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Overview of number of topics and total funding value per SPD 

 

 
 

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.  
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List of Topics for Calls for Partners (CFP03)  

 

Identification Code Title Type of 
Action 

Value 
(Funding in 

aϵύ 

JTI-CS2-2016-CFP03-LPA-
01-12 

High cycle fatigue prediction methodology for fiber reinforced 
laminates for aircraft structures in CROR environment ς development 
and validation 

IA 0,400 

JTI-CS2-2016-CFP03-LPA-
01-13 

Manufacturing of prototype elements for hybridation of titanium and 
epoxy resin - Characterisation of the Titanium TiCP40 - CFRP adhesive 
joint 

RIA 0,700 

JTI-CS2-2016-CFP03-LPA-
01-14 

Automated injection RTM system process based in innovative sensor 
technologies in a low cost smart manufacturing tooling prototype 
and any tooling involved in the manufacture or the validation of the 
structure 

IA 1,000 

JTI-CS2-2016-CFP03-LPA-
01-15 

High Fidelity time-accurate CFD Simulations RIA 0,300 

JTI-CS2-2016-CFP03-LPA-
01-16 

Aerodynamic Isolated and Installed Methods for UHBR Adaptable 
Area Nozzles  

IA 1,100 

JTI-CS2-2016-CFP03-LPA-
01-17 

Windtunnel test for flow control at the engine/pylon with a 
representative aircraft configuration under fully realistic flow 
conditions 

RIA 0,800 

JTI-CS2-2016-CFP03-LPA-
02-08 

High production rate composite Keel Beam feasibility IA 0,600 

JTI-CS2-2016-CFP03-LPA-
02-11 

Structural energy storage and power generation functionalities in 
multifunctional composite structures 

RIA 1,130 

JTI-CS2-2016-CFP03-LPA-
02-12 

Development of System Components for automated Cabin and Cargo 
Installation 

IA 1,250 

JTI-CS2-2016-CFP03-LPA-
02-13 

Design for Automated Installation of Linings and Hatracks in Cabin 
and Cargo 

IA 0,750 

JTI-CS2-2016-CFP03-LPA-
02-14  

Assembly Planning and Simulation of an Aircraft Final Assembly Line 
(FAL) 

IA 0,500 

JTI-CS2-2016-CFP03-LPA-
03-07 

Secured and performant wireless connection based on light (LiFi) for 
EFB, headset and other pilot connected devices 

IA 1,100 

JTI-CS2-2016-CFP03-LPA 12 topics 
  

9,630 

JTI-CS2-2016-CFP03-REG-
01-02 

Green Turboprop configuration - Natural Laminar Flow adaptive wing 
concept aerodynamic experimental validation (WTT2) 

IA 2,250 

JTI-CS2-2016-CFP03-REG-
01-03 

Aileron Actuation Subsystem using EMAs IA 1,100 

JTI-CS2-2016-CFP03-REG-
01-04 

Development and delivery of a flexible assembly system based on 
reverse engineering, tolerance analysis and Determinant Assembly 
Approach of wing box 

IA 1,700 

JTI-CS2-2016-CFP03-REG 3 topics 
  

5,050 
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Identification Code Title Type of 
Action 

Value 
(Funding in 

aϵύ 

JTI-CS2-2016-CFP03-FRC-
01-02 

Development and demonstration of a high power density 
homokinetic drive joint for civil rotor applications 

IA 0,750 

JTI-CS2-2016-CFP03-FRC-
01-07 

Next generation smart active inceptors for a civil tiltrotor IA 1,500 

JTI-CS2-2016-CFP03-FRC-
01-08 

High Speed HVDC Generator/Motor IA 1,000 

JTI-CS2-2016-CFP03-FRC-
01-09 

Power Distribution IA 1,500 

JTI-CS2-2016-CFP03-FRC-
01-10 

Next Generation Fuel Storage System IA 1,000 

JTI-CS2-2016-CFP03-FRC-
02-09 

Light weight, impact resistant, canopy for fast compound rotorcraft IA 1,500 

JTI-CS2-2016-CFP03-FRC-
02-11 

Design and Realization of equipped engine compartments including 
cowling for a fast compound rotorcraft 

