage. These modifications will depend on the concept and development of the automated plant system for longitudinal and circumferential joint in this CfP. A vision of possible concepts can be seen in Figure 4. For the demonstration of joining, the fuselage shells will be equipped with adapter parts at both joints. This will enable multiple trials as the adapters can be replaced after a complete joint and the process can be repeated and optimized.



Figure 4: Vision | Longitudinal joint (left) and assembly on open fuselage (right)
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2. Scope of work The main scope of this project is the conceptual design, the elaboration and the realization of a full scale test setup for automated assembly and joining processes of a multifunctional fuselage demonstrator. The test setup has to be integrated into the existing plant system of the Topic Manager. The applicant is expected to design and elaborate manufacturing concepts for the following 3 use cases: 1. Longitudinal Joint of two thermoplastic fuselage half shells 2. Circumferential Joint of thermoplastic fuselage sections 3. Assembly of structural and/or cabin components on an open fuselage half shell For the design, the elaboration as well as the manufacturing and set up phase the existing hardware of the topic manager (see Chapter 1 “Environmental requirements and limitations”) has to be taken into account. The expected set up of an automated plant system as well as the first tests, the optimization and the final validation will take place at shop floor of the topic manager and will be limited to the first and the second use case. The joining technology – thermoplastic welding process – will be developed by a CleanSky 2 LPA core partner. The core technology will be made available by the core partner. The applicant will have to integrate this technology in form of an end-effector to the automation concepts and the plant system set up. The topic manager will support the applicant with information concerning the fuselage demonstrator design and existing hardware. Work packages and tasks to be executed are listed as shown in the table below: Tasks Ref. No. WP 1



WP 2



Title - Description Design and selection of manufacturing concepts for full size automated plant systems regarding 3 use cases: Longitudinal Joint, Circumferential Joint and Assembly on open Fuselage  Definition and collection of requirements for all 3 use cases  Elaboration of specification sheet  Analysis of automation potentials for all 3 use cases  Development of concepts for all 3 use cases  Assessment of results together with the topic manager, the A/C manufacturer and the core partners  Selection of final concept together with the topic manager, the A/C manufacturer and the core partners Elaboration and design of selected concept(s) for all 3 use cases, taking the existing plant design of the topic manager into account  CAD design of plant system  Development of plant control  Integration of existing controller at topic managers facility  Simulation of manufacturing process for all 3 use cases  Integration and modification of thermoplastic welding technology
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Tasks Ref. No. WP 3



WP 4



WP 5



WP 6



Title - Description Manufacturing and set up of full size automated plant systems for demonstration of the use cases thermoplastic welding of Longitudinal Joint and Circumferential Joint  Ordering and manufacturing of sub-components  Pre-integration of sub-modules and first tests at the partners facility  Integration of automated plant at topic managers facility Start-up of automated plant system, first tests, optimizations and process development of joining technology in collaboration with the topic manager  Start-up of system components  Programming and optimization of automated units  Development of full scale automated welding process of Longitudinal Joint and Circumferential Joint using adapter elements between fuselage shells Final tests of joining processes on full scale multifunctional fuselage demonstrator  Final tests of joining processes  Preparation for final joint processes of multifunctional fuselage demonstrator  Final demonstration of industrialized automated joining processes  Validation and documentation of results Demonstration and tests of robustness as well as reproducibility of joining processes with the validated automated plant system  Supporting for the topic managers activities  Multiple joining tests and analysis of disturbance behavior  Investigations on joining accuracy and reproducibility  Process variations  Analysis and simplified tests for further use-cases and applications
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3. Major deliverables/ Milestones and schedule (estimate) Milestones Ref. Title - Description No. M1 Design and selection of manufacturing concepts completed M2 Elaboration and design of selected concept(s) completed M3 Set up of automated plant system completed



M4



Start-up phase and process development completed



M5* M6



Final tests completed and process evaluated Robustness and reproducibility evaluated



Type Report Report, CAD data All hardware components ready for start-up Tested automation system with full functionality Report Demonstration



Due Date t0 +6 t0 +12 t0 +18



t0 +24



t0 +30 t0 +36



Deliverables Ref. No.



Title - Description



Type



Due Date



D 1.1



Preliminary concepts



Report/Presentation



t0 +3



D 1.2



Final evaluated and selected concepts



Report



t0 +6



D 2.1



Preliminary design



Presentation & CAD data



t0 +9



D 2.2



Final elaborated design



Report & CAD data



t0 +12



D3



Automated plant system



All automation components like tools, end-effectors and programs



t0 +18



Demonstration



t0 +24



Report & Demonstration



t0 +30



D4 D 5*



Tested functionality of plant system and optimized joining process Final evaluation of joining processes in full scale



*



This is a critical deliverable and milestone in terms of interactions with the overall consortium as well as the time schedule of the multifunctional fuselage demonstrator. For this reason, the validation of the full scale joining process is scheduled due to the date t0 +30 and not to the end of the project.
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Year 1 Activity



months  t0



Design and selection of manufacturing concepts for full size automated plant systems regarding 3 use cases: Longitudinal Joint, Circumferential Joint and Assembly on open Fuselage Elaboration and design of selected concept(s) for all 3 use cases, taking the existing plant design of the topic manager into account Manufacturing and set up of full size automated plant systems for demonstration of the use cases: Thermoplastic welding of Longitudinal Joint and Circumferential Joint Start-up of automated plant system, first tests, optimizations and process development of joining technology in collaboration with the topic manager Final tests of joining processes on full scale multifunctional fuselage demonstrator Demonstration and tests of robustness of joining processes with the validated automated plant system



+3



+6



D



M D



Year 2



+9



+12



D



M D
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4. Special skills, Capabilities, Certification expected from the Applicant(s) The Applicant shall be a worldwide operating and leading expert in the development, realization and supply of automation systems possessing additionally the skills and capacities necessary for the implementation of an innovative project within the aerospace industry. Furthermore, the applicant must have extensive experience in the realization of automation systems for large aerospace components. In the following, further special skills are listed:         



Capabilities in development, realization and supply of flexible automation solutions Capabilities in development, realization and supply of flexible jigs, end-effectors and automation equipment Knowledge in automation of bonding processes for primary structures in aerospace industry Capabilities in sensor guided automation processes for joining Knowledge in handling of large CFRP elements Capabilities in development, realization and supply of software for communication between versatile and mobile systems for automated assembly lines Knowledge in simulation and virtual commissioning of automated systems Proven expertise in the set-up of automation plants for large aircraft components Established supplier for the aircraft industry
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XIII.



Design and development of smart sensors for detection of human cognitive states implementable in cockpit environment



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 3.1.4.9



Indicative Funding Topic Value (in k€)



800



Topic Leader



Honeywell International



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date14



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-LPA-03-13



Design and development of smart sensors for detection of human cognitive states implementable in cockpit environment



Short description The applicant(s) will be responsible for research, design and development of advanced sensing hardware that reduces intrusiveness and improves performance with respect to state of the art. The novel sensors will be prepared for installation in a Business Jet/Large Passenger Aircraft cockpit in compliance to regulations.



14



The start date corresponds to actual start date with all legal documents in place.
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1. Background In the Platform 3 of Large Passenger AircraftIADP, an activity related to Pilot State Monitoring in Business Jet cockpit aims at developing a prototype of a system that will initially detect drowsiness/sleep and in a second step enable real time monitoring of pilot workload during operations in an aircraft cockpit. Integrating Pilot State Monitoring technology in a Business Jet cockpit improves fatigue risk management by detecting drowsy crew member, thus contributing to a safer flight. In commercial aviation, fatigue has been classified by NTSB as a “most wanted risk” and by NBAA as a “key hazard” since excessive fatigue, and sometimes two sleepy crew members, contributes indirectly or directly to 70% accidentology. Key contributors to fatigue are long haul flights and deprived sleep (typically less than 5 hours). Long Range Business Jet crew members can be significantly impacted by those conditions. FTL regulations being in place for Business Jets today, a 3rd crew member would have to be present for long haul flights without any Pilot State Monitoring technology in the cockpit. Pilot State Monitoring in Business Jet cockpit will allow for flights without a 3rd crew member at no additional risk compared to today’s standard, providing that a drowsiness detection system can prevent the sole crew from falling asleep when the other crew member is sleeping. In this respect, Pilot State Monitoring technology contributes to the competitiveness of European Business Jet thanks to the design of an optimized cabin layout. In the Platform 3 of Large Passenger AircraftIADP, the topic leader started developing a prototype based on COTS sensors which is acquiring biological and behavioral data that are interpreted in machine learning module with respect to sleep/drowsiness & presence. The sensors are placed in a cockpit simulator regardless of installation restrictions within a real aircraft cockpit. A pool of sensors that provide data for fusion and interpretation regarding the state of the pilot was initially selected based on their applicability in sleep/drowsiness & presence detection as well as on experience in other industries such as automotive. It is intentended to keep maturing this prototype with the integration of a new generation of sensors specifically developed for long-term state inference in aircraft cockpit. Those sensors should be the outcome of this topic and are intended to detect sleep/drowsiness and presence. They should take into account the requirements of their integration into a cockpit, and particularly be non-intrusive with a high acceptance factor by the crew. The maturation of the different bricks of the technology is scheduled as follows:
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2. Scope of work The applicant shall design and develop advanced sensing hardware for the purpose of Pilot State Monitoring in a Business Jet cockpit. The sensing hardware will respect data transfer interfaces defined by the topic leader before the start of the project and will be integrated by the topic leader into a prototype in accordance with integration guidelines provided by the applicant. It is expected to depart from existing sensors already developped for different applications in other industries (e.g. automotive, biomedical) and the project will drive their adaptation and maturation to meet the requirements of the aerospace industry. The applicant will be able to propose at least two different sensing technologies to meet the objectives of the project. To date, because of for their high acceptance in the cockpit and their potentiality in terms of biodata measurement, the preferred technologies are: -



vision sensors that can be integrated in the dashboard (e.g remote eyetracker, 3D cameras, etc…) sensors that can be integrated into a pilot seat (e.g. pressure sensors, electrocardiogram, etc…)



Nevertheless, the applicant(s) have the flexibility to propose other innovative technologies that he foresees fit for purpose. There are three main technical challenges that the applicant will have to address with the novel sensor designs in order to provide robust and reliable detection of biosignals or physiological markers   



The ability of the human operator to perform his tasks must not be limited. In particular, pilots frequently move while seating to operate controls in the cockpit. Unlike in automotive, the frontal view of head is not conserved for most of the time as pilots monitor several displays in the cockpit. The environmental conditions change frequently and may alternate between extreme values in short time. Specifically, the effect of varying lighting conditions, vibrations and inertial forces must be considered. The cockpit environment provides limited resources in terms of placement, space and power supply.
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In order to successfully solve the challenges, the applicant will review his current sensor solution and design improvements to the sensor hardware to meet detailed requirements provided by the topic leader. As part of the work, it is expected that certain level of signal pre-processing will be performed inside the sensor. The applicant will create software API to allow for data transfer from the sensor to the analytics prototype under development. The API will be defined in cooperation between topic leader and applicant(s) and will allow for exchange of signal data in close to real time conditions. The signal data consider a respective biosignal as well as associate quality descriptors – noise ratio, signal validity etc. The performance of the novel sensors will allow to detect via the analytics prototype the human psychological states of incapacitation, sleep and drowsiness, and in the longer term also a states of stress and workload. The existing analytics protype being based on state-of-the-art COTS sensors, the technologies developped in this topic should have the following features:   



SmartEye cameras for facial features (head roll and yaw, eye opening dimension and optionally derived metrics such as PERCLOS) Empatica wrist band for heart rate and electro-dermal activity Binary 3x3 pressure sensor array for movement and posture detection



Unlike the state-of-the-art COTS sensors, the new generation sensors will acquire bio-signals without any direct skin contact with the pilot and pilots will interact minimally with the sensors in terms of personal adjustments or calibration. An exception could be accepted for sensors newly integrated to devices that are already in contact with the pilot such as goggles, headsets, etc... Also non-intrusive sensors shall not obstruct behavior of the pilot in the cockpit nor obstruct the view of the pilot to any control or display in the cockpit or out of the window. Finally, they shall not create nuisance nor distractrion to the pilots. The topic leader will validate the solution in the cockpit of Falcon 7X bussines jet aircraft and as part of the requirements in the beginning of the project, the topic leader will provide specification of cockpit geometry and resource limits for space and power supply. The applicant will assure the compliance of sensors to this specfication and will assist the topic leader in integration of the sensors in the cockpit and with the analytics prototype. The outcome of this project will be a prototype of a system based on a sensor suite, integrated in a representative environment of a Business Jet aircraft cockpit for validations at TRL 6.
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Tasks Ref. No. Task 1



Task 2



Task 3



Task 4



Task 5



Title – Description Specification of new sensors for aircraft cockpit Description: Based on the topic leader high level requirements and cockpit geometry provided at the start of the project, the applicant shall specify target CTQs of each sensor that the applicant will mature. The CTQs must consider all key elements enabling a route to exploitation. The specification shall contain feasibility study explaining how the CTQs will be met. Result: Report Application of sensor data for assessment of human operator state Description: The applicant shall develop a software interface (API) that allows for real-time assessment of markers for human operator state. The task covers spatial/temporal resolution of signal, algorithms for signal preprocessing on sensor hardware to reduce data traffic and means of data transfer from the sensor to the prototype of Pilot state monitoring system. Result: SW API for data acquisition from a sensor with API documentation Design and development of sensors Description: The applicant shall design and develop sensor hardware to meet specified CTQs. The sensors shall meet CTQs in laboratory environment at applicant’s facility Result: sensor HW and laboratory test report Validation of sensors in relevant environment Description: The applicant shall contribute to setting up a validation in relevant environment, e.g. aircraft simulator. The applicant shall support the integration of his sensors into the Topic Leader’s environment. Potential integration into aircraft for flight testing if any is not under the responsibility of the applicant. Result: instruction documents and physical assistance Deployment of sensors in relevant environment Description:The applicant shall provide a thorough documentation for the final integration of his sensors in a real cockpit. The documentation shall cover required resources, necessary wiring, spatial restrictions and feasibility of compliance to regulations. Result: Installation documentation
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3. Schedule for Major Deliverables/Milestones (Estimate) Deliverables Ref. No.



Title – Description



Type*



Due Date



D1



Sensor specification and regulation compliance



R



Q2 2019



D2



Algorithms for signal refinement and interpretation



R



Q3 2020



D3



Improved sensors and cockpit integration



HW



Q1 2021



D4



Validation report



R



Q2 2021



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certifications expected from the Applicant(s) 



   



Design and manufacturing of sensors for one or more of mentioned biological signals. The efficient design of the sensor requires basic understanding of physiology related to the biosignal that the sensor should detect. Digital signal processing and methods for improving signal quality for detection of low amplitude signals in noisy environment. Ergonomics for designing solution that does not affect the activity and comfort of pilots especially in long term monitoring. Design and manufacturing for aviation or other transportation industry with unstable environment, spatial constraints. Understanding of regulations in aviation on applicable materials and methods for signal acquisition.



5. Abbreviations API COTS CTQ ECG fNIR FTL NBAA NTSB TRL



Application Programming Interface Commercial Off The Shelf Critical To Quality Electrocardiogram Functional Near-InfraRed spectroscopy Flight Time Limitation National Business Aviation Association National Transportation Safety Board Technology Readiness Level
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XIV.



Innovative validation methods and tools for FMS



Type of action (RIA or IA)



IA



Programme Area



LPA



Joint Technical Programme (JTP) Ref.



WP 3.5



Indicative Funding Topic Value (in k€)



900



Topic Leader



Thales Avionics



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



24



Indicative Start Date15



Q2 2018



Topic Identification code



Topic Title



JTI-CS2-2017-CfP07-LPA-03-14



Innovative validation methods and tools for FMS



Short description The objective is to avoid late detection of inadequate design and accelerate maturity growth of new functions within FMS product by increasing drastically the FMS operational exposure, by securizing the whole data chain from originator to embedded FMS product, and by extracting value from larger amount of simulated trajectory data with big data mining techniques.



15



The start date corresponds to actual start date with all legal documents in place.
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1. Background The Flight Management System (FMS) avionic product uses lots of data and specifically a navigation Data Base containing, among other data, coded departure and approach procedures for taking off or landing at airports. The corresponding end-to-end data chain include three consecutive steps :  Design of the aeronautical procedures described in charts  Coding of these procedures into a navigation data base  Generation on board within avionics by the FMS of the corresponding reference trajectory to be flown for a specific mission



Today, the above steps are considered independently. An end-to-end validation of these steps, although such an approach has never been performed, would be highly beneficial. Indeed it would :  



improve flight safety by securing the whole data chain from originator to embedded FMS product, when flying high precision trajectories such as RNP AR and/or RNAV visual procedures, offer extended demonstration means to aviation authorities to accelerate validation of new procedures.



The Flight Management System is also a very complex avionic product by itself : indeed it is a very open system, meaning multiple interactions from the crew are permitted to initialize the mission, perform flight plan revision during its execution (around 160 ways of altering it !), and tune parameters. This high combinatorics explains why, even if certified, problems on usage are still reported by airlines during commercial operations. In order to validate new Cleansky functions to avoid late detection of inadequate design, and to achieve a maturity objective at end of CleanSky II compatible with insertion of these functions into a civil transport disruptive cockpit platform, increasing drastically the FMS operational exposure is then a must have . CFP07 Call Text (preliminary version) [PP1] – September 2017
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From this perspective, it is necessary to be able to cope with a number of simulations at least an order of magnitude (a few tens of millions of trajectories) larger than what is classically done during validation and verification steps. It will require also to significantly improve FMS tests analysis by extracting value from very large amount of trajectory data with big data analysis and data mining techniques. The performance objective here is to decrease the analysis duration from 2 weeks to one day : this will offer a new horizon for the maturity and robustness of new capabilities.



2. Scope of work The final objectives are to: i. Quantify and qualify offsets between the theoretical trajectories and computed trajectories by FMS for departure and approach procedures. Issue recommendations upon design and sizing for procedures, and coding rules, and comfort FMS computation hypotheses, ii.



Enhance FMS system tests in term of level of exposure through acquisition of methods and means for large scale dynamic exposure,



iii.



Enhance FMS validation and verification tests analysis to accelerate design maturity through acquisition of data analytics methods and means, to be applied to the very large simulation tests sets obtained.



i)



With regards to approach procedures, combined validation of procedure design/coding on one side, and trajectory computation by FMS on the other, is required to validate more easily and speedily new chart production, and in case of anomaly to isolate and allocate defects sources either to procedures definition or to FMS computations. The concrete expected activity is to define and implement comparison means between a ground computed reference theoretical trajectory underlying procedure definition and an FMS generated one. Hence expected work encompasses the following items :



ii)







Specification of comparison algorithms upon distance measures between the two trajectories and threshold criteria







Development and validation of comparison tool



Intensive validation within a representative operational environment is required to acquire FMS design maturity for new CleanSky functions. The objective is here to define and prototype a virtual crew module for FMS IVV means aimed at emulating pilots actions, thus allowing large scale dynamic testing.
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Expected work is aimed at increasing the representativity of the tested set of crew interactions. It includes : 



iii)



Definition and prototyping of means allowing to : o



Generate and insert synthetic perfect pilot actions scripts through simulation facility or FMS man-machine interface



o



Generate and insert synthetic pilot unexpected/imperfect actions scripts through same items (late pilot actions for instance)



o



Insert post flight analyzed or recorded pilot actions script for replay on simulation facility



Intensive testing required to perform new CleanSky functions operational validation implies a significant reinforcement of FMS validation and verification through the analysis of a very high volume of computed trajectory data as test results (a few tens of millions of trajectories) . To cope with that a change of paradigm for tests analysis is sought after by introducing classification prior to detailed “abnormal”cases analysis Expected tooling for that is a set of data analytics tools. Expected work encompasses: 



Definition and implementation of methods and means to store and archive trajectories computed by FMS in a data warehouse







Structured trade-off of data mining methods and tools (statistics oriented : ‘R’, Statistica, … ; classification oriented : WEKA, Orange, Python library) for :







o



Trajectory anomaly / outlier detection



o



Unstructured classification of FMS produced trajectories : correlation analyses and clustering



Provision of a customized tooled up set including the selected functional bricks and MMI facilities allowing : o



Data storing, data preprocessing (local features extraction, global trajectory characterization aids), data clustering



The work breakdown and deliverables proposed here below to achieve this goal may be rearranged by the partners to facilitate their workflow.
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Tasks Ref. No.



Title – Description



Due Date



WP1



Technical resources and problem definition



T1 + 5 months



WP2



Innovative FMS validation methods and tools design



T1 + 10 months



WP3



Innovative FMS validation methods and tools development



T1 + 16 months



WP4



Innovative FMS validation methods and tools validation



T1 + 21 months



WP5



Support and evolution



T1 + 24 months



This work could benefit from:  the collaboration with approach procedures providers,  the experience of Advanced Research Institutes with a strong background on data analytics,  an industrial experience with regards to aeronautical navigation products. WP1 : Technical resources and problem definition The objectives of this work package are to:  describe technical resources : o characteristics of FMS generated trajectories obtained by simulation o input data for combined analysis of procedure reference trajectory and FMS generated one, o status on applicable methods to FMS generated trajectories classification, both from a local view and from a global one  define technical problem : o actions to be modelled, use cases & functional scope spanning for a virtual crew module o core parameters and criteria for procedure reference trajectory and FMS generated one comparison o FMS trajectories data warehouse organization and sizing, tooled up suite architecture  define technical requirements for : o comparison of procedure reference trajectory and FMS generated one, o virtual crew module and replay of test scenario (capabilities and interfaces) , o data analytics studio including data warehouse for simulated trajectories, processing components for outlier detection and trajectories classification and user MMI. WP2 : Innovative FMS validation methods and tools design After the specifications, the methods and tools design process should convert them into solutions. Consequently, the objectives of this work package are to:  define and describe solutions for trajectory comparison (external interfaces, internal parameters, relations between external interfaces and internal parameters),  define and describe solutions for virtual crew model (external interfaces, replay capability),  select and describe solutions for trajectories data warehouse and data analytics studio (external interfaces, replay capability),
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give a first description of validation tests according to technical requirements defined in WP1 for the three items (combined procedure/FMS validation comparison tool, virtual crew model, data analytics studio) define and describe a preliminary validation plan (scenarii, criteria) for the above three items



WP3 : Innovative FMS validation methods and tools development The objectives of this work package are to:  develop comparison tool for combined procedure/FMS validation according to the design established in WP2,  develop virtual crew model according to the design established in WP2,  develop trajectory data warehouse, data analytics building blocks and user MMI ; perform unit testing and integration of these components WP4 : Innovative FMS validation methods and tools testing The objectives of this work package are to:  define detailed validation test plan for the three items (combined procedure/FMS validation comparison tool , virtual crew model, data analytics studio)and description of testing chains,  develop testing means,  apply validation test plan and analyse results. WP5 : Support and evolution The objective of this work package is to provide a support for possible problem fixes or evolutions. This WP shall guarantee the maintenance of the developed components until the end of the project by providing fixes of the last unsolved anomalies and the delivery of the final version.



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title – Description



Type



Due Date



D1.1



Technical Resources and Problem Definition Document (V1)



T1 + 2 months



D1.2



Technical Requirement Document (V1)



T1 + 4 months



D2.1



Comparison tool Description Document (V1)



T1 + 8 months



D2.3



Virtual crew and replay capability model Description Document (V1) Data analytics Description Document (V1)



D2.4



Validation Test Plan (V0)



T1 + 9 months



D3.1



Comparison tool Package Delivery (V1)



T1 + 14 months



D3.2



Virtual crew and replay capability model Package Delivery (V1)



T1 + 14 months



D2.2
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Deliverables Ref. No.



Title – Description



Type



Due Date



D3.3



Data Analytics Package Delivery (V1)



T1 + 15 months



D4.1



Validation Test Plan (V1)



T1 + 17 months



D4.2



Validation Test Report Delivery (V1)



T1 + 20 months



D5.1



Tools Packages Delivery (V2)



T1 + 23 months



D5.2



Update of previous documents if required(V2)



T1 + 23 months



Milestones (when appropriate) Ref. No.



Title – Description



Type



Due Date



M1



Prototypes Development Readiness Review



T1 + 10 months



M2



V1 Results Review



T1 + 21 months



M3



Final Acceptance



T1 + 24 months



4. Special skills, Capabilities, Certification expected from the Applicant(s) Skill 1: Approach procedure charts design Whatever the solution for , the partners shall demonstrate that they have in depth knowledge of how approach procedures charts are derived from an initial data set. With respect to input data, this includes capture, storage, analysis, data curation, data use, visualization, querying, updating. Skill 2: Data Analytics technologies This topic implies a strong request for innovation on trajectory data analysing processes including outlier detection and classification functions design (beyond use of classical methods). The partners shall demonstrate that they have the knowhow and the background in data analytics domain. They could benefit from experience of advanced research institutes.



5. Abbreviations FMS IVV RNP AR



Flight Management System Integration, Validation and Verification Required Navigation Performance Authorization Required
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6. Clean Sky 2 – Regional Aircraft IADP I.



Full scale innovative composite frames and shear ties for Regional Aircraft Fuselage barrel on-ground demonstrators



Type of action (RIA or IA)



IA



Programme Area



REG



Joint Technical Programme (JTP) Ref.



WP 3.2



Indicative Funding Topic Value (in k€)



2100



Topic Leader



Leonardo Aircraft



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



16



Indicative Start Date16



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-REG-01-11



Full scale innovative composite frames and shear ties for Regional Aircraft Fuselage barrel on-ground demonstrators



Short description Validation at full size level of CFRP frame and shear tie manufacturing process (Thermoplastic / Infusion) and fabrication of 2 shipsets for Regional Aircraft Fuselage barrel on-ground demonstrators. Moreover an industrial and cost evaluation based on a pre-defined production business case is requested.



16



The start date corresponds to actual start date with all legal documents in place.
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1. Background Activities to be performed according to the present Topic description are included in a wider context of work in the framework of the Regional Aircraft IADP of Clean Sky 2. In particular, the Work Package 3.2 “Fuselage/Cabin Integrated Ground Demonstrator” represents the field where activities requested to the Applicant shall be performed. The relevant Work Breakdown Structure is shown below putting in evidence the WP 3.2: R-IADP



WP 1 HIGH EFFICIENCY REGIONAL A/C



WP 2 TECHNOLOGIES DEVELOPMENT



WP 0.1 Program



WP 1.1 Innovative A/C Config.



WP 2.1 Adaptive Electric Wing



WP 3.1 Airvehicle Tech (FTB1)



WP 0.2 Contracts



WP 1.2 Top Level A/C Req.ts



WP 2.2 Regional Avionics



WP 3.2 Fuse. / Cabin Gnd Demo



WP 0.3 Risks



WP 1.3 Technologies Requiremets



WP 2.3 Energy Opt. Regional A/C



WP 0 MANAGEMENT



WP 0.4 Quality



WP 2.4 Innovative FCS



WP 3



WP 4 TECHN. DEV. / DEMO RESULTS



DEMONSTRATIONS



Main Interfaces with SYSTEMS ITD



WP 0.5 Dissemination



WP 3.3 Flight Simulator WP 3.4 Iron Bird



WP 4.1 Technology Assessment



Main Interfaces with “High Versatility & Cost Efficiency” AIRFRAME ITD



WP 4.2 Ecodesign Interface



WP 3.5 Hi-Lift Adv. TP (FTB2)



WP 0.6 Interfaces WP 0.7 Core Partners



More in detail, the activities will cover the definition, design, manufacturing, assembling and on-ground testing phases for full-scale structural Fuselage and passenger Cabin demonstrators representative of a Regional Aircraft. Innovative low cost and low weight technologies shall be intagrated into the Fuselage structural demonstrator with the objective to obtain: structural weight reduction, manufacturing recurring cost reduction, maintenance improvement and implementation of new eco-compatible materials and processes. Innovation based on an human-centered-design approach and on board systems shall be intagrated into the passenger Cabin demonstrator with the objective to obtain: improvement of cabin comfort and wellbeing, cabin interiors weight reduction, cabin interiors manufacturing recurring cost reduction, implementation of new eco-compatible materials and processes.



2. Scope of work Actually thermoset composite materials are currently used in a wide range of applications in the aerospace industry in order to reduce weight and to optimise corrosion resistance and directional performances compared to metallic solutions. Nevertheless, today reference for fuselage frames/shear ties is metallic technology because composite standard manufacturing processes are not convenient due to higher recurring costs. CFP07 Call Text (preliminary version) [PP1] – September 2017
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For this reason, in order to take full benefit of the composite properties for a future regional Turbo Prop aircraft development, the focus needs to be on manufacturing time reduction through innovative concepts and technologies such as liquid resin infusion and thermoplastics processes. Researches carried out in recent years and still nowadays on-going are proving the technical feasibility of liquid infusion and thermoplastic material based processes to manufacture structural aeronautical components, but they need to be up-scaled at industrial level, upon checking the technical, economic and environmental impact in real productive conditions. The scope of the present Topic is therefore the fabrication of regional aircraft composite fuselage frames (typical frames and “door surround” frames), shear ties and related splices, using advanced and innovative industrial manufacturing processes that allow a significant reduction of part weight (with a consequent reduction of operating costs for airlines) with at least same overall production costs, compared to traditional metallic solutions. To achieve this objective, the main activities requested to the selected Applicant are divided and described in the tasks listed in the following table: Tasks Ref. No.



Title - Description



Due Date



1



Process set up and validation at full size level



M0+8



2



Parts fabrication for on-ground fuselage demonstrators



M0+16



3



Industrial cost evaluation



M0+16



a)



Task 1: Process set up and validation at full size level In the present task the selected Applicant, on the basis of material and technology identified by Topic Manager and to be detailed at KOM, is requested to identify the best choices regarding process details, driven by manufacturing costs reduction and high volume industrial applicability. The Applicant will then fabricate a full scale part for each of the representative families, verifying the compliance with drawing requirements through destructive and non destructive characterization, in order to validate and freeze process steps and parameters for final demonstrators. The following fabrication processes and materials shall be preliminary considered for all Frames: - RTM process with the selected materials coming from COFRARE 2.0 Call for Proposal (RTM 6 resin system and Dry NCF Preforms with carbon fibers); The following fabrication processes and materials shall be preliminary considered for Shear Ties and Splices: - Thermoforming process with thermoplastic material PPS/carbon T300J 5HS; The final manufacturing technologies (material and process) for each part family will be confirmed and detailed by Topic Manager during the KOM.
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In details the following activities shall be performed by the selected Applicant: - Selection of the most economical process details for high volume production. - Purchasing of all materials needed for parts fabrication (deliverable and auxiliary). - Design and construction of necessary tools for full scale manufacturing trials. - Availability of necessary facilities/equipments. - Process parameters set up. - Manufacture of representative full scale items (1 for frame and 1 for shear tie) to be selected, in accordance with Topic Manager, among part families described in Task 2. - Manufacture of NDI standard on the basis of information that will be provided by Topic Manager. - Visual analysis, dimensional check and ultrasonic inspection of each full scale manufacturing trial. - Destructive characterization (micrographic and chemical-physical) of each full scale manufacturing trial to check/quantify possible internal defects, such as porosity, delamination, inclusion, wrinkles, resin richness, resin content, fiber volume, etc. - “Producibility Report” issue to verify parts producibility in accordance with drawing requirements using the selected innovative process. - “Manufacturing Process Control Document” issue, describing all process parameters and manufacturing steps to be used for final Demonstrators. b)



Task 2: Parts fabrication for on-ground fuselage demonstrators Topic Manager Company is responsible for design and sizing of the parts object of the present Call, while the selected Applicant is responsible for manufacturing of Frames, Shear Ties and Splices to be assembled (at Topic Manager facility) on N°2 on-ground composite fuselage demonstrators (one for structural test and one for comfort analysis). Each fuselage frame is composed by 3 sectors (crown, side, keel) joined by means of 3 frame splices. Each sector has a C-section shape and a curvature radius of about 1700 mm.