IA 1,250 

JTI-CS2-2016-CFP03-FRC-
02-15 

Advanced Health Monitoring System for next generation materials IA 0,500 

JTI-CS2-2016-CFP03-FRC-
02-16 

Electrical Components IA 0,500 

JTI-CS2-2016-CFP03-FRC 9 topics 
  

 9,500 

JTI-CS2-2016-CFP03-AIR-
01-15 

Functional top coat for natural laminar flow IA 0,680 

JTI-CS2-2016-CFP03-AIR-
01-16 

Design Guide Lines and Simulation Methods for Additive 
Manufactured Titanium Components 

RIA 0,800 

JTI-CS2-2016-CFP03-AIR-
01-17 

Orbital Drilling of small (<10mm diameter) holes, standardly spaced 
with aluminium material in the stack. 

RIA 0,500 

JTI-CS2-2016-CFP03-AIR-
01-18 

Research and development of a compact drilling and fastening unit 
suitable for a range of standard 2 piece fasteners 

RIA 0,500 

JTI-CS2-2016-CFP03-AIR-
01-19 

Hybrid Aircraft Seating Requirement Specification and Design - HAIRD IA 0,250 

JTI-CS2-2016-CFP03-AIR-
02-17 

Flexible Test Rig of Aircraft Control Surfaces powered by EMAs IA 0,510 

JTI-CS2-2016-CFP03-AIR-
02-18 

Prototype Tooling for subcomponents manufacturing for wing 
winglet 

IA 0,600 

JTI-CS2-2016-CFP03-AIR-
02-19 

Prototype Tooling for Sub-Assembly, Final Assembly and Transport of 
the Morphing Winglet and Multifunctional Outer Flaps of the next 
generation optimized wing box 

IA 0,810 

JTI-CS2-2016-CFP03-AIR-
02-20 

Low cost Fused Filament Fabrication of high performance 
thermoplastics for structural applications 

RIA 0,350 

JTI-CS2-2016-CFP03-AIR-
02-21 

Innovative Tooling Design and Manufacturing for Thermoplastic 
Stringers and High Integration 

IA 1,200 
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Identification Code Title Type of 
Action 

Value 
(Funding in 

aϵύ 

JTI-CS2-2016-CFP03-AIR-
02-22 

Adaptive multifunctional innovative Test Rigs for both structural test 
of multidimensional and multishape panels and structural tests on 
Tail unit 

IA 0,350 

JTI-CS2-2016-CFP03-AIR-
02-23 

Automation of hand lay-up manufacturing process for composite 
stiffeners 

IA 0,120 

JTI-CS2-2016-CFP03-AIR-
02-24 

Tests for leakage identification on Aircraft fluid mechanical 
installations 

IA 0,260 

JTI-CS2-2016-CFP03-AIR-
02-25 

Development and demonstration of materials and manufacturing 
process for high structural damping composite beams for civil rotor 
and airframe applications 

IA 0,500 

JTI-CS2-2016-CFP03-AIR-
02-26 

Development of innovative automated fiber placement machine for 
composite fuselage manufacturing with high performance hybrid 
materials 

IA 2,700 

JTI-CS2-2016-CFP03-AIR-
02-27 

Development, fabrication, verification and delivery of innovative and 
flexible system for automated drilling and fastener insertion on 
fuselage barrel 

IA 0,900 

JTI-CS2-2016-CFP03-AIR-
02-28 

Development of equipment for composite recycling process of 
uncured material 

RIA 0,500 

JTI-CS2-2016-CFP03-AIR 17 topics 
  

11,530 

JTI-CS2-2016-CFP03-ENG-
01-05 

Optimisation of sensor and associated data acquisition system for 
blade behaviour 

RIA 1,800 

JTI-CS2-2016-CFP03-ENG-
01-06 

Very high loaded planet bearings enabling technologies IA 0,500 

JTI-CS2-2016-CFP03-ENG-
01-07 

Advanced mechatronics devices for electrical management system of 
Turboprop  

RIA 0,900 

JTI-CS2-2016-CFP03-ENG-
01-08 

Advanced Bearings for Turboprop engine IA 0,500 

JTI-CS2-2016-CFP03-ENG-
01-09 

Integrated air-oil cooling system IA 0,700 

JTI-CS2-2016-CFP03-ENG-
02-04 

Automated full faced measurement of complex geometries  RIA 1,200 

JTI-CS2-2016-CFP03-ENG-
03-09 

Orbiting Journal Bearing Rig IA 1,100 

JTI-CS2-2016-CFP03-ENG-
03-10 

Innovations in Titanium investment casting of lightweight structural 
components for aero engines 

RIA 0,800 

JTI-CS2-2016-CFP03-ENG-
03-11 

Aerodynamic rigs for VHBR IP Turbine IA 2,500 

JTI-CS2-2016-CFP03-ENG-
03-12 

Development of intelligent oil system enablers for large VHBR engine 
oil lubrication and heat management systems 

RIA 3,000 
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Identification Code Title Type of 
Action 

Value 
(Funding in 

aϵύ 

JTI-CS2-2016-CFP03-ENG 10 topics 
  

13,000 

JTI-CS2-2016-CFP03-SYS-
01-02 

Mems Accelerometerς Maturity Assessment And Improvement IA 1,000 

JTI-CS2-2016-CFP03-SYS-
02-14 

Development of electromechanical actuators  and electronic control 
units for flight control systems 

RIA 1,600 

JTI-CS2-2016-CFP03-SYS-
02-15 

Smart oil pressure sensors for all oil cooled starter/generator IA 0,600 

JTI-CS2-2016-CFP03-SYS-
02-16 

Optimization two phases cooling solution using micro pump brick IA 0,800 

JTI-CS2-2016-CFP03-SYS-
02-17 

innovative pump architecture for cooling electrical machine IA 0,800 

JTI-CS2-2016-CFP03-SYS-
02-18 

Eco Design: Injection of thermoplastic reinforced with long fibers 
όŎŀǊōƻƴΣ ƎƭŀǎǎΣ YŜǾƭŀǊΧύ ŦƻǊ ǎŎǊƻƭƭ ǊŜƛƴŦƻǊŎŜƳŜƴǘ 

IA 0,500 

JTI-CS2-2016-CFP03-SYS-
02-19 

Eco Design: Composite functionalization: thermal and electrical 
conductivity 

RIA 0,500 

JTI-CS2-2016-CFP03-SYS-
02-20 

Eco Design: Screening and development of optimized materials 
(wires, resins and varnishes) for high temperature coils  

IA 0,500 

JTI-CS2-2016-CFP03-SYS-
02-21 

Model-Based identification and assessment of aircraft electrical and 
thermal loads architecture management functions 

RIA 0,900 

JTI-CS2-2016-CFP03-SYS-
03-04 

Low Power De-Icing System suitable for Small Aircrafts IA 1,100 

JTI-CS2-2016-CFP03-SYS-
03-05 

Eco Design: High efficient non-structural landing gear parts based on 
advanced carbon fiber material systems and highly automated 
production technologies for helicopter and aircrafts. 

IA 0,400 

JTI-CS2-2016-CFP03-SYS-
03-06 

Eco Design : Electrocoating process for Cr6-free surface treatment of 
aluminium parts 

IA 0,350 

JTI-CS2-2016-CFP03-SYS 12 topics 

  

9,050 
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1. Clean Sky 2 ς Large Passenger Aircraft IAPD 

I. High Cycle Fatigue Prediction Methodology for Fiber Reinforced Laminates for Aircraft 

Structures in CROR Environment ς Development and Validation 

 
 

Type of action (RIA or IA) IA 

Programme Area  LPA  

Joint Technical Programme (JTP) Ref. WP 1.2.1 - Advanced Engine and Aircraft Configurations 

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ 400 ƪϵ 

Duration of the action (in Months) 24 months Indicative 
Start Date1 

01 2017 

 

 

Identification Title  

JTI-CS2-2016-CFP03-LPA-01-12 High cycle fatigue prediction methodology for fiber reinforced 
laminates for aircraft structures in CROR environment ς 
development and validation 

Short description (3 lines) 

For the design of airframe structure regions facing CROR blades, the reinforcement of CFRP has to be 

laid out dedicatedly in terms of fatigue resistance. Fatigue shall be described by appropriate models 

in simulation and verified in correlated testing. 