For typical frames, the crown sector has a constant height, while side and keel sections have height variation in zones where the floor beams are connected to the frames. Preliminary dimensions/thicknesses for typical frames are shown in the pics below: CFP07 Call Text (preliminary version) [PP1] – September 2017
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Preliminary dimensions/thicknesses for “door surround” frames are shown in the pics below:



Each frame is connected to the fuselage skin by means of shear ties as per the following sketch:
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Each shear tie has L-section shape and preliminary dimensions/thicknesses are shown in pics below:



Due to the variability of stringer bays, shear ties aren’t of the same length (approximately between 150 and 700 mm), but they can be collected in families of the same geometry. At the present day 3 families of shear ties are foreseen. Also joggles in the flange to be connected with the skin can be introduced. The three sectors of each single frame are joined by means of splices.



Each splice has a L-section shape and preliminary dimensions are shown in picture below:



The preliminary total number of frames, shear ties and splices are provided in the following table:
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The preliminary condition of supply of the parts are the following: - All parts should be trimmed in accordance with drawings - The typical frames should be drilled (key and coordination holes) - The door and splices frames should be drilled (coordination and pilot holes) - The shear ties should be drilled (pilot holes) for first Demonstrator (first and second shipments) while they should be blank (no hole) for second Demonstrator (third and fourth shipments). - Edge sealing and surface treatments in accordance with drawings. - it is requested to the selected Applicant to perform n°2 shipments for each Demonstrator, for a total number of 4 shipments. At KOM will be provided the list of the parts for each shipment. At KOM, the Topic Manager will provide to the selected Applicant the information about: - Detailed CATIA models - Final condition of supply In details the following activities shall be performed by the selected Applicant: - Purchasing of all needed materials (deliverable and auxiliary) for the fabrication of parts for two final Demonstrators. - Design and manufacture of tool chains for requested parts. - Manufacture of items for fuselage demonstrators with selected innovative process. - Quality Plan issue to be agreed with Topic Manager. - Visual analysis, dimensional check and ultrasonic inspection for each part. - Issue of quality Report containing the results of non destructive characterization and weight measurements of each part. - Shipment of the parts to Topic Manager (Pomigliano d’Arco-Naples Plant) c)



Task 3: Industrial cost evaluation This Task is addressed to evaluate the technical and economical impact deriving from the introduction of the selected innovative technology to allow the Topic Manager to compare it with existing baseline technologies (cost / performance evaluation). The final cost evaluation analysis shall be performed by selected Applicant who will be responsible for the following activities: - industrial assessment of non-recurring and recurring manufacturing costs based on the business case to be provided by the Topic Manager at KOM, with particular reference to automated solutions for high volume production.
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- detailed report issue, containing: - quantities and costs of auxiliary / deliverable materials - manufacturing process flow with details about touch labor - needed tools and related costs - typologies and characteristics of the necessary equipments and facilities



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type*



D1.1



Detailed schedule



R



M0+1



D1.2



Process selection



R



M0+2



D1.3



Tool design and fabrication



D/HW



M0+6



HW/R



M0+8



D1.5



Full scale manufacturing trial fabrication and characterization Manufacturing/assembly process description



R



M0+8



D2.1



Tool chain fabrication for items manufacturing



HW



M0+12



D2.2



Manufacturing and quality plans preparation



D1.4



D2.3



Due Date



R



M0+8



st



HW



M0+12



nd



Items fabrication for 1 demonstrator



D2.4



Items fabrication for 2 demonstrator



HW



M0+16



D3.1



Industrial cost evaluation



R



M0+16



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. M1 M2.1 M2.2 M2.3 M2.4 M2.5 M3



Title - Description



Type*



Due Date



Full scale manufacturing trial fabrication and characterization report Tool chain availability for parts manufacturing



R



M0+8



HW



M0+12



st



st



HW



M0+10



nd



st



HW



M0+12



st



nd



HW



M0+14



2 shipment for 2 demonstrator delivery



HW



M0+16



Industrial cost evaluation report



R



M0+16



1 shipment for 1 demonstrator delivery 2 shipment for 1 demonstrator delivery 1 shipment for 2 demonstrator delivery nd



nd



*Type: R=Report, D=Data, HW=Hardware
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4. Special skills, Capabilities, Certification expected from the Applicant(s) - Skill 1: Proven competence in design and stress analysis for aeronautical tools manufacturing. - Skill 2: Proven experience on aeronautical composites manufacturing innovative processes. - Skill 3: Proven experience on non-destructive inspections. Evidence of ultrasonic NDI qualification shall be provided. - Skill 4: Proven experience in cost estimation at industrial level for aeronautical full scale composite structures.



5. Abbreviations CFRP KOM NCF NDI PPS RTM



Carbon Fiber Reinforced Plastics Kick Off Meeting Non Crimp Fabric Not Destructive Inspection Polyphenylene Sulphide Resin Transfer Moulding



CFP07 Call Text (preliminary version) [PP1] – September 2017



107



II.



Full scale innovative composite doors, surrounds and sub-structure for Regional Aircraft Fuselage barrel on-ground demonstrators



Type of action (RIA or IA)



IA



Programme Area



REG



Joint Technical Programme (JTP) Ref.



WP 3.2



Indicative Funding Topic Value (in k€)



1600



Topic Leader



Leonardo Aircraft



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



16



Indicative Start Date17



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-REG-01-12



Full scale innovative composite doors, surrounds and substructure for Regional Aircraft Fuselage barrel on-ground demonstrators



Short description Validation at full size level of major CFRP door components manufacturing process and fabrication of 2 full shipsets of pax and service doors, surrounds and sub-structures for Regional Aircraft Fuselage barrel on-ground demonstrators with the implementation of innovative solutions for components integration. Moreover an industrial and cost evaluation based on a pre-defined production business case is requested.



17



The start date corresponds to actual start date with all legal documents in place.
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1. Background Activities to be performed according to the present Topic description are included in a wider context of work in the framework of the Regional Aircraft IADP of Clean Sky 2. In particular, the Work Package 3.2 “Fuselage/Cabin Integrated Ground Demonstrator” represents the field where activities requested to the Applicant shall be performed. The relevant Work Breakdown Structure is shown below putting in evidence the WP 3.2: R-IADP



WP 1 HIGH EFFICIENCY REGIONAL A/C



WP 2 TECHNOLOGIES DEVELOPMENT



WP 0.1 Program



WP 1.1 Innovative A/C Config.



WP 2.1 Adaptive Electric Wing



WP 3.1 Airvehicle Tech (FTB1)



WP 0.2 Contracts



WP 1.2 Top Level A/C Req.ts



WP 2.2 Regional Avionics



WP 3.2 Fuse. / Cabin Gnd Demo



WP 0.3 Risks



WP 1.3 Technologies Requiremets



WP 2.3 Energy Opt. Regional A/C



WP 0 MANAGEMENT



WP 0.4 Quality



WP 2.4 Innovative FCS



WP 3



WP 4 TECHN. DEV. / DEMO RESULTS



DEMONSTRATIONS



Main Interfaces with SYSTEMS ITD



WP 0.5 Dissemination



WP 3.3 Flight Simulator WP 3.4 Iron Bird



WP 4.1 Technology Assessment



Main Interfaces with “High Versatility & Cost Efficiency” AIRFRAME ITD



WP 4.2 Ecodesign Interface



WP 3.5 Hi-Lift Adv. TP (FTB2)



WP 0.6 Interfaces WP 0.7 Core Partners



More in detail, the activities will cover the definition, design, manufacturing, assembling and on-ground testing phases for full-scale structural Fuselage and passenger Cabin demonstrators representative of a Regional Aircraft. Innovative low cost and low weight technologies shall be intagrated into the Fuselage structural demonstrator with the objective to obtain: structural weight reduction, manufacturing recurring cost reduction, maintenance improvement and implementation of new eco-compatible materials and processes. Innovation based on an human-centered-design approach and on board systems shall be intagrated into the passenger Cabin demonstrator with the objective to obtain: improvement of cabin comfort and wellbeing, cabin interiors weight reduction, cabin interiors manufacturing recurring cost reduction, implementation of new eco-compatible materials and processes.



2. Scope of work The scope of the present topic is the development and validation of advanced fabrication and assembly processes of doors and their surrounds for regional aircraft composite fuselage which allow a significant reduction of the overall production costs and flows. Frequently metallic solution is in fact preferable, especially on regional aircraft, given its consolidated fabrication/assembly processes and consequent lower recurring costs. CFP07 Call Text (preliminary version) [PP1] – September 2017
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Therefore innovative processes shall be selected and tested in order to make the composite solution as the better one, within the overall cost balance, for a new regional aircraft. The activities to be performed are divided in the tasks listed in the following table: Tasks Ref. No.



Title - Description



Due Date



1



Process set up and validation at full size level



M0+8



2



Parts fabrication for on-ground fuselage demonstrators



M0+15



3



Parts assembly



M0+16



4



Industrial cost evaluation



M0+16



a) Task 1: Process set up and validation at full size level In the present task the selected Applicant, on the basis of material and technology identified by Topic Manager and to be communicated/confirmed at KOM, is requested to identify the best choices regarding process details, driven by manufacturing costs reduction and high volume industrial applicability. The Applicant will then fabricate a full scale part for each of the representative families, verifying the compliance with drawing requirements through destructive and non destructive characterization, in order to validate and freeze process steps and parameters for final demonstrators. The following fabrication processes and materials shall be preliminarily considered: - Thermoforming process with thermoplastic material (PPS matrix and T300 carbon fibers) for doors primary structures. - Welding technique for thermoplastic beams integration with door skins. - Thermoset material (977-2 resin system and IMS carbon fibers) for doors surrounds - Metal machining for fittings installed on doors and door surrounds. For assembly following processes/materials might be considered as valuable opportunities for innovation and cost reduction: One side installation bolt. One shot drilling. One Up Assembly for composite-composite stack-up. The final manufacturing technologies (material, process and assembly) will be confirmed and detailed by Topic Manager (TM) during the Kick-Off Meeting (KOM). The Applicant shall be responsible for: - Selection of the most economical process/assembly details for high volume production. - Purchase of all materials needed for parts fabrication (deliverable and auxiliary) and assembly. - Tool design and fabrication. - Selection and purchase of the needed equipments. - Process development and set-up for parts manufacturing, welding and assembly. - Manufacture of NDI standard on the basis of information that will be provided by Topic Manager. - Fabrication of a representative full scale item for each family (1 item for doors stiffeners and 1 CFP07 Call Text (preliminary version) [PP1] – September 2017
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-



-



item for surrounds) and a simplified subcomponent of welded door structure. The item choice will be communicated by TM during KOM. Structural testing on welded coupons for verification of mechanical properties. The test matrix and minimum requirements will be communicated by TM during KOM. Visual analysis, dimensional check and ultrasonic inspection of each full scale manufacturing trial. Simplified Mock-up door assy for innovative assembly technologies validation. Destructive characterization (micrography and chemycal-physical analysis) of each manufacturing trial (to check/quantify possible internal defects, such as porosity, delamination, inclusion, wrinkles, resin richness, resin content, fiber volume, etc.) “Producibility Report” issue to verify parts producibility in accordance with drawing requirements using the selected innovative processes. “Manufacturing Process Control Document” issue, describing all process parameters and manufacturing/assembly steps to be used for final Demonstrators.



b) Task 2: Parts fabrication for on-ground fuselage demonstrators Topic Manager Company is responsible for design and sizing of the parts object of the present Call, while the selected Applicant is responsible for manufacturing of Doors Assy and doors surrounds to be assembled (at Topic Manager facility) on N.2 on-ground composite fuselage demonstrators (one for structural test and one for comfort analysis).



Fig.1 Outbd View Fig.2 Inbd View Fig.3 Door Internal structure In Fig.1-2-3 an overview of the typical plug-tipe door is shown. The doors overall dimensions are as follows:
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Fig.4 Doors Dimensions



Fig. 5 Door Structure Elements of both doors are shown in figures 5. The preliminary conditions of supply of the parts are the following: - All parts shall be trimmed in accordance to drawings. - Edge sealing and surfaces treatments in accordance to drawings. Final part drawings and specific condition of supply will be provided by the TM during the KOM. Typical door surround structure is illustrated in Fig.6. The applicant shall supply all the longitudinal elements of the door surround (intercostals, upper and lower sills), seal, seal depressor and all the fittings (stop fittings, guides, shoot bolts housings).
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Fig.6 Door Surround The applicant shall be responsible for: Purchase of all materials needed for part fabrication (deliverable and auxiliary). Tool chain design and fabrication. Metal parts purchasing/machining. Fabrication and NDT inspection of all items for the demonstrators. Quality Plan issue to be agreed with Topic Manager. Issue of quality Report containing the results of non destructive characterization and weight measurements of each part. Shipping of all items of door surround to the TM’s facility (Pomigliano d’Arco – Napoli Plant). N.1 shipment for each demonstrator is requested to the Applicant for a total number of N.2 shipments. A detailed list of the parts for each shipment will be provided by the TM during the KOM. c)



Task 3: Parts assembly



Both demonstrators (Structural demonstrator and cabin demonstrator) will be equipped with a complete set of doors (pax and service). So the following items will be needed: N.1 Pax Door Assy for each demonstrator. N.1 Service Door Assy for each demonstrator. The precise number of parts and fasteners will be defined by the TM once completed the final assembly drawings. CFP07 Call Text (preliminary version) [PP1] – September 2017
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Final assembly drawing and specific condition of supply will be provided by the TM during the KOM. The applicant shall be responsible for: - Purchase of all needed materials and miscellaneous parts, including fasteners and semi-automatic tools for installation. - Design and fabrication of assembly jigs. - Assembly of all items for the fuselage barrel demonstrators. - Quality Plan issue to be agreed with Topic Manager. - Quality report of all items including weigth measurements. - Shipping of all door assies to the TM’s facility (Pomigliano d’Arco – Naples plant). N°1 shipment for each demonstrator is requested to the Applicant for a total number of N.2 shipments.



d) Task 4: Industrial cost evaluation This Task is addressed to evaluate the technical and economical impact deriving from the introduction of the selected innovative technology to allow the Topic Manager to compare it with existing baseline technologies (cost / performance evaluation). Industrial business case conditions will be provided by the TM during the KOM. The applicant shall be responsible for: - Evaluation of industrial recurring and not recurring costs, including fabrication and assembly, based on the above business case. Particular attention shall be given to innovative automated solutions for high volume production. - Detailed descriptive report containing: o quantity and associated costs of deliverable/auxiliary and standard materials; o fabrication and assembly phases with relevant cost of labour; o types and main characteristics of needed equipments and facilities; o list of tools/jigs and related costs.



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type*



D1.1



Detailed schedule



R



M0+1



D1.2



Process selection



R



M0+2



D1.3



Tool design and fabrication



D/HW



M0+6



Full scale manufacturing trial fabrication and characterization Manufacturing/assembly process description



HW/R



M0+8



R



M0+8



D1.4 D1.5
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Deliverables Ref. No.