 

  

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

 

WP 1.2 deals with the validation of a critical disruptive technology, required to secure safe and efficient CROR 

integration on rear end mounted aircraft, at representative scale, to reach TRL 6. The critical challenges are 

safety (Uncontained Engine Rotor Failure (UERF), high dynamic loads via a large pylon, vibrations and noise. It 

requires to re-design the systems and structural architecture of the aircraft since it has a strong impact on the 

center of gravity of the aircraft.  

A rear end demonstrator will be designed and manufactured to provide a representative framework to: 

¶ Demonstrate a full scale rear-end with representative static, fatigue and dynamic loads.  

¶ Demonstrate engine integration compliance with certification rules  

¶ Validate CFRP structure and system integration concept for an advanced engine  

¶ Demonstrate fuselage vibration and acoustics response  

¶ Development of test capabilities both physical at full scale and virtual for various purposes such as 

static, fatigue, vibrations, impact, system integration and operability.  

¶ Develop, mature and demonstrate concepts for structural health monitoring.  

¶ Demonstrate repair technologies.  

Any considered shielding strategy for the airframe will consider not only impacts by uncontained rotor failure 

but also impacts caused by ice shedding, tyre debris or hail and bird strike as well as noise shielding 

requirements. Therefore efficient measures for structural shielding reinforcement based on innovative 

material technologies and architectures, including noise shielding functionalities have to be developed. 

 

2. Scope of work 

 

Tasks 

Ref. No. Title - Description Due Date 

T01 Sound source and amplification setup 03/2017 

T02 Temperature and humidity sensitivity 12/2017 

T03 Physical analysis of fatigue effects 03/2018 

T04 HCF extension to fatigue master curves 06/2018 

T05 FEA of fracture and damage  09/2018 

T06 Model validation 12/2018 

 
 

The objective of this project is the development and validation of an advanced methodic framework, including 

testing methodology for predicting the long-term fatigue life of multi-ply tape laminates for the use in aircraft 

structures loaded e.g. by CROR sound pressure. In the frame of the project to be proposed complementary to 

the tasks in WP1.2.1 alternative material as well as modified load characteristics have to be applied which is 
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absolutely essential for validation of the extension of the methodology. The development work will consist of 

experimental tests, physical analysis and numerical simulation. The experimental tests will specifically be 

designed and performed as required by this development work starting from specimen fabrication out of 

material samples provided by the partners of the CleanSky2 LPA IADP.  

An explicit requirement to the applicant with T01 is to provide appropriate sound source and amplification 

ƳŜŀƴǎ ŦƻǊ ǘƘŜ ǘŜǎǘ ǎŜǘǳǇ ŀǘ CǊŀǳƴƘƻŦŜǊ L.t ƛƴ {ǘǳǘǘƎŀǊǘΦ ! ǇƻǊǘƛƻƴ ƻŦ ул ƪϵ Ƙŀǎ ǘƻ ōŜ ǊŜǎŜǊǾŜŘ ŦƻǊ ǘƘŀǘ ǘŀǎƪ ƛƴ 

the project. 

The fatigue prediction methodology shall be developed based on an existing approach to accelerated lifetime 

predictions of carbon fiber reinforced laminates, whose general feasibility has already been demonstrated 

experimentally.  The development will expand the existing approach systematically such that the number of 

structural configurations, load conditions, and environmental effects covered and accounted for by the testing 

methodology is increased by the following technical achievements:  

T02 - Temperature and moisture sensitivity: The fatigue model will be able to predict the lifetime at arbitrary 

levels of temperature and moisture and accounts for the effects of self-heating at fiber reinforced materials 

most relevant aircraft structures for CROR and ATP engine mounting environment. The respective 

experimental tests shall include single mode as well as combined tests providing for a comprehensive 

characterization of the material behavior with respect to its temperature dependent transient, dynamic and 

fatigue contributions.  The tests have to be performed by dedicated equipment supplemented by in-situ 

contact-less measurement features applying digital image correlation, DIC, that allows a precise quantification 

of the multi-dimensional stress and strain fields occurring in the specimen during tests.   

T03 - The physical analysis will include destructive and non-destructive techniques providing thorough 

information on the microstructure of the specimens at all stages of the tests.  All experimental data, i.e., the 

static and the transient data of the stress and strain fields as well as the micro structural information, will be 

captured by parametric 3-D finite element models (T05) and each test will be replicated by a numerical 

simulation at all its phases - including the failure of the sample if applicable.  Hence, concepts of fracture and 

damage mechanics shall be applied besides those of nonlinear continuum mechanics to determine the effects 

of self-heating and moisture and temperature sensitivity and set them in relation to the known structural and 

environmental effects on the fatigue lifetime (e.g., ply types and orientation in the stack, load direction, 

ambient temperature and humidity etc.  By means of closed loop combination of experimental tests, physical 

analyses, and numerical simulations, all effects shall be studied and analyzed thoroughly that contribute to the 

fatigue life of extremely loaded aircraft structures made of the material under investigation even in 

configurations not tested explicitly (i.e., in different stack configurations).   

T04 - HCF approach: The fatigue model will be expanded to be able to predict the lifetime of CFRP at higher 

frequency loads (HCF ς high cycle fatigue) to represent high sound pressure loading from CROR 

T06 - The validity of each methodology enhancement shall be demonstrated. The outcome of the investigation 

will be an Excel spread-sheet table including the resulting fatigue master curves and shift factors that allow 
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accounting for all abovementioned effects and will be validated in this task. 

 

3. Major deliverables/ Milestones and schedule (estimate) 

 

Deliverables  

Ref. No. Title - Description Type Due Date 

D01 Sound source and amplification ς Setup of sound 
source and amplifier @ IBP Stuttgart 

HW 03/2017 

D02 Feasibility Report  - Demonstration of the 
feasibility of the tests, the physical analysis, and 
the numerical simulation according to the 
preexisting methodology based on material 
samples provided by the partners within CS2 LPA 
IADP 

R 03/2017 

D03 Validation of concept - Demonstration of the 
feasibility of the concepts developed for expanding 
the methodology towards including the effects of 
HCF, temperature and humidity 

R 06/2017 

D04 

Temperature and humidity expansion  - 
Methodology enhancement with respect to self 
heating and moisture effects is developed and 
validated 

R 12/2017 

D05 HCF expansion - Demonstration of the feasibility of 
the concepts developed for expanding the 
methodology towards including the effects of HCF, 
temperature and humidity 

R 06/2018 

D06 

Final report 

R 12/2018 

 

 

Milestones (when appropriate) 

Ref. No. Title - Description Type Due Date 

M01 Sound source and amplification ς Setup of sound 
source and amplifier @ IBP Stuttgart HW 

03/2017 

M02 Methodology enhancement with respect to 
temperature and humidity (developed and 
validated ) 

R 12/2017 

M03 Methodology enhancement with respect to HCF 
effects (developed and validated) 

R 06/2018 
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4. Special skills, Capabilities, Certification expected from the Applicant(s) 

 

Á The applicant should have a strong background in mechanics and characterization of composite materials. 

Á The applicant must have a rich experience in numerical simulations of advanced materials, nonlinear finite 

element analyses, fracture mechanics and damage mechanics. 

Á The applicant must have all means in hand to satisfy the abovementioned requirements. Specifically, the 

applicant must have: 

 a material characterization lab with sample preparation workshop, universal and DMA testing 

equipment for all test modes mentioned in the task description featuring temperature chambers (-

55°C to 200°C) providing for moisture control (up to 85%r.h.) and in-situ optical inspection 

 a lab for comprehensive physical failure and material analyses (complete set of materialographic 

tools and microscopes: e.g., optical, ultrasonic, X-Ray, SEM with EDX etc.), for non-destructive 

techniques as well as DIC deformation measurement 

 tools and methods for in-situ contact-less multi-axial strain measurement by digital image 

correlation 

 all hardware and software tools for 3-D numerical simulation by techniques including FEM and X-