Title - Description



Type*



D2.1



Tool chain fabrication for items manufacturing



HW



M0+9



D2.2



Manufacturing and quality plans preparation



R



M0+8



D2.3



st



HW



M0+12



HW



M0+15



Items fabrication for 1 demonstrator nd



D2.4



Items fabrication for 2



D3.1



Assembly jig fabrication



D3.2



demonstrator



Due Date



HW



M0+12



st



HW



M0+13



nd



Doors assembly for 1 demonstrator



D3.3



Doors assembly for 2 demonstrator



HW



M0+16



D4.1



Industrial cost evaluation



R



M0+16



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. M1 M2.1 M2.2 M2.3 M3.1 M3.2 M4



Title - Description



Type*



Full scale manufacturing trial fabrication and characterization report Tool chain availability for parts manufacturing



R



M0+8



HW



M0+9



HW



M0+12



HW



M0+15



HW



M0+13



2 door assies shipset for 2 demonstrator delivery



HW



M0+16



Industrial cost evaluation report



R



M0+16



st



st



1 surround shipset for 1 demonstrator delivery nd



nd



2 surround shipset for 2 demonstrator delivery st



st



1 door assies shipset for 1 demonstrator delivery nd



nd



Due Date



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s) 



 



 







Proven competence in management of complex research projects and manufacturing technologies, including quality and risk assessment capabilities demonstrated in international research projects and/or industrial environment. Proven competence in tool design for aeronautical composite part fabrication. Proven experience and competencies in the requested technologies for fabrication and assembly of aeronautical composite substructures for aeronautical programs. This competence shall include a strong knowledge of materials and processes, quality, tooling, part programs for NC machines. Proven experience in NDT inspections. Evidence of ultrasonic NDT qualification shall be provided. Proven experience in experimental testing (micrographic and chemical-physical analysis) at coupon levels. Evidence of laboratories qualification shall be provided. Proven experience in cost estimation at industrial level for aeronautical composite components.
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5. Abbreviations CFRP IMS KOM NC NDI NDT PPS TM



Carbon Fiber Reinforced Polymer Intermediate Modulus Strength Kick-Off Meeting Numerical Control Non-Destructive Inspection Non-Destructive Technique Polyphenylene Sulphide Topic Manager
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III.



Full scale Innovative composite windows frames for Regional Aircraft Fuselage barrel onground demonstrators



Type of action (RIA or IA)



IA



Programme Area



REG



Joint Technical Programme (JTP) Ref.



WP 3.2



Indicative Funding Topic Value (in k€)



680



Topic Leader



Leonardo Aircraft



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



16



Indicative Start Date18



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-REG-01-13



Full scale Innovative composite windows frames for Regional Aircraft Fuselage barrel on-ground demonstrators



Short description Validation at full size level of CFRP windows frame manufacturing process (Thermoplastic) and fabrication of 2 shipsets for Regional Aircraft Fuselage barrel on-ground demonstrators. Moreover an industrial and cost evaluation based on a pre-defined production business case is requested including hypotheses of high volume automated solutions.



18



The start date corresponds to actual start date with all legal documents in place.
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1. Background Activities to be performed according to the present Topic description are included in a wider context of work in the framework of the Regional Aircraft IADP of Clean Sky 2. In particular, the Work Package 3.2 “Fuselage/Cabin Integrated Ground Demonstrator” represents the field where activities requested to the Applicant shall be performed. The relevant Work Breakdown Structure is shown below putting in evidence the WP 3.2:



R-IADP



WP 1 HIGH EFFICIENCY REGIONAL A/C



WP 2 TECHNOLOGIES DEVELOPMENT



WP 0.1 Program



WP 1.1 Innovative A/C Config.



WP 2.1 Adaptive Electric Wing



WP 3.1 Airvehicle Tech (FTB1)



WP 0.2 Contracts



WP 1.2 Top Level A/C Req.ts



WP 2.2 Regional Avionics



WP 3.2 Fuse. / Cabin Gnd Demo



WP 0.3 Risks



WP 1.3 Technologies Requiremets



WP 2.3 Energy Opt. Regional A/C



WP 0 MANAGEMENT



WP 0.4 Quality



WP 2.4 Innovative FCS



WP 3



WP 4 TECHN. DEV. / DEMO RESULTS



DEMONSTRATIONS



Main Interfaces with SYSTEMS ITD



WP 0.5 Dissemination



WP 3.3 Flight Simulator WP 3.4 Iron Bird



WP 4.1 Technology Assessment



Main Interfaces with “High Versatility & Cost Efficiency” AIRFRAME ITD



WP 4.2 Ecodesign Interface



WP 3.5 Hi-Lift Adv. TP (FTB2)



WP 0.6 Interfaces WP 0.7 Core Partners



More in detail, the activities will cover the definition, design, manufacturing, assembling and on-ground testing phases for full-scale structural Fuselage and passenger Cabin demonstrators representative of a Regional Aircraft. Innovative low cost and low weight technologies shall be integrated into the Fuselage structural demonstrator with the objective to obtain: structural weight reduction, manufacturing recurring cost reduction, maintenance improvement and implementation of new eco-compatible materials and processes. Innovation based on an human-centered-design approach and on board systems shall be integrated into the passenger Cabin demonstrator with the objective to obtain: improvement of cabin comfort and wellbeing, cabin interiors weight reduction, cabin interiors manufacturing recurring cost reduction, implementation of new eco-compatible materials and processes.



2. Scope of work The scope of the present topic is the development and validation of an advanced fabrication process of composite window frame for regional aircraft composite fuselage manufacturing which allows a significant reduction of the overall production costs and flows. Frequently metallic solution is in fact preferable, especially on regional aircraft, given its consolidated CFP07 Call Text (preliminary version) [PP1] – September 2017
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fabrication processes and consequent lower recurring costs. Therefore innovative processes shall be selected and tested in order to make the composite solution as the better one, within the overall cost balance, for a new regional aircraft. The activities to be performed are divided in the tasks listed in the following table: Tasks Ref. No.



Title - Description



Due Date



1



Process set up and validation at full size level



M0+8



2



Parts fabrication for on-ground fuselage demonstrators



M0+15



3



Parts assembly



M0+16



4



Industrial cost evaluation



M0+16



a) Task 1: Process set up and validation at full size level In the present task the selected Applicant, on the basis of material and technology identified by Topic Manager (TM) to be detailed/confirmed at Kick-Off Meeting (KOM), is requested to identify the best choices regarding process details, driven by manufacturing costs reduction and high volume industrial applicability. The Applicant will then fabricate a full scale part, verifying the compliance with drawing requirements through destructive and non-destructive characterization, in order to validate and freeze process steps and parameters for final demonstrators. The following fabrication processes and materials shall be preliminarily considered: - Thermoforming with thermoplastic material PPS/carbon T300J 5HS; - Compound moulding with thermoplastic chopped UD fiber. The final window frame manufacturing technology (material and process) will be communicated by TM during the KOM. The Applicant shall be responsible for: - Identification of the lowest-cost solution. - Purchase of all materials needed for parts fabrication (deliverable and auxiliary). - Tool design and fabrication. - Selection and supply of the needed equipment. - Process development and set-up. - Fabrication and non-destructive inspections (visual analysis, dimensional check and ultrasonic inspection) of the first full scale item. - Quality plan issue to be agreed with TM. - Manufacture of NDI standard on the basis of information that will be provided by Topic Manager. - Visual analysis, dimensional check and ultrasonic inspection of full scale manufacturing trial. - Destructive characterization (micrographic and chemical-physical analysis) of first full scale manufacturing trial to check/quantify possible internal defects, such as porosity, delamination, CFP07 Call Text (preliminary version) [PP1] – September 2017
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inclusion, wrinkles, resin richness, etc. - Producibility evaluation report to verify parts producibility in accordance with drawing requirements using the selected innovative process. - Manufacturing process control document (MPCD) preparation, describing all process parameters and manufacturing steps to be used for final demonstrators.



b) Task 2: Parts fabrication for on-ground fuselage demonstrators Composite window frames will be fabricated for two regional aircraft fuselage barrel on-ground demonstrators. N.12 window frames will be fabricated for each barrel demonstrator (N.24 window frames in total) and shipped to the TM’s facility after assembly. Fig.1 shows the preliminary omega frame section. The frame assy shall cover a skin cut-out of 300 mm x 400 mm.



Fig.1. Window frame section (measurements in mm).



The preliminary condition of supply of the window frames before assy foresees: for the first demonstrator, the execution of a certain number of coordination holes (see fig.2 on the left), ø = 3,175 mm [+ 0,0762 mm, 0]. The precise location and number of holes will be defined in part drawing. For the second demonstrator, the execution of N.2 coordination holes (see fig.2 on the right), ø = 3,175 mm [+ 0,0762 mm, 0]. The precise location and number of holes will be defined in part drawing. Window frame trimming according to part drawing. Surface finishing and sealing to be defined in part drawing.
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Fig.2. Coordination holes for window frame.



Final part drawing and specific supply conditions will be provided by the TM during the KOM. The Applicant shall be responsible for: - Purchase of all materials needed for parts fabrication (deliverable and auxiliary). - Tool chain design and fabrication. - Fabrication and non-destructive inspection of all items for the barrel demonstrators. - Quality plan issue to be agreed with TM. - Quality report of all items including weight measurements.



c)



Task 3: Parts assembly A first barrel (“structural demonstrator”) will include a simplified window frames system (only frame and dummy glass type A and B, see fig.3 and fig.4) for structural test. So the following items will be needed: - N.12 window frames (fabricated and inspected in task 2); - N.8 metallic dummy glass panels type A; - N.4 metallic dummy glass panels type B; - N.4 metallic plugs; - N.4 O-ring seals. - fasteners (number to be defined). Finally fig.5 shows fastener types for skin-glass-frame and glass-plug assembly.
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Dummy Glass «A»



Window Frame



Fig.3. Simplified window frame assy with dummy glass A for structural demonstrator.



Dummy Glass «B»



Plug



Window Frame



Plug



O-ring seal



Dummy Glass



Fig.4. Simplified window frame assy with dummy glass B for structural demonstrator.
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Type «A»



NAS1473A3



ISO_4762_M16x40_HEXAGON_SOCKET_SCREW



NAS1101-3-14



NAS1149GN949P



Type «B»



ISO_7089_16x30_WASHER



PRCH-SPECIALINSERT-302-0160-16



Fig.5. Fasteners for window frame assembly.



The second barrel demonstrator (“cabin demonstrator”) will be equipped with a complete window frames system (frame, double-glass panel, glass seal and retainers) for comfort assessment (see fig.6). So the following items will be needed: - N.12 window frames (fabricated and inspected in task 2); - N.24 glass panels (N.2, internal and external, for each window); - glass seal; - N.72 retainers; - fasteners. Each window frame assy used for cabin demonstrator is composed by: window frame, two glasses, glass seal, retainer and all hardware needed. The precise number of retainers and fasteners will be defined once completed the final assembly drawings. Glass



Retainer



Window Frame Glass Seal



Fig.6. Window frame assy for cabin demonstrator.



The preliminary condition of supply of window frames assy foresees: CFP07 Call Text (preliminary version) [PP1] – September 2017
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- Surface finishing and sealing to be defined in part drawing. - N.2 shipments for each demonstrator are requested to the Applicant for a total number of N.4 shipments (see milestones 3.1 through 3.4 in the table below). A detailed list of the parts for each shipment will be provided by the TM during the KOM. Final part and assembly drawing and specific supply conditions will be provided by the TM during the KOM. The Applicant shall be responsible for: - Purchase of all needed materials and miscellaneous parts, including fasteners and semi-automatic tools for installation. - Design and fabrication of assembly jigs. - Visual analysis, dimensional check and NDT for each part to be assembled. - Assembly of all items for the fuselage barrel demonstrators. - Quality plan issue to be agreed with TM. - Quality report of all items including weight measurements. - Shipment of all assembled items to the TM’s facility.



d) Task 4: Industrial cost evaluation Industrial business case conditions will be provided by the TM during the KOM. The Applicant shall be responsible for: - Evaluation of industrial recurring and not recurring costs, including fabrication and assembly, based on the above business case. Particular attention shall be given to innovative automated solutions for high volume production. - Detailed descriptive report containing: o quantity and associated costs of deliverable/auxiliary and standard materials; o fabrication and assembly phases with relevant cost of labor; o types and main characteristics of needed equipments and facilities; o list of tools/jigs and related costs.



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type*



D1.1



Detailed schedule



R



M0+1



D1.2



Process selection



R



M0+2



D1.3



Tool design and fabrication



D/HW



M0+6
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Deliverables Ref. No.



Title - Description



Type* HW/R



M0+8



D1.5



Full scale manufacturing trial fabrication and characterization Manufacturing process description



R



M0+8



D2.1



Tool chain fabrication for items manufacturing



HW



M0+12



D2.2



Manufacturing and quality plans preparation



R



M0+8



D2.3



st



HW



M0+12



D2.4



nd



Items fabrication for 2 demonstrator



HW



M0+15



D3.1



Assembly jig fabrication



D1.4



D3.2



Items fabrication for 1 demonstrator



Due Date



HW



M0+12



st



HW



M0+13



nd



Items assembly for 1 demonstrator



D3.3



Items assembly for 2 demonstrator



HW



M0+16



D4.1



Industrial cost evaluation



R



M0+16



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No. M1 M2.1 M3.1 M3.2 M3.3 M3.4 M4



Title - Description



Type*



Full scale manufacturing trial fabrication and characterization report Tool chain availability for parts manufacturing



R



M0+8



HW



M0+12



st



st



1 shipment for 1 demonstrator delivery



Due Date



HW



M0+10



nd



st



HW



M0+13



st



nd



HW



M0+14



2 shipment for 2 demonstrator delivery



HW



M0+16



Industrial cost evaluation report



R



M0+16



2 shipment for 1 demonstrator delivery 1 shipment for 2 demonstrator delivery nd



nd



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s) 



 



Proven competence in management of complex research projects and manufacturing technologies, including quality and risk assessment capabilities demonstrated in international research projects and/or industrial environment. Proven competence in tool design for aeronautical composite part fabrication by a documented experience in participating in actual programs. Proven experience in fabrication and assembly of aeronautical thermoplastic material based substructures, for actual programs. This competence shall include a strong knowledge of materials and processes, quality, tooling, part programs for NC machines.
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Proven experience in non-destructive inspections. Evidence of ultrasonic NDI qualification shall be provided. Proven experience in experimental testing (micrographic and chemical-physical analysis) at coupon levels. Evidence of laboratories qualification shall be provided. Proven experience in cost estimation at industrial level for aeronautical composite components.



5. Abbreviations CFRP KOM MPCD NC NDI NDT PPS TM



Carbon Fiber Reinforced Polymer Kick-Off Meeting Manufacturing Process Control Document Numerical Control Non-Destructive Inspection Non-Destructive Technique Polyphenylene Sulphide Topic Manager
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IV.



Full scale innovative composite pax and cargo floor grids for Regional Aircraft Fuselage barrel on-ground demonstrators



Type of action (RIA or IA)



IA



Programme Area



REG



Joint Technical Programme (JTP) Ref.



WP 3.2



Indicative Funding Topic Value (in k€)



1200



Topic Leader



Leonardo Aircraft



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



16



Indicative Start Date19



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-REG-01-14



Full scale innovative composite pax and cargo floor grids for Regional Aircraft Fuselage barrel on-ground demonstrators



Short description Validation at full size level of major CFRP floor grid components manufacturing process and fabrication of 2 full shipsets of pax and cargo floor grids for Regional Aircraft Fuselage barrel onground demonstrators with the implementation of innovative solutions for components integration and high volume automated solutions. Moreover an industrial and cost evaluation based on a predefined production business case is requested.



19



The start date corresponds to actual start date with all legal documents in place.



CFP07 Call Text (preliminary version) [PP1] – September 2017



127



1. Background Activities to be performed according to the present Topic description are included in a wider context of work in the framework of the Regional Aircraft IADP of Clean Sky 2. In particular, the Work Package 3.2 “Fuselage/Cabin Integrated Ground Demonstrator” represents the field where activities requested to the Applicant shall be performed. The relevant Work Breakdown Structure is shown below putting in evidence the WP 3.2: R-IADP



WP 1 HIGH EFFICIENCY REGIONAL A/C



WP 2 TECHNOLOGIES DEVELOPMENT



WP 0.1 Program



WP 1.1 Innovative A/C Config.



WP 2.1 Adaptive Electric Wing



WP 3.1 Airvehicle Tech (FTB1)



WP 0.2 Contracts



WP 1.2 Top Level A/C Req.ts



WP 2.2 Regional Avionics



WP 3.2 Fuse. / Cabin Gnd Demo



WP 0.3 Risks



WP 1.3 Technologies Requiremets



WP 2.3 Energy Opt. Regional A/C



WP 0 MANAGEMENT



WP 0.4 Quality



WP 2.4 Innovative FCS



WP 3



WP 4 TECHN. DEV. / DEMO RESULTS



DEMONSTRATIONS



Main Interfaces with SYSTEMS ITD



WP 0.5 Dissemination



WP 3.3 Flight Simulator WP 3.4 Iron Bird



WP 4.1 Technology Assessment



Main Interfaces with “High Versatility & Cost Efficiency” AIRFRAME ITD



WP 4.2 Ecodesign Interface



WP 3.5 Hi-Lift Adv. TP (FTB2)



WP 0.6 Interfaces WP 0.7 Core Partners



More in detail, the activities will cover the definition, design, manufacturing, assembling and on-ground testing phases for full-scale structural Fuselage and passenger Cabin demonstrators representative of a Regional Aircraft. Innovative low cost and low weight technologies shall be integrated into the Fuselage structural demonstrator with the objective to obtain: structural weight reduction, manufacturing recurring cost reduction, maintenance improvement and implementation of new eco-compatible materials and processes. Innovation based on a human-centred-design approach and on board systems shall be integrated into the passenger Cabin demonstrator with the objective to obtain: improvement of cabin comfort and wellbeing, cabin interiors weight reduction, cabin interiors manufacturing recurring cost reduction, implementation of new eco-compatible materials and processes.



2. Scope of work The state of the art for fuselage floor grids configuration (pax and cargo) for Regional Aircrafts is a metallic configuration, due to higher recurring cost of traditional composite solutions. So, in order to gain a competitive configuration in terms of weight saving compared to metal and recurring cost reduction compared to traditional composite, the Applicant has to provide the manufacturing of all single parts and the assembly of floor grids, using innovative solutions for high volume automated production and components integration. The activities of the present call are divided in four tasks, listed in the following table. CFP07 Call Text (preliminary version) [PP1] – September 2017
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In the next paragraphs there are detailed descriptions of each tasks. Tasks Ref. No.



Title - Description



Due Date



1



Process set up and validation at full size level



M0 + 8



2



Parts fabrication for on-ground fuselage demonstrators



M0 + 16



3



Parts assembly



M0 + 18



4



Industrial cost evaluation



M0 + 18



a) Task 1: Process set up and validation at full size level In this task, the Applicant, on the basis of the preliminary technologies/materials here indicated by the Topic Manager and to be detailed /confirmed at KOM, has to select the best process solutions on the basis of weight saving, recurring cost reduction and high volume industrial applicability. The Applicant will then fabricate a full scale part for each of the major composite element (floor beam and stanchion ), verifying the compliance with drawing requirements through destructive and non-destructive characterization, in order to validate and freeze process steps and parameters for final demonstrators.



-



The following fabrication processes and materials shall be preliminary considered for major composite pax floor elements: “compression moulding” using PPS thermoplastic matrix and T300J 5HS carbon fiber for floor beams and false rail (if it is not metallic). A continuous process is preferred for recurring cost saving. “wrap forming” process for stanchion and crash link with thermoplastic (PPS matrix with T300 carbon fiber) or prepreg thermoset material The metallic elements of the pax floor shall be manufactured according to the description in paragraph 2.2. The following fabrication processes and materials shall be preliminary considered for major composite cargo floor elements: - thermoforming process using PPS Thermoplastic matrix with T300J 5HS carbon fiber For assembly following processes/materials might be considered as valuable opportunities for innovation and cost reduction: - One shot drilling - One Up Assembly for composite-composite stack-up. In details the following activities shall be performed by the Applicant: - Selection of the most economical process details - Purchasing of all materials (included auxiliary materials) - Design and construction of tools for the full scale manufacturing trials - Make the necessary facilities/equipment available CFP07 Call Text (preliminary version) [PP1] – September 2017
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- Process parameters set up for parts’ manufacturing and assembly - Manufacture of representative full scale items (one floor beam and one stanchion) to be selected, in accordance with Topic Manager, among part families described in Task 2 - Manufacture of NDI standards on the basis of information that will be provided by Topic Manager. - Visual analysis, dimensional check and ultrasonic inspection of each full scale manufacturing trial - Destructive characterization (micrographic and chemical-physical) of each full scale manufacturing trial to check/quantify possible internal defects, such as porosity, delamination, inclusion, wrinkles, resin richness, resin content, fiber volume, etc. - Release of the “Producibility Report” to verify parts producibility in accordance with drawing requirements using the selected innovative process - Release of the “Manufacturing instruction” , describing all process parameters and manufacturing/assembly steps to be used for final Demonstrators



b) Task 2: Parts fabrication for on-ground fuselage demonstrators Topic Manager is responsible for design and sizing of the parts object of the present Call, while the selected Applicant is responsible for manufacturing and assembly of pax and cargo floor grids to be assembled (at Topic Manager facility) on N°2 on-ground composite fuselage demonstrators (one for structural test and one for comfort analysis). Passenger FLOOR grid Passenger Floor Grid is divided in two sections: Forward and Afterward Section. Forward section covers 7 frame stations and aft section covers other 7 frame stations, as in the following pictures.
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Each floor station is composed by: 1 floor beam, 2 frame fittings, 2 beam fittings, 2 stanchions, 2 beam stanchion fittings, 2 frame stanchion fittings, 4 stanchion fittings backup and all hardware needed to connect stanchion to both fittings and hardware to connect frame fittings to beam fittings; in addition for each section there are 4 seat tracks and 3 false rails. Also metallic seat tracks and false rails splices to join together fwd and aft sections have to be considered. Each floor beam has a double-T section and preliminary dimensions are shown in pics below.



Frame Fitting and Beam Fitting are machined parts that connect the floor beam to the frame. Each fitting has housing for 2 pins.



Stanchion Fitting and Stanchion Fitting Backup are machined parts



Each Stanchion Assy is composed by a fixed rod and 2 end rods in order to guarantee the adjustability of the total length at assembly level.



Each Frame Stanchion fitting is a machined part used to connect the stanchion to the frame. CFP07 Call Text (preliminary version) [PP1] – September 2017
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Each seat track is an metallic extruded section. Preliminary dimensions are shown in pic below



Each false rail is a thermoplastic section. Preliminary dimensions are shown in pic below



Each Crash Link is composed by a fixed rod and 2 end rods in order to guarantee the adjustability of the total length at assembly level. Crash Links are connected to the floor structure and to the skin-stringer by means of machined fittings. Pax floor panels are flat sandwich structure. Dimensions and number of panel will be detailed at KOM. The following table summarize the amount of parts for one of the two demonstrators.
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CARGO FLOOR Cargo Floor Grid is divided in two sections: Forward and Afterward Section. Forward section covers 7 frame stations and aft section covers other 7 frame stations as shown in the following pictures.



Each Cargo Floor Web has an L-Shape and preliminary dimensions are shown in pic below



Each Cargo Floor Cap has an L-Shape and preliminary dimensions are shown in pic below



Each Cargo Floor Stiffener has an L-Shape and preliminary dimensions are shown in pic below



Each Cargo Floor Intercostal has an L-Shape and preliminary dimensions are shown in pic below



Each Cargo Floor Intercostal Cap has an L-Shape and preliminary dimensions are shown in pic below
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Each Cargo Floor Intercostal Angle has an L-Shape and preliminary dimensions are shown in pic below



Each Cargo Floor Longitudinal Beam has an J-Shape and preliminary dimensions are shown in pic below



Each Cargo Floor Clip has an L-Shape and preliminary dimensions are shown in pic below



The following table summarize the amount of parts for one of the two demonstrators.



-



The preliminary condition of supply of the single parts are the following: All parts have to be trimmed and drilled according with the drawing All frame stanchion fittings shall be delivered separately with the holes drilled according to the drawings All frame fittings shall be delivered separately with the holes drilled according to the drawings All cargo parts have to be delivered separately At KOM, the Topic Manager Company will provide to the selected Applicant the information about: - Detailed CATIA models for single parts CFP07 Call Text (preliminary version) [PP1] – September 2017
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-



-



Final condition of supply of single parts In details the following activities shall be performed by the selected Applicant: Purchasing of all materials (included auxiliary materials for the fabrication of composite parts for the two final Demonstrators) Metal parts purchasing/machining Design and manufacture of tool chains for requested shipsets Manufacture of items for fuselage demonstrators Visual analysis, dimensional check and NDT for each part Release “Quality plan” to be agreed with Topic Manager Release of the “Quality Report”, containing the results of NDT and the compliance with drawing requirements and weight measurements for each single part - Shipping pax and cargo lose patrs to TM’s facility. It is requested to the selected Applicant to perform n.2 shipments for each Demonstrator, for a total number of 4 shipments. At KOM will be provided the list of the parts for each shipment.



Task 3: Parts assembly N.1 complete pax floor grid assy ( a part from what required to be delivered as lose part) for each demonstrator. The preliminary condition of supply of the assembled grids are the following: - Edge sealing and surface treatment according to drawing. - it is requested to the selected Applicant to perform n°2 shipments for each Demonstrator, for a total number of 4 shipments. At KOM will be provided the list of the parts for each shipment.



-



-



At KOM, the Topic Manager Company will provide to the selected Applicant the information about: Detailed CATIA models for assy Final condition of assembly In details the following activities shall be performed by the selected Applicant: Purchasing of standards, tools, equipment, miscellaneous/metallic components Design and building of assembly jig Assembly of all parts of pax and cargo floor grid for both demonstrators Release of the “Quality Report”, containing the results of NDT and the compliance with drawing requirements and weight measurements for assembled grids. Shipment of pax floor grids to Topic Manager Company (Pomigliano d’Arco, Naples, Italy)



c)



Task 4: Industrial cost evaluation



This Task is addressed to evaluate the technical and economic impact deriving from the introduction of the selected innovative technology to allow the Topic Manager to compare it with existing baseline technologies (cost / performance evaluation). CFP07 Call Text (preliminary version) [PP1] – September 2017
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The final cost evaluation analysis shall be performed by selected Applicant who will be responsible for the following activities: - industrial assessment of non-recurring and recurring manufacturing and assembly costs based on the business case to be provided by the Topic Manager at KOM, with particular reference to automated solutions for high volume production. - detailed report issue, containing: - quantities and costs of auxiliary / deliverable and standard materials - manufacturing and assembly process flow with details about touch labour - types and main characteristics of needed equipments and facilities - needed tools, equipment, jig and related costs



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type*



D1.1



Detailed schedule



R



M0+1



D1.2



Process selection



R



M0+2



D1.3



Tool design and fabrication



D/HW



M0+6



Full scale manufacturing trials fabrication and characterization Manufacturing/assembly process description



HW/R



M0+8



R



M0+8



Tool chain fabrication for demonstrators single parts manufacturing Manufacturing and quality plans preparation



HW



M0+10



D1.4 D1.5 D2.1



Due Date



R



M0+8



st



HW



M0+12



D2.4



nd



Items fabrication for 2 demonstrator



HW



M0+16



D3.1



Assembly jig fabrication



D2.2 D2.3



D3.2



Items fabrication for 1 demonstrator



HW



M0+10



st



HW



M0+14



nd



Items assembly for 1 demonstrator



D3.3



Items assembly for 2 demonstrator



HW



M0+18



D4.1



Industrial cost evaluation



R



M0+18



*Type: R=Report, D=Data, HW=Hardware
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Milestones (when appropriate) Ref. No. M1 M2.1 M3.1 M3.2 M3.3 M3.4 M4



Title - Description



Type*



Full scale manufacturing trial fabrication and characterization report Tool chain availability for parts manufacturing



R



M0+8



HW



M0+10



st



st



1 shipset for 1 demonstrator delivery



Due Date



HW



M0+12



nd



st



HW



M0+14



st



nd



HW



M0+16



2 shipset for 2 demonstrator delivery



HW



M0+18



Industrial cost evaluation report



R



M0+18



2 shipset for 1 demonstrator delivery 1 shipset for 2 demonstrator delivery nd



nd



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s) -



-



-



Proven competence in design and stress analysis for aeronautical tools manufacturing. Proven experience in NDT inspections. Evidence of ultrasonic NDT qualification shall be provided. Proven experience in cost estimation at industrial level for aeronautical full scale composite structures. Proven competence in management of complex research projects and manufacturing technologies, including quality and risk assessment capabilities demonstrated in international research projects and/or industrial environment. Proven experience and competencies in the requested technologies for fabrication and assembly of aeronautical composite substructures for actual aeronautical programs. This competence shall include a strong knowledge of materials and processes, quality, tooling, part programs for NC machines. Proven experience in experimental testing (micrographic and chemical-physical analysis) at coupon levels. Evidence of laboratories qualification shall be provided.



5. Abbreviations CFRP KOM NC NDI NDT Pax PPS TM



Carbon Fiber Reinforced Plastics Kick Off Meeting Numerical Control Non-destructive Inspection Non-destructive Techniques Passengers Polyphenylene Sulphide Topic Manager
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V.



Innovative Primary and Secondary Electrical Distribution Network for Regional A/C



Type of action (RIA or IA)



RIA



Programme Area



REG



Joint Technical Programme (JTP) Ref.



WP 2.3.4 - 3.4



Indicative Funding Topic Value (in k€)



1400



Topic Leader



Leonardo Aircraft



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



26



Indicative Start Date20



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-REG-01-15



Innovative Primary and Secondary Electrical Distribution Network for Regional A/C



Short description Design, development, manufacturing, validation and integration of an innovative solid-state based electrical power distribution network system for future Regional A/C, also equipped with enhanced electrical energy management functionalities.



20



The start date corresponds to actual start date with all legal documents in place.
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1. Background The Clean-Sky 2 IADP for Regional aircraft (REG IADP) has the scope to integrate and validate, at a further level of complexity than currently pursued in Clean-Sky (up to aircraft level), advanced technologies for Regional aircraft so as to drastically de-risk their integration on future products, improving the outlook on EU industrial leadership in this sector. The activity of this topic is a part of the REG WP 2.3.4 “Advanced Electrical Power Generation and Distribution System”.



Indeed, the Regional power-plant, either new or the existing one, will interface to an Advanced Electrical Power Generation and Distribution System (EPGDS) installed on board in order to perform a full scale demonstration of the All-Electric technologies applied to Regional aircraft. This effort may comprise depending on cost and availability of suitable complete systems or components - the adoption and implementation of enabling technologies in the areas of:  Electrical Power Generation and Conversion System (EPGCS);  Electrical Power Distribution System (EPDS) with Enhanced Electrical Energy Management, Some of them already assessed in the frame of previous Clean-Sky, but requiring a big further integration step for their application on the next generation Regional aircraft. All-Electric solutions are addressed because they potentially improve operative efficiency of on board systems and simplify maintenance and ownership costs so critical for Regional aircraft. In turn, they contribute to reduce fuel consumption and emissions because electrical systems are more energy efficient and use less polluting materials than traditional solutions. The main objective of the WP 2.3.4 is to design and develop an innovative strategy for an highly decentralized, modular and flexible smart grid based EPDS network. In addition, the EPDS will be equipped with the Enhanced Electrical Energy Management (E2-EM) functionalities in order to further reduce or even delete the overload capabilities of main generators and thus saving weight for electrical machines integration. The above will allow to perform on ground demonstrations of the key elements of innovative EPDS in order to demonstrate that relevant solutions correctly perform in a relevant Regional A/C operative environment (REG IADP Iron Bird Demonstrator).
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2. Scope of work The scope of this Topic is to design, develop, manufacture, validate and integrate an innovative solid-state based electrical power distribution network for future Regional A/C, including the following subsystems:  two “centralized” Primary Power Centres (PPC) (including HV and LV primary bus bars, primary contactors and I/O interfaces);  at least four “decentralized” Secondary Distribution Units (SDU) (including HV and LV secondary bus bars, secondary contactors and I/O interfaces), one of them embedding innovative “energy management” capabilities;  two AC/DC converters (rectifiers) to convert 115V ACWF to 270V DC (from two real 40 kVA electrical generators to primary distribution network), according to the following sketch (for reference only). The parts highlighted in red are the components required by this Topic (the remaining parts are already available at Topic Manager premises or will be provide by other CfP Projects).