FEM that allow automatic process control based on the full set of statistical and stochastic routines 

(for parameter identification, sensitivity analysis, robustness analysis, optimization etc.) 
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II. Manufacturing of prototype elements for hybridation of titanium and epoxy resin - 

Characterisation of the Titanium TiCP40 - CFRP adhesive joint 

 

 

Type of action (RIA or IA) RIA 

Programme Area LPA 

Joint Technical Programme (JTP) Ref. WP1.4 

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ тлл ƪϵ 

Duration of the action (in Months) 24 months Indicative 
Start Date2 

Q1 2017 

 

 

Identification Title  

JTI-CS2-2016-CFP03-LPA-01-13 Manufacturing of prototype elements for hybridation of titanium 
and epoxy resin - Characterisation of the Titanium TiCP40 - CFRP 
adhesive joint 

Short description (3 lines) 

The objective of this call for proposal is the manufacturing, development and experimental testing for 

the characterisation of interlaminar adhesive properties between the titanium-composite joint of the 

HLFC (hybrid laminar flow control) system. 

 

  

                                                           
2
 The start date corresponds to actual start date with all legal documents in place. 
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1. Background 
 

The tendency of aeronautical industry speeds up toward laminar-flow technology or active hybrid laminar flow 

control (HLFC), where suction of small amount of air throughout aircraft extrados surfaces. The technique has 

the potential of considerable drag reduction and consequently saving fuel consumption. It is expected that 

HLFC technique can reduce the fuel consumed by 30 per cent of the current consumption for transport 

aircraft. 

 

 The applicant will deal with the design and integration of a prototype HLFC system for test and validation. The 

design introduces an advanced HLFC concept, incorporating a perforated titanium cover to the composite 

Leading edge. The laminar flow at the profile is maintained by a suction integrated in the system. The diagram 

below illustrates the concept. 

 

 
 

 
 

The titanium cover (very thin layer,TBC) and the composite leading edge are joined through an adhesive 

bound. This area is considered critical and failure of this union must be investigated for certification. In 

addition, characterisation of the test adhesive properties is needed for later on numerical simulation 

purposes. 

Inner RTM  
Outer Titanium  
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The call for proposal is broken down into several tasks: 

¶ Specimen Manufacturing 

¶ Static/Quasi-static experimental testing 

¶ Medium/High strain rate (dynamic) experimental testing 

¶ Fatigue experimental testing 

 
 
2. Scope of work  

 

Tasks 

Ref. No. Title ς Description Due Date 

T0 Global test plan document which cover all test  T0+M3 

T01 Test specimen manufacturing and machining to test dimensions T0+M6 

T02 Static test and characterisation M12 

T03 Dynamic test and characterisation M15 

T04 Fatigue test and characterisation M24 

 

The objective of this project is the manufacturing, development and experimental testing for the 

characterisation of interlaminar adhesive properties between the titanium-composite union of the HLFC 

system. 

T01- Test specimen manufacturing and machining to test dimensions. The composite CFRP of the design 

concept is manufactured using carbon fabric by means of RTM Out of Autoclave (OoA) process. 

The applicant must provide at least 3 types of union technology for the joint between CFRP and titanium 

sheet. These Coupons will be manufactured and cut to testable sizes. The applicant must provide a sufficient 

amount of test specimen for the testing process (5 specimens per test for each type of union technology) 

T02- Static experimental test and characterisation. The static experimental tests are carried out under quasi-

static loading conditions. Tests results shall provide a comprehensive characterisation of the adhesive material 

properties for its respective tested modes. The tested modes are described as follows: 
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Mode 1. DCB test. Mode 2. ENF test Combined. MMB test 

The tests to be considered under different environmental hot/wet (HW) conditions of 70 ºC and -55 ºC. Test 

standard definitions are provided in the table below. 