Iron Bird Architecture for Innovative Primary and Secondary Electrical Distribution Network



The 270V and 28V DC PPC’s could be also part of the same equipment. In any case, the PPC’s shall interface with the DC/DC cellular bidirectional converters equipment (yellow box). All the contactors and circuit breakers included in the primary and secondary distribution boxes shall be based on solid-state technology (e.g. SSPC). CFP07 Call Text (preliminary version) [PP1] – September 2017
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The PPC’s shall both automatically and manually manage the opening/closure of Bus Tie Contactors (BTC’s) and External Power Contactor (EPC) depending on the different simulated test scenarios (e.g. supply from external power, failure of one generator, short circuit on a bus bar, etc.). The contactors between HV and LV PPC’s shall be able to be controlled by the Supervisor of the DC/DC converters module. Each contactor shall be able to provide a feedback on its status (open/closed/failed). Each secondary distribution unit (SDU) can include both HV and LV secondary bus bars, as well as the control logics for powering the loads, depending on the number and type of loads to be supplied. Each SDU shall provide electrical power to a group of real or simulated aircraft loads, according to the following list: Landing Gear SDU: • 1 Nose Landing Gear EMA (max power ~1 kW TBC); • 1 Main Left Landing Gear EMA (max power ~4.5 kW TBC); • 1 Main Right Landing Gear EMA (simulated) (max power ~4.5 kW TBC); Flight Control System SDU: • 2 Winglet EMA’s (max power ~0.5 kW TBC each); • 1 Wingtip EMA (max power ~0.5 kW TBC); • 2 Aileron EMA’s (max power ~1 kW TBC each); Energy Storage and Regeneration System SDU: • 1 EMA-type motor load simulating an FCS Rudder EMA (including a DC/DC bi-directional converter equipped with local supercapacitor-based energy storage elements for smart control of regenerative loads) (max power ~5 kW TBC); Simulated Loads SDU: • 3 Programmable DC Load Banks (max power 25 kW each). In addition, this SDU shall embed specific hardware in order to implement some Enhanced Electrical Energy Management functionalities. The E2-EM concept extends the Electrical Energy Management logics as already implemented and validated in Clean-Sky, where “voltage choppers” (i.e. monodirectional DC/DC buck converters, based on SSPC’s + filtering stage) were designed, manufactured and tested. In particular, this SDU shall embed at least three converters able to allow their integration into the global E 2-EM logics. Innovative control, modulation and supervision techniques able to obtain the voltage chopping effect are required. The possibility of an automatic or semi-automatic code generation for the relevant firmware is an asset, as well as the introduction of digital communication protocols (CAN, ARINC, EtherCAT or TBD) for realtime monitoring. In this respect, the overall system (primary and secondary electrical distribution network) shall interface with the Centralized Smart Supervisory control for Enhanced Electrical Energy Management strategy, as it has been launched by another REG CfP Project. The overall system (primary and secondary electrical distribution network) shall be integrated into the REG Iron Bird ground demonstrator and therefore it shall interface with the overall demonstrator infrastructure, mainly composed of the following subsystems: • Electrical Power Generation System (Drive Stand + 115V ACWF Electrical Alternators); • Engineering Test Station; • Central Control Unit and Interface Unit; • Data Acquisition System; CFP07 Call Text (preliminary version) [PP1] – September 2017



141



• Health Management System Module (TBC) • Other FCS Equipment (Flight Control Computers, Cabin Dummy, Flight Mechanics Simulation Computer) (TBC); • Others (Rack, Panels, Sockets, Signal Cables, Labels, Etc.). All the documentation required for allowing the correct electrical, mechanical and control interfaces with the electrical test rig will be provided to the selected Candidate as an input at the early stage of the Project. All the equipment referred to in this CfP will be located in a laboratory room for validation and functional tests (target TRL 5). As a consequence, the environmental requirements shall be limited to a compatibility of the equipment with the laboratory environmental conditions. However, in order to ease the process to reach a TRL 6 gate after the completion of the Project, the whole system shall be designed to the minimum weight that assures all required performances and shall be as compact as possible (higher power density wrt state-of-the-art solution). The electrical power generation system of the Iron Bird test rig will provide 270V DC input power, whose normal and abnormal characteristics in steady-state and transient conditions are in accordance with MILSTD-704F reference power quality standard. The system shall include connectors and wires to connect the various inputs and outputs to/from the different voltage busses, according to the detailed electrical scheme contained within the ICD document. All the connections shall support the rated voltage as specified in MIL-STD-704F. All the connections shall be isolated from the ground and between them. The system shall comply with European standards related to electrical power installations. The system shall embed safety and protections logics (e.g. overcurrents, overvoltages) in order to react to potential failures and communicate the faulty status to an external device. Tasks Ref. No. Task 1



Task 2



Task 3



Task 4 Task 5



Title - Description Requirements Analysis: To review the customer requirements and describe the equipment to be designed, manufactured, validated and provided to the customer for testing. Preliminary Design: To validate the equipment requirements and check that equipment preliminary design is consistent with these requirements: architecture concept according to performance, energy management and safety requirements, sizing, interfaces definition, substantiation of design choices. Critical Design: To realize the detailed design (mechanical, electrical, thermal, etc.), realize detailed CAD drawings, finalize safety analysis, validate the energy management control and supervision strategy, prior to launch equipment manufacturing. Manufacturing: To manufacture all the equipment (primary and secondary distribution boxes), following the CDR documentation. Testing and validation: To perform the final tests for validating the system functionalities and performances, including dedicated energy management tests.
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T0 + 9M



T0 + 12M



T0 + 16M T0 + 20M
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Delivery and Support: To deliver and integrate the system onto the Iron Bird demonstrator at Topic Manager premises and provide full support during T0 + 26M the testing phase.



Task 6



3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type*



Due Date



D1



Analysis phase: Requirements matrix and support documentation.



R



T0 + 3M



D2



PDR: Preliminary Design Review and associated deliverables.



R



T0 + 9M



D3



CDR: Critical Design Review and associated deliverables.



R



T0 + 12M



HW



T0 + 20M



R/D



T0 +22M



R



T0 + 26M



Type*



Due Date



Installation and Commissioning: Delivery of the complete system with its associated documentation (preliminary DDP), installation and commissioning on site. Final Validation Tests and DDP: Validation tests report and final results (final DDP). Optimization and Support: Support the rig operations to correct potential faults during this probation period.



D4



D5 D6



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title - Description



M1



Preliminary Design Review



R



T0 + 9M



M2



Critical Design Review



R



T0 + 12M



M3



System Delivery



HW



T0 + 20M



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s)      



Expertise in electrical system design (power generation, power conversion, power distribution network, power consumers), Knowledge of Industrial/Aeronautical field constraints and procedures, Experience in system simulation methods and modeling, Recognized experience in advanced control system techniques, Background in control and supervision of complex systems. Experience in laboratory or industrial test benches design, manufacturing and installation.



CFP07 Call Text (preliminary version) [PP1] – September 2017



143



5. Abbreviations ACWF CDR DDP E2-EM EMA EPDS EPGCS FCS HV IB ICD I/O LV PDR PPC SDU SSPC TBC TBD



Alternate Current Wild Frequency Critical Design Review Declaration of Design and Performance Enhanced Electrical Energy Management Electro-Mechanical Actuator Electrical Power Distribution System Electrical Power Generation and Conversion System Flight Control System High Voltage Iron Bird Interface Control Document Input/Output Low Voltage Preliminary Design Review Primary Power Centre Secondary Distribution Unit Solid-State Power Controller To Be Confirmed To Be Defined
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VI.



Technological readiness at the operational level for additive manufacturing in primary structure and large size components



Type of action (RIA or IA)



RIA



Programme Area



REG



Joint Technical Programme (JTP) Ref.



WP 3.5



Indicative Funding Topic Value (in k€)



570



Topic Leader



AIRBUS Defence & Space



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date21



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CFP07-REG-02-04



Technological readiness at the operational level for additive manufacturing in primary structure and large size components



Short description Design, analysis, manufacture and test of structural elements with high curvature applicable to Regional Aircraft configuration of leading edges. The technologies applied will cover: composite structures with long fibre reinforcement in thermoplastic resins, additive manufactured short fibre reinforcements and hybrid metal – composites techniques with rivet-free unions.



21



The start date corresponds to actual start date with all legal documents in place.
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1. Background This topic deals with the state of the art in manufacturing technologies of highly integrated aerostructures. In the last years, high growth of additive methods, composite welding, jigless component integration and hybrid joints between composite and metal components has occurred. This topic will deal with these technologies up to full scale demonstration to Regional Aircraft leading edge configurations. High curvature composite parts have been typically manufactured either manually or automated with AFP (Automatic Fibre Placement) in thermoset resins materials. Other ones, like thermoplastic resins, with high performance properties at impact, are not fully developed due to manufacturing difficulties that need additional research.



Figure: Leading edge of lifting surface with skins and ribs in composite The new concepts of leading edges include a great number of shape ribs, each having a different geometry as the aerodynamic shape changes along the span. Such great number of different components lead to high Non Recurrent Costs –NRC- in terms of a large amount of tooling; being difficult to amortize during production phase. New short fibre reinforced thermoplastic 3D structures can be applied to these complex shape parts; creating great savings in tooling required. On the other hand, topological optimization that additive manufacturing (AM) may offer is very attractive for designers because allows new lightened ribs with reticulated structure. The materials proposed in this topic are the family of PAEK (Polyaryletherketone, which englobes polymers like PEEK & PEKK), providing both the mechanical & impact strength needed for several A/C parts. This type of materials provides new ways of integration and joints as, for example, automated induction welding. With thermoplastic welding technologies, the functionality of the structure is even increased by eliminating the need of rivets. Hybrid (metal-composite) unions by adhesive means are another way of weight & cost saving that can be applied to these type of components. The goal is to have a hybrid bond that can withstand impact loads for these kind of part requirements.
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In addition, the work intends to address an AM component assembly procedure that does not require the industrialization of specific and expensive tools. This methodology introduces the structural joints in the assemblies without tools (jigless), which adds value to the ambit of the call.



2. Scope of work The scope of the work is to progress in manufacturing technologies applicable to full size aeronautical structures with focus on: -



Composite structures with long fibre reinforcement in thermoplastic resins in “out of autoclave” processes, applicable for instance to skins Additive Manufactured short fibre reinforcements pieces in thermoplastic resin, applicable for instance to ribs Investigation on simplified industrial means with reduced cycle steps keeping aeronautical requirements like aerodynamic tolerances in wet surfaces Investigation in hybrid metal – composites techniques with rivet-free unions, applicable to nose metal protection in leading edges Investigation in integration techniques of pieces in different technologies like induction welding between skins and ribs



The demonstration of the technology lines will be done in a full scale lifting surface structure -wing or tail leading edge-. The demonstrator will be representative of Regional Aircraft with airworthy requirements. The aim is the integration in the Regional FTB#2 in-flight demonstrator, when passing the Fly/No-Fly decision gate with the corresponding documentation of design, manufacturing, processes and structural justification to accomplish a Permit to Fly.



Figure: Typical example of leading edge of lifting surface with skins and ribs topology The topic purpose is the manufacturing of aeronautical structures, as a wing or stabilizer leading edges, by using layer manufacturing means for high-end, aerospace grade thermoplastic materials with continuous fibre and AM short fibre reinforcement. Regarding processing, the aim is to go one step ahead from current process requiring both complex industrial means plus several cycle steps, achieving composite structures with long fibre reinforcement at lower tooling & industrial means with surface quality suitable for aerodynamic surfaces. For this purpose, the skins should be manufactured by means of continuous fibre reinforced thermoplastic with 3D AM thermoplastic short fibre reinforced shape ribs. Those ribs will be welded by induction welding means to the skins, forming a rivet-less assembly of all composite components. CFP07 Call Text (preliminary version) [PP1] – September 2017
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A second way of research included in the topic is the manufacture of hybrid aero-structures with particular focus on the hybrid join metal – thermoplastic composite without rivets. This forthcoming approach requires the validation of the surface preparation for bonding and the bonding itself with the goal of a rivet free union for lightweight and post-assembly free process. It is a common goal for the considered technologies a qualification of parts based on a process qualification. The final target is the exploitation in Regional FTB#2 demonstrator depending of the feasibility conditions. The tasks of the topic will be grouped following the corresponding technology lines: Tasks Ref. No.



Title - Description



Due Date



T1



Process development for long-fibre reinforced thermoplastic manufacturing, achieving autoclave quality grade parts



T0 + 18



T2



Process development for short-fibre reinforced thermoplastic additive manufacturing



T0 + 18



T3



Inductive welding development for carbon fibre reinforced thermoplastic composites



T0 + 12



T4



Development of hybrid structures joints, methodology study for thermoplastic – metal surface preparation & bonding parameters



T0 + 12



T5



Testing campaign of thermoplastic welding for mechanical validation



T0 + 24



T6



Testing campaign of hybrid joints for mechanical validation



T0 + 24



T7



Manufacture of representative size demonstrator for concept validation



T0 + 36







The Applicant will have the responsibility of the fabrication of the demonstrators involving the structural tests. Furthermore will do the scale up industrial level and set up of the process and the equipment in collaboration with the Topic Manager in order to prepare the complete manufacture of the full scale demonstrator.







The Topic Manager will provide the adequate information and technical requirements for design and manufacturing of the demonstrator.







In case of the implementation for in-flight demonstration, the Applicant will support the Topic Manager with all the documentation to obtain the Permit to Fly.
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3. Major Deliverables / Milestones and schedule The deliverables and milestones are in accordance with the general work plan of the REGIONAL Aircraft FTB2 demonstrator as shown below. Deliverables Ref. No.



Title - Description



Type*



Due Date



D1



Process & quality achievements for long & short fibre reinforced AM components



R



T0 + 18



D2



Bonding quality & process achievements



R



T0 + 12



D3



Test campaign results for thermoplastic welding



R, D



T0 + 24



D4



Test campaign results for hybrid unions



R, D



T0 + 24



D5



Demonstrator



HW



T0 + 36



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title - Description



M1



Type*



Due Date



R



T0 + 3



R



T0 + 3



D



T0 + 6



Manufacturing process selection for long fibre reinforced thermoplastic M2 Manufacturing process selection for short fibre reinforced thermoplastic M3 Topology optimisation for shape ribs M4



Inductive welding process definition



R



T0 + 6



M5



Hybrid joints process definition



R



T0 + 6



HW



T0 + 6



M6 First flat panels manufacturing for long fibre process validation
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Milestones (when appropriate) Ref. No.