 
Experimental test Test Name Standard Numbering Output result 

Static Interlaminar 
Toughness 

Mode I Fracture Energy AITM 1.0005 G1c 

Mode II Fracture Energy protocol ESIS-TC4-2008 G2c 

Mixed Mode Fracture Energies ASTM D 6671/D 6671M-03 
G2/(G1c+G2c) at 
B= 0.25, 0.5 and 0.75 

T03- Dynamic experimental test and characterisation. The dynamic experimental tests are carried out under 

medium/high strain rate of 2 velocities. Characterisation of the adhesive material properties shall be obtained 

from the tested modes. These are the same modes described in the static experimental test 

(T02).Environmental Hot/ wet and temperature conditions must be considered for 70 ºC and -55 ºC. The test 

standard definitions are described as follows: 

 
Experimental test Test Name Standard Numbering Output result 

Dynamic 
Interlaminar 
Toughness 

Mode I Fracture Energy Speed 
1 and 2 

Same tooling different load 
introduction speeds 

G1c shape variation 
from Static to Dynamic 

Mode II Fracture Energy Speed 
1 and 2 

Same tooling different load 
introduction speeds 

G2c shape variation 
from Static to Dynamic 

Mixed Mode Fracture Energies 
Speed 1 and 2 

Same tooling different load 
introduction speeds 

G2/(G1c+G2c) at B= 
0.25, 0.5 and 0.75 at 
speed 1 and 2 

The physical analysis will include destructive and non-destructive techniques providing thorough information 

on the microstructure of the specimens at all stages of the tests. 

T04- Fatigue experimental test and characterisation. Testing of the specimen is carried out under cyclic 

loading. The testing will focus on destructive and non-destructive techniques providing specimens inspections 

at all stages of the tests. Defects will be introduced in the specimen prior testing. Tests must consider 

Environmental HW conditions for 70ªC and 55 ºC. Fatigue testing will be separated into 2 stages: 

1. Coupon tests ςSpecimens manufactured from T01 will be tested under different fatigue loads. Fatigue 
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fracture toughness and delamination characterization tests have to be developed for double 

cantilever beam (DCB) mode I loading, end-notch fixture (ENF) for mode II loading and mixed-mode 

bending (MMB) tests. The objective is to determine the SN curves of the union, onset and crack 

growth rate of the specimens have to be determined. 

 

 

 
 

Mode 1. DCB test. Mode 2. ENF test Combined. MMB test 

 

2. Validation test- A bigger size validation specimen will be manufactured and tested under cyclic fatigue 

and considering the chosen manufacturing process. The load cases will be defined in the negotiation 

phase and the number of cycles for the test will be defined later (typically 50000 cycles). The diagram 

below show the schematic representation of the specimen that will be used for the fatigue validation 

phase. The applicant will provide all tooling (design and manufacturing) necessary for performing the 

test 

 

 

Note: all tools (design and manufacturing) as well as the required materials necessary to carry out the 

mentioned tests: static, dynamic and fatigue test will be responsibility of the applicant. 
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3. Major deliverables/ Milestones and schedule (estimate) 

 

Deliverables 

Ref. No. Title - Description Type Due Date 

D01 Test plan definition R T0+M3 

D02 Static test results R M12 

D03 Dynamic test results R M15 

D04 Fatigue test results R M18 

 

Milestones (when appropriate) 

Ref. No. Title - Description Type Due Date 

M01 Test plan approval R T0+M3 

D02 Static test results review R M12 

D03 Dynamic test results review R M15 

D04 Fatigue test results review R M18 

 

The proposed delivery schedule might be adjusted to fit in an activity plan of 24 months instead of 18 months. 

Any proposal demonstrating the capability to perform the work in a shorter duration (18 months) with a low 

level of risk will be positively considered. 

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

 

¶ The applicants should have a strong knowledge and experience in mechanics and characterization of 

composite materials. 