Title - Description



M7



Type*



Due Date



R



T0 + 18



HW



T0 + 6



R



T0 + 18



D



T0 + 12



D



T0 + 12



D



T0 + 12



Manufacturing quality assurance of long fibre flat panels M8 Samples manufacturing of short fibre reinforced polymers M9 Manufacturing quality assurance of short fibre flat panels M10 Test campaign requirements provided by Airbus M11 Process repeatability for thermoplastic welding M12 Process repeatability for hybrid joints M13



Test campaign beginning



D



T0 + 12



M14



Demonstrator PDR



R



T0 + 12



D



T0 + 18



M15 Decision gate: fly/no-fly M16



Demonstrator CDR



R



T0 + 20



M17



Demonstrator manufacturing trials begin



D



T0 + 24



*Type: R=Report, D=Data, HW=Hardware



The Applicant will work in close cooperation with the Topic Manager who will provide the adequate information and technical requirements. Further innovations and improvements and recommendations from specific studies and analisys proposed by the Applicant will be welcomed. All the information and data to be exchanged between the Topic Manager and the Beneficiary of this topic will be regulated under specific NDA and IPR regulations that will recognice mutually the their property following the recommendations and directives of the CS JU.
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4. Special Skills, Capabilities, Certification expected from the Applicant(s) 



R&T Management o Management of complex R&T and industrial projects for aeronautical composite & metallic components by automated manufacturing processes. o High experience on international R&T projects  R&T Methodology o Fast track trial and error methodology o Experience on simulations to reduce R&T lead time.  Design and Data Management o High competence for managing aeronautical 3D design software, structural analysis for composite materials lay up design and lay up simulation. o Strong Structural FEM competences. o Experienced on topology optimisation.  Materials & Processes o High experience on Thermoplastic AFP and 3D AM. o Experience on thermoplastic raw materials internal development. o Experience on fast Non Destructive Inspections. o Cost efficient and energy saving innovative integrated manufacturing systems. o Experience on material physico-chemical analysis.  Manufacturing o In-situ consolidation means for both 2D and 3D lay-ups with carbon fibre reinforced composites with short & long fibre. o Experience on thermoplastic inductive welding. o Experience on hybrid unions development. o Previous experience on aerospace manufacturing processes.  Industrial Means Innovation o Design, development, manufacturing and integration of carbon fibre reinforced thermoplastic components by 2D and 3D additive manufacturing. o Monitoring and recording of manufacturing processes parameters. Innovative and online approaches for project development
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5. Abbreviations A/C AFP AM CAD/CAM CDR DMU FDM FEM ICD NDA SoA TRR WP



Aircraft Automatic Fibre Placement Additive Manufacturing Computer-Aided Design/Manufacturing Critical Design Review Digital Mock-Up Fused Deposition Modeling Finit Element Model Interface Control Documents No Disclosure Agreement State of the Art Test Readiness Review Work Package
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7. Clean Sky 2 – Fast Rotorcraft IADP I.



Full scale High speed aerodynamics characteristics of the Civil Tilt Rotor



Type of action (RIA or IA)



RIA



Programme Area



FRC



Joint Technical Programme (JTP) Ref.



WP1



Indicative Funding Topic Value (in k€)



3500



Topic Leader



Leonardo Helicopters



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



36



Indicative Start Date22



Q2 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-FRC-01-16



Full scale High speed aerodynamics characteristics of the Civil Tilt Rotor



Short description The Topic is aimed to characterize at high speed the fundamental aerodynamic aspects of the new tilt rotor configuration. The task shall be accomplished through a key support of an experimental wind tunnel test investigation. The activity will be accomplished by design, manufacturing and testing up to Mach 0.6 the basic configuration model including variants (in power off conditions). The main aerodynamic data set to feed Flight Mechanics simulation tools at full scale will be provided at the end of the activity with the support, if needed, by CFD.



22



The start date corresponds to actual start date with all legal documents in place.
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1. Background The overall objective of this Topic is to support, by experimental confirmation, the aerodynamic configuration definition of the novel tilt rotor NGCTR TD demonstrator. In order to guarantee the correct fulfillment of the design solution a dedicated wind tunnel test campaign at high speed is required to support the configuration definition, with the aim to verify and confirm the key architectural choices of the configurations. The activity shall culminate with the release of the high speed data set at full scale conditions, even by a CFD support for the extension (or confirmation) of the wind tunnel data at full Reynolds number if not achieved during the test campaign. The figure below shows the configuration of the NGCTR TD. The existing bare fuselage of the current flying TiltRotor will host a new wing and a new empennage configuration. The main aim of this topic is to experimentally evaluate the aerodynamic characteristic at high speed of this set-up and to confirm the choice of the empennage V-Tail scheme with respect to the classical T-Tail.



The main difference between the configurations to be analysed and tested in this Topic is then the empennage geometry: two options will be studied in this Topic: 1. The classical T-Tail empennage, as installed on the current tilt rotor:
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2. A new advanced V-Tail empennage, specifically studied for NGCTR and to be installed on NGCTR-TD:



All the other components (the so called tail-off configuration) are in common to both empennages, i.e the wing remains the same. The following Key pillars are the main drivers of this Topic activity:  







Model design and manufacturing Model wind tunnel tests Data analysis and reports



2. Scope of work The Applicant shall structure its Proposal into five main tasks as hereafter described:     



Task 1: Task 2: Task 3: Task 4: Task 5:



Management and project coordination Design of the unpowered model components Manufacturing of the unpowered model components Wind tunnel tests of the un-powered model Wind tunnel data analysis and reporting



Task 2: Design of the unpowered model components The model shall include (but it’s not limited to) the following main components: -



-



Internal frame for model support and wind tunnel main balance attachment Left & right wings with movable flaperons (remotely controlled). Hinge flaperon moments shall be measured as well. Secondary wing balance and dedicated attachment to the model mainframe: to correlate wing forces and moments, as accurately measured by balances, with the static pressure data integration. This step is helpful to evaluate the full scale behaviour by a sound experimental data base for CFD. Moreover, the application of transition strip on wing will be supported. In addition, being the wing design totally new, these data will support and confirm the air loads data set for structural substantiation and high speed. Tail Empennages (Basic T-Tail & Alternate V-Tail) with movable surfaces (remotely controlled) Empennage secondary balance and dedicated attachment to the model mainframe: to identify the individual aerodynamic loads of each empennage in order to confirm the released loads for structural substantiation at the fuselage/tail boom attachment bulkhead. Moreover, as far as the
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-



aerodynamic test campaign, the installations of transition strips as for the wing will benefits of both pressures and integral loads measurements. It’s suggested to design a model able to maintain the same balance installation for both empennage configurations Left & right engine nacelles detachable and movable (remotely controlled) Left engine nacelle instrumented with a dedicated components balance Left & right spinners (not rotating)



The following pressure measurements are required: - Wing static pressure taps (160 locations, one wing only) - Fuselage static pressure taps (120 locations) - Empennage static pressure taps ( 90 locations) - Dynamic press. Sensors on Empennage ( 20 transducers) - Dynamic press. sensors on wing (18 transducers on one wing) The model shall be designed to sustain a test matrix bounded by a Pitch attitude ranges from -20 to +30 deg, and a Yaw attitudes range from -30 up to +30 deg, both with a maximum free stream Mach number of not less than 0.6. For a first assessment of the task, the full scale TD wing span (distance between the two rotor center lines) is 12m, the full scale NGCTR TD length (nose to tail end) is 14m, the full scale NGCTR TD wing chord is 1.85 m. The model shall host a wing balance, a nacelle balance, an empennage balance, an overall main balance: all these balances will be supplied the Applicant. Inputs from Topic Leader:  Wind tunnel model specification – T0  CAD model in CATIA V5 format - T0 Outputs from the Applicant (T0 +12):     



2D drawings (printed and Catia format) 3D drawings (Catia format) Detailed design and stress report Structural substantiation report Material properties and characteristics



Task 3: Manufacturing of the unpowered model components This task deals with the manufacturing and the instrumentation (pressure transducers and balances, surface movable control system) of the wind tunnel model. Outputs from the Applicant: 



Model manufacturing (T0 + 24)



Task 4: Wind tunnel tests of the unpowered model This task includes: 1. Provision of a Wind Tunnel able to guarantee the allocation of the model attitudes as needed and a CFP07 Call Text (preliminary version) [PP1] – September 2017
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tunnel speed not less than Mach 0.6. 2. Definition of the test matrix in agreement with the ITD. Being not available at this stage the full text matrix to be accomplished, the Applicant shall consider the following 3 set of data points: a. First set: tail-off configuration to establish the basic aerodynamic characteristics in terms of static stability (30 polars in total) b. Second set: empennage 1-on configuration: 200 polars in total c. Third set: empennage 2-on configuration: 200 polars in total 3. Measurements of model main aerodynamic steady loads using the appropriate balances as required in Task 1 and the associated pressures in order to fulfil the data analysis as required in Task 4 and to support the extension to full scale. 4. Any other tests useful for transition strips location on wings, empennage and fuselage. 5. Any additional tests to evaluate the interference wind tunnel effects are not included in the previous a,b, c sets: those, if needed, shall be added by the applicant according to its own wind tunnel needs. Inputs from Topic Leader:  Support in the test matrix definition Outputs from the Applicant:  



Test Matrix Report – T0 + 3 M Raw data of the tunnel tests – T0 + 24 M



Task 5: Wind tunnel data analysis This task includes: 1. Delivery of the force and moments data reports, in a condensed and readable format to be agreed with ITD. The reports (as many as necessary) shall include: a.



the wind tunnel raw data as acquired by all balances,



b. the correction criteria used for post-processing such as tunnel wall and support interferences (if any), buoyancy corrections and other effects as peculiar of the applicant wind tunnel c. the final post-processed aerodynamic integral data of the overall configuration and of the individual components as measured by balances 2. the comparison results between the two tested empennage configurations in terms of pure static aerodynamic variation vs. aircraft attitudes (pitch and yaw) including the static stability curves (longitudinal and lateral)Delivery of the surface pressure (static and dynamic) report, in a condensed and readable format to be agreed with ITD 3. Analysis of the aerodynamic characteristics of the configurations at high speeds at full scale conditions (Full Mach and Full Reynolds). If a Reynolds number similarity is not guaranteed in the wind tunnel plant, a support from CFD shall be envisaged in this task, and the Proposal plan shall be structured accordingly. The Applicant should consider the following Mach-Reynolds envelope at full CFP07 Call Text (preliminary version) [PP1] – September 2017
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scale (based Reynolds based on the Wing chord).



Reynolds /10 6



20 18 16 14 12 10 8 6 4 2



Mach n°



0 0



0.1



0.2



0.3



0.4



0.5



0.6



0.7



Inputs from Topic Leader:  Condensed and readable format and conventions T0 + 12M Outputs from the Applicant:   



Wind tunnel entry – T0 + 23 M Wind tunnel force, moments and pressure report – T0 + 30 M Full scale aerodynamic characteristics – T0 + 36M



Tasks Ref. No.



Title - Description



Due Date



T1



Management and project coordination



T0 + 36



T2



Design of the unpowered model components



T0 + 12



T3



Manufacturing of the unpowered model components



T0 + 24



T4



Wind tunnel tests of the unpowered model



T0 +26



T5



Wind tunnel data analysis



T0+36
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3. Major deliverables/ Milestones and schedule (estimate) Deliverables Ref. No.



Title - Description



Type*



Due Date



D1



R



T0 + 6



D3



Preliminary Design Report (preliminary CATIA 3D) Final Design and Analysis Report - Comprehensive Documentation Package (CATIA 3D, 2D manuf. dwgs) Model delivery



D



T0 + 20



D4



Wind tunnel test matrix



R



T0 + 30



D2



R



T0 + 12



*Type: R=Report, D=Data, HW=Hardware



Milestones (when appropriate) Ref. No.



Title - Description



Type*



Due Date



M1



Tiltrotor Model PDR (Go ahead with detailed design)



RM



T0 + 6



M2



Tiltrotor Model CDR (Go ahead with manufacturing)



RM



T0 + 12



M3



Tiltrotor Model Test Readiness Review



RM



T0 + 23



M4



Tiltrotor Model Wind Tunnel Entry



RM



T0 + 23



*Type: R=Report, D=Data, HW=Hardware



4. Special skills, Capabilities, Certification expected from the Applicant(s) The Applicant shall have proven capabilities and skills in each of the specific areas of this Topic, in particular:  High Speed wind tunnel model design, instrumentation and manufacturing  Management and conduction of high speed wind tunnel tests  Proof capability in managing data acquisiton and post-processing of highly instrumented wind tunnel models  Proof experience in managing the aerodynamics of a Tilt Rotor  Numerical CFD capability in management the high speed aircraft conditions  Management of Projects at International level Due to the wide required capabilities, a Consortium gathering excellences is encouraged to respond.



5. Abbreviations NGCTR NGCTR TD CFD PDR CDR



Next Generation Civil Tilt Rotor Technology Demonstrator Computational Fluid Dynamics Preliminary Design Review Critical Design Review
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II.



Innovative flotation methodologies (system) for tilt rotor



Type of action (RIA or IA)



RIA



Programme Area (ref. to SPD)



FRC



Joint Technical Programme (JTP) Ref.



WP1



Indicative Funding Topic Value (in k€)



750



Topic Leader



Leonardo Helicopters



Type of Agreement



Implementation Agreement



Duration of the action (in months)



36



Indicative Start Date23



Q3 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-FRC-01-17



Innovative flotation methodologies (system) for tilt rotor



Short description Development of Innovative low weight floatation methodologies (system) for tilt rotor, including multibody model of ditching, validated by comparison with results of model testing, to allow seaworthiness verification by analysis and not by test.



23



The start date corresponds to actual start date with all legal documents in place.
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1. Background In the framework of Clean Sky 2 FRC IADP, the present Call requires Partner(s) (company or consortium) to develop Innovative low weight flotation methodologies (system) for tilt rotor.



2. Scope of work The main objectives of this Call are: 



the development of a validated floatation model, and



 the determination of the best architecture for an unconventional floatation system As first step of the design the Partner(s) shall develop a multibody model able to simulate the ditching of a tilt rotor. The model shall be validated by comparison with results of tests performed in a naval tank, using a scale model of the tilt rotor. The second step is the evaluation (by means of the validated model) of different floatation methodologies and systems, in particular looking for unconventional systems having a weight and cost lower than the usual floatation systems. The third step is the manufacturing of the first prototype of the best configuration identified by the second step. The detailed requirements and system interfaces with the aircraft and system performance shall be part of dedicated discussion with selected Partner(s), following the signature of dedicated NDA or equivalent commitment. The design and development of the system shall follow the standard procedures for aeronautic software. Tasks Ref. No.



Title - Description



T01



Kick Off Meeting(1)



T02



Development of the multibody model



T0 + 06



T03



Model testing



T0 + 12



T04



Validation of the model



T0 + 18



T05



Floatation system comparative analysis



T0 + 24



T06



Design of flotation system components



T0 + 30



T07



Manufacturing of the first flotation system prototype



T0 + 36



Due Date [T0 + mm] T0



(1): High-level System Requirements will be provided to the selected Partner(s), following the signature of dedicated NDA or equivalent commitment, as part of the techincal discussions between the Partner(s) and LH that will take place after the selection phase (T0).
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3. Major deliverables/ Milestones and schedule (estimate)



Deliverables Ref. No.



Title – Description



D01



Multibody model



D02



Type



Due Date [T0 + mm]



CFD FILE



T0 + 06



Multibody ditching analysis



DOCUMENT



T0 + 06



D03



Model Tests Procedure



DOCUMENT



T0 + 09



D04



Model Tests Result



DOCUMENT



T0 + 12



D05



Comparative analysis of model results and experimental results



DOCUMENT



T0 + 18



D06



Floatation system comparative analysis



DOCUMENT



T0 + 24



D07



Flotation system design description



DOCUMENT



T0 + 30



D08



Flotation system components drawing



DOCUMENT



T0 + 30



D09



Flotation system prototype



DOCUMENT



T0 + 36



Milestones (when appropriate) Ref. No.



Title - Description



M01



Kick-off meeting



M02



Multibody model presentation



M03



Closure of Experimental campaign



M04



Comparative analysis report



M05



Design review



M06



Flotation system prototype



Type



Due Date [T0 + mm]



Design review



T0



Design review & model availability Document and design review



T0 + 06 T0 + 18



Document and review



T0 + 24



Design Review



T0 + 30



Parts availability



T0 + 36



4. Special skills, Capabilities, Certification expected from the Applicant(s) The Applicant(s) shall own the following pedigree and special skills:  Compliance to SAE AS9100.  Familiarity with, or at least knowledge, of aeronautic rules, certification processes and quality requirements.  Capability to design, validate, manufacture airborne equipment  Experience in research, development and manufacturing in the following technology fields: o Multibody simulation o Floatation system CFP07 Call Text (preliminary version) [PP1] – September 2017
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o Experimental test capabilities (nice to have) Shape, component design and structural analysis using CATIA v5 and NASTRAN. Capability to optimize the HW and SW design, to model mathematically/numerically complex mechatronic systems with suitable simulation tools and to analyze both simulation and experimental results to ensure that the various required performance goals are met. Capability to repair “in-shop” equipment due to manufacturing deviations.



Detailed Quality Assurance Requirements for Supplier will be provided to the selected Partner(s) following the signature of dedicated NDA or equivalent commitment. The Partner shall guarantee consumable availability and technical support even following achievement of all milestones.



5. Glossary NDA Non disclosure agreement HW Hardware SW Software DOA Design Organization Approval PPT Power Point Presentation DOCUMENT: Document issued REPORT: Document or ppt presentation
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8. Clean Sky 2 – Airframe ITD I.



Finalize and improve the manufacturing and the instrumentation of the model of a laminar wing configuration business jet (LSBJ)



Type of action (RIA or IA)



IA



Programme Area



AIRFRAME



Joint Technical Programme (JTP V5) Ref.



WP A-2.2



Indicative Funding Topic Value (in k€)



900



Topic Leader



Dassault Aviation



Type of Agreement



Implementation Agreement



Duration of the action (in Months)



12



Indicative Start Date24



Q4 2018



Topic Identification Code



Topic Title



JTI-CS2-2017-CfP07-AIR01-30



Finalize and improve the manufacturing and the instrumentation of the model of a laminar wing configuration business jet (LSBJ)



Short description The purpose of the topic is to finalize and improve the manufacturing of the LSBJ half-model started in the EULOSAM project in the frame of CS1 SFWA ITD. The final objective is to perform WTT (but it is out of the perimeter of the CfP) in order to identify the behaviour of a laminar wing at high Re number and low speed conditions. The expected innovation and improvement are new processes to manufacture flaps, aileron and HTP, a motorization to move the HTP and the implementation of transducers inside the leading edge with plug and play systems.



24



The start date corresponds to actual start date with all legal documents in place.
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1. Background Laminarity is one of the most important technological routes toward a more efficient aircraft, as it can provide a significant improvement on drag & aircraft aerodynamic efficiency. Major demonstrations of natural laminarity for a partially modified wing will be performed in Clean Sky. This demonstration will validate the concept. The topic is devoted to the manufacturing of a large scale half-model for testing in a pressurized low speed wind tunnel. The fuselage (with nacelles and Vertical Tail Plane) and the wing main box will be provided by the Topic Manager. In order to integrate an additional touch of innovation concerning the manufacturing processes and instrumentation, it is allowed to modify the fuselage and/or the wing-box as far as the modifications won’t modify the existing pieces of the existing model. These modifications shall be considered as part of this CfP. Most of the model design and a part of the manufacturing were completed under a previous CS1 SFWA ITD CfP project. Some adaptation of the design to the final geometry may nevertheless be necessary within this topic in particular to implement new concepts for improving the efficiency of the WTT.



2. Scope of work List of the tasks The tasks to be carried in this project are: Tasks Ref. No. T1 T2 T3 T4 T5 T6



Title - Description Preliminary design of the improvement of the model Detailed design of the improvement of the model Manufacturing of the remaining parts of the model Instrumentation of the model Inspection (geometry and instrumentation) of the model Manufacturing of the needed storage boxes and shipment of the complete model



Due Date T0+2 T0+4 T0+9 T0+11 T0+11.5 T0+12



The wing will be an innovative low sweep high aspect-ratio design with an airfoil designed to be laminar in cruise conditions (M=0.75 – 43kft). Innovative high-lift systems are outputs of related CS1 SFWA studies and shall include:  Krueger slats  Conventional single slotted flap  Innovative Flaps devices Wing modularity also includes:  A removable leading edge for different leading edge concepts/shapes  Spoilers and airbrakes  Ailerons The parts already existing are:  Fuselage CFP07 Call Text (preliminary version) [PP1] – September 2017
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Wing Main box One set of clean leading edge Interface plate between the wing and the balance of the wind tunnel



The parts to design and manufacture within this topic are therefore: - Instrumentation of the manufactured wing main box and clean leading edge - All the trailing edge parts - Body fairing between the root of the wing and the fuselage - Conventional trailing edge : inboard and outboard flap and one aileron instrumented - Leading edges derivatives (7 parts) - Slats (overall span) instrumented - Smart flaps (inboard and outboard) instrumented - Landing gear - VTP and HTP with mechanism for the trim General Size of the model The model is a left-hand-side half-wing with high aspect ratio (around 11) and low sweep (20°). At model scale, the half-wing will be roughly 2.25 m in span for an area of ≈ 1 m2. At model scale, the HTP will be 0.8 m in span for an area of 0.26 m2. The generic Falcon fuselage (with nacelles and VTP) and the wing main box will be provided by the Topic Manager and adapted if needed to the new instrumentation by the applicant.



Figure 1: Provided generic Falcon fuselage with nacelles with a generic Falcon Wing Fuselage description In the current FALCON model from which the fuselage will be provided for the current topic, the wing is directly attached to the balance via an interface plate. The same setting will be used for this model. The new interface plate is already manufactured. The body faring that aims to fit the new wing with the existing fuselage is already designed and has to be manufactured.
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Figure 2: Cutaway of the fuselage Wing description The parts of the wing to be manufactured are:  Leading edge derivatives. For the 4 different parts in span, 3 different (partially in span) LE shapes, named: CL, CM, CC, have to be manufactured to complete the clean leading edge already manufactured. So 7 different leading edge parts with a chord extension of around 25% are therefore required. Each LE part is divided in upper and lower parts.  Body fairing to fit the fuselage with the wing







A modular trailing edge architecture capable of 2 different trailing edge concepts o Conventional single slotted flaps o Clean configuration: the flaps are at 0° deflection o Take-off configuration including a +-5° modification deflection system. The brackets shall permit a slight capacity of overlap and gap settings (roughly a X and Z setting capacity) o Landing configuration including a +-5° modification deflection system. The brackets shall permit a slight capacity of overlap and gap settings (roughly a X and Z setting capacity) o



Innovative Flap devices: o Clean configuration: the flaps are at 0° of deflection o Take-off configuration: at a given extension, a bracket that enables a camber setting from -30°° to 20°. The brackets shall also permit a slight capacity of overlap and gap settings (roughly a X and Z setting capacity) o Landing configuration: at a given extension, a bracket that enables a camber setting from -30°° to 40°. The brackets shall also permit a slight capacity of overlap and gap settings (roughly a X and Z setting capacity)
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In terms of moving parts, one shall therefore consider: o 2 different outer flaps (1 conventional flap + 1 “smart flap”) and 2 different inner flap (1 conventional flap + 1 “smart flap”) o 2 sets of flap roof (one for the “Smart Flaps” and one for the two others)  For the conventional flap roof, 4 spoilers/airbrakes have to be considered with 4 deflections each (including 0°)  For the “Smart Flap” roof, it is asked to manufacture one set of flap roof at 0° (already designed). An aileron



A set of Kruger slats with slight capacity of gap and overlap settings. The Kruger slat will be dedicated to only one set of leading-edge. This specific set of leading edge shall therefore also present a removable lower panel to mimic the open cavity when the slat is deployed. That is why each LE part is divided in upper and lower part. The Krueger slat will be divided in 4 parts in span and for each part, 3 different set of brackets will be manufacture to enable different slat deflection.
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A simplified main landing gear with doors will be manufacture and integrate into the wing in a generic cavity. The cavity can be closed with a dedicated and manufactured part at the lower side of the wing for clean and take-off configurations.



Wing Instrumentation The wing will be equipped with 4 lines of around 80-100 pressure probes each. In a given line, there will be some pressure taps in  Wing-box  Leading-edge  Flap (pressure needed for all deflections)  Aileron To achieve quick-change capacity during the test, one shall therefore consider quick connectors for the taps to be installed in the moving parts. 4 strain gauges will be installed on the upper part of the wing Rough parts for flaps and aileron will be manufactured with SLM process in order to integrate pressure taps routes. The supplier will be able to design new parts and define design rules necessary for machining process. Moreover, it will be able to provide stress test for justifying mechanical strength. Leading Edge parts will be redesigned for replacing pressures taps by transducers. Those will be integrated with plug and play interface. HTP description The HTP will be a simple one-part all movable part. That means no movable elevator is asked within this topic. It is asked to manufacture a new HTP with a new attachment that allows fitting with the existing trim system. The trim system is already provided with the VTP. In order to optimise machining time and cost, rough parts for HTP will be manufactured with sand casting. Mould core will be realised with additive manufacturing adapted to sand casting. The supplier will be able to design this part and define design rules associated. Moreover, it will be able to provide stress test for justifying mechanical strength.
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In order to develop supplier design skills, the supplier will design a complete system to motorise the HTP trim, with the control program associated and compatible with WTT interfaces. This system won’t be integrated to the model but used in a workbench for proof test. HTP angular displacement : [- 14° ; + 3°] Angular accuracy : < 0.03° and < 0.08° with aerodynamic force HTP trim switch time : < 1min Model loads Expected loads on the wing model are: (X Chord-Wise ; Y Span-Wise; Z Normal)  Fx = 4000 N  Fy = -10000 N  Fz = 50000 N  Mx = -4000 Nm  My = -10000 Nm  Mz = 5200 Nm The expected normal loads on moving parts are:  Inner flap: 800 N  Outer Flap : 1800 N  Slats (loads for the full span) : 3200 N Expected loads on the HTP model are:  Fx = -3400 N  Mx = -900 Nm  My = -350 Nm (at 40% chord) One can increase these values by 20% to take into account the dynamic loads at stall. The stress report is available and is an output of a previous project. The material is already defined for each parts of the model. The applicant must take notice that some critical parts (only brackets) have to be manufactured in Maraging steel with all provisioning issues that this constraint implies. Shape tolerances The applicant shall respect the following given tolerances: Shape tolerance Root airfoil angle setting Local twist (root airfoil reference)



+- 0.1 +- 0.1 +- 0.075



mm ° °



Moving surfaces deflection (flap, slat, aileron) Flap overlap & gap setting Slat overlap & gap setting



+- 0.1 +- 0.15 +- 0.1



° mm mm



Leading-edge roughness including slats & flaps (x/c > 0.25) Other parts Roughness



Ra 























des documents recommandant
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CFP07 - Clean Sky 

22 sept. 2017 - Development of a full size automated plant system for fuselage .... Prototype Tooling for manufacturing composite stiffened panel for a business jet lower ...... The applicant shall have the capacity of coordination and support ...
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Annex III: 7 Call for Proposals (CFP07) - List and Full ... - Clean Sky 

22 sept. 2017 - ... distribution of max +/- 5 Â°C at the mould surface. 5. Connections: â€¢ Temperature circuits: G Â½â€œ plug-clutch (type: HK-A). â€¢ Compressed air: Rapid-connect coupling NW 7,2 G Â½â€œ (10 bar). 6. Mould material: â€¢ Hardened an
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Clean & Charge 

Do not use outdoors or operate where aerosol (spray) products are being used or where oxygen is being administered. 8. Always attach plug to appliance first, ...
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CLEAN THREADS 

HINTS FOR HOMEBUILDERS. CLEAN. THREADS. BY JAY FORTNER, EAA 1018145. THESE ARE THREAD CLEANERS that I've made to clean debris out of ...
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Annex II: 3 Call for Proposals (CFP03): List and Full ... - Clean Sky 

29 fÃ©vr. 2016 - experimental tests shall include single mode as well as combined tests ...... building the machine & drill part program for the ribs in the nominal ...
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Annex II: 3 Call for Proposals (CFP03): List and Full ... - Clean Sky 

29 fÃ©vr. 2016 - information on the microstructure of the specimens at all stages of the tests. ... simulation at all its phases - including the failure of the sample if applicable. ...... diameters along with larger engine nacelles, typical for â€œV
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Sky fall 

Face it all together. Let the sky fall, when it crumbles. We will stand tall. Face it all together. At skyfall. Skyfall is where we start. A thousand miles and poles apart.










 


[image: alt]





Clean Dry - Toto USA 

Enregistrement du garantie et renseignements. .... Raccordement direct Ã  la source d'alimentation. Environ 0.6 W ... complet dans l'ouverture d'insertion avec les paumes vers le bas. 2. ..... prolongÃ©e que pour le seul ACHETEUR D`ORIGINE de l`appar
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Liasse fiscale AUTO CLEAN 

184. * Des explications concernant cette rubrique figurent dans la notice nÂ° 2033-NoT-SD. AUTO CLEAN. 8 3 3 4 2 0 5 8 1. 13530 TRETS. 31 12 201 8. 1 2. 0 0.
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atis 4 - SKY Paragliders 

temperatur, Feuchtigkeit und Druck durchgefÃ¼hrt. sie wurden von professionellen Piloten ausgefÃ¼hrt, die ausgebildet sind, auf jedes Problem angemessen zu ...
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SCOOTER M - Sky Country 

0. 5. Pitch stability exiting accelerated flight. A. Dive forward angle on exit. Dive forward less than 30Â°. A Dive forward less than 30Â°. A. Collapse occurs. No. A No.
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The sky children 

A guard in a chariot of silver and gold gave the children all tickets then the story he told ... They saw candy forests and dragons that breathed fire on all that was evil in ... Their tinkling floated across the island with ease and it came back tow
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atis 4 - SKY Paragliders 

38â€“41. English>. 13 .... Despite tests showing that the atis 4 recovers spontaneously after collapses, active piloting is recommended in ...... d'ascendance et de maintenir le parapente plus Ã  plat pour optimiser le taux de chute en virage (avec .
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Liasse fiscale CLEAN WASHING 

CLEAN WASHING. 7 9 7 7 9 7 1 3 1. 37500 CHINON. 1 2. 1 2 ... Emprunts et dettes auprÃ¨s des Ã©tablissements de crÃ©dit (5). DU. Emprunts et dettes financiÃ¨res ...
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The Clean Microscope 

Other glass surfaces in the light path e.g. bulbs of halogen- or high pressure lights, .... Remove all water-soluble dirt with distilled water. If this is unsuccessful ...
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clean dry - Toto USA 

GarantÃa. 17âˆ¼19. â—‹ Thank you for your recent purchase of the TOTO product. ... If you have questions regarding warranty policyor coverage, please contact TOTO U.S.A. Inc., Customer Service Department, 1155 SouthernRoad,. Morrow, GA ... Users may
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Clean, wholesome and American? 

Gap's suppliers are supposed to adhere to one of the most rigorous codes of conduct in the industry. Their workers must be aged at least 14. They must comply ...
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SumaÂ® Clean RF P6 

Manipulation facile, avec emballage mains libres. â€¢ Fournit un pouvoir dÃ©tergent supÃ©rieur Ã  un faible coÃ»t d'usage. â€¢ Agit mÃªme dans les conditions les plus ...
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SumaÂ® Clean RF P6 

2016 Sealed Air Corporation. Tous droits rÃ©servÃ©s. PSS90345F (16/195). Rappel de sÃ©curitÃ©. Veuillez vous assurer que vos employÃ©s lisent et comprennent ...










 


[image: alt]





Clean Dry - Toto USA 

Utilisez des matÃ©riaux rÃ©sistant Ã  l'eau pour la construction des murs ou du plancher Ã  proximitÃ© car de petites gouttelettes d'eau peuvent Ãªtre projetÃ©es si l'utilisateur ..... peut Ãªtre prolongÃ©e que pour le seul ACHETEUR D`ORIGINE de l`ap
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MSDS - Clean It Supply 

Minimal fire hazard. Large quantities may cause risk of dust explosion. Flash Point (Method Used): Not applicable. Flammable Limits. Lower Explosive Limit: Not .... Point de fusion/congÃ©lation : Non disponible. Point d'Ã©bullition : Non disponible. 
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Sky & Telescope - astronomy.ro 

mountains of New England, the remote byways of India, and the night skies above them all. He can be reached at [email protected]. Sky & Telescope ...
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sky metis - Para2000 

A2. 2. 7850-130-14. 200,5. C2. 2. 7850-130-40. 190,5. A26. 2. 7850-080-14. 209,5. A4. 2. 7850-130-14. 191,0. C4. 2. 7850-130-40. 181,0. B26. 2. 7850-080-14.
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Sky Surfer 2.0 ARTF 

corkscrew flight. 7. Near rivers or lakes. When operating near rivers or lakes and if the. Sky Surfer lands on water, you may not get it back depending on the condition. Check the wind direction and do not operate on the leeward side of rivers and la
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