¶ Specifically, the applicant must have: 

o A material characterization lab with sample preparation workshop, universal and DMA 

(Dynamic Mechanical Analysis) testing equipment for all test modes mentioned in the task 

description featuring temperature chambers (-55°C to 70°C) providing for moisture control (up 

to 85%r.h.) and in-situ optical inspection. 

o Testing equipment suitable for cyclic fatigue tests. HCF (High Cycle Fatigue) testing will be 

considered an add-on. 

o Tools and methods for destructive and non-destructive inspection. 

o Tools and methods for in-situ contact-less multi-axial strain measurement by digital image 

correlation. 

o The applicant must demonstrate experience on pre-treatment procedure of the Titanium 

surface before bonding in order to  ensure a long term stability under exposed conditions 

(hot/wet), etc.  
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III. Automated injection RTM system process based in innovative sensor technologies in a low 

cost smart manufacturing tooling prototype and any tooling involved in the manufacture or 

the validation of the structure 

 

Type of action (RIA or IA) IA 

Programme Area  LPA 

Joint Technical Programme (JTP) Ref. WP 1.4  

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ 1000 kϵ 

Duration of the action (in Months) 24 months Indicative 
Start Date3 

Q1 2017 

 

Identification Title  

JTI-CS2-2016-CFP03-LPA-
01-14 

Automated injection RTM system process based in innovative sensor 
technologies in a low cost smart manufacturing tooling prototype and 
any tooling involved in the manufacture or the validation of the 
structure 

Short description (3 lines) 

The aim is to develop, design and manufacture, all the prototype subcomponent manufacturing and 
trial tooling involved in the development of the HLFC leading edge.The development of this tooling 
should be innovative in order to implement the best performances in: 
Á Low Cost/ Natural Materials employed in the tooling manufactured 
Á Eco-design for of the tooling manufactured  
Á Energy savings during the manufacture processes of the future parts, for example by 

implementation of a  more efficient heating system 
Á Manufacturing processes simplification in order to reduce to improve the repetitiveness of 

the process 
Á Production time savings to reduce the cost and production lead times 

Always ensuring that each one of the single parts manufactured with the prototype tooling fit with 
the Aeronautical quality standards. 
 

 

  

                                                           
3
 The start date corresponds to actual start date with all legal documents in place. 
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1. Background 

 

The objective of this topic is to design and manufacture the RTM tooling to manufacture a leading edge that 

includes a HLFC system. The scope of the proposal includes the manufacturing of the RTM mould and any 

other tooling needed to manufacture the prototype or to validate the process or the structure. 

 
Figure 1: Example of structures of interest, 

 in this particular case the structure will be the LE of the Horizontal Tail Plane (HTP) 

 

2. Scope of work  

 

The conceptual and the preliminary design will be provided to the Partner by the Core Partner (CoP). In 

general, the conceptual design of every component will be defined within the frame of the LPA by one of the 

Core Partner (CoP) while the detailed design and manufacturing will be done by the Partner with the 

concurrence of the CoP.  

The final requirements and features needed for the Prototype Manufacturing tooling and any other tooling 

will be provided by CoP in accordance with the Airframer at the beginning of the project. 

The manufacturing tooling should include: 

¶ A self-regulating temperature  system with embedded and advanced sensors to monitor the 

temperature at all times 

¶ Reduce overall energy consumption by optimizing the cycle and the heating strategy. 

¶ Surface Quality IAW the standards of the Aeronautic Industry. 

¶ Manufactured employing low cost materials. 

¶ Since the part might include metallic components, the tooling should take into account the different 

CTE that the part might present. 
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¶ The tool will include several independent modules which should be designed to allow their extraction 

and ensure a secure demoulding process. 

¶ Any tooling needed for the defined manufacturing process apart from the RTM tooling. 

¶ Any tooling need to validate the defined process or to validate the materials defined. 

 

The final objective of this topic is to manufacture the needed tooling to manufacture the HTP Leading edge 

structure modified to include a HLFC system, employing liquid resin injection processes, in particular RTM to 

produce the mentioned part. The resulting structure shall comply with the actual regulation of the aerospace 

sector, in particular regarding geometrical tolerances and defects. 

In order to provide a reliable and repetitive process, studies regarding the possibility to automate both the 

manufacturing and positioning of the perform (dry fiber stacking after a forming and consolidation process) 

and also the injection process would be desirable and valued. This may include the initial design of some kind 

of robot or automatic system to perform the task. 

 

The CoP will support the Partner with the following tasks: 

¶ Concurrent engineering with the CoP to reach the detail design level, 

¶ Tradeoff for material selection, process automatization, heating and thermal control systems and 

integration of different materials, 

¶ Defining the manufacturing process for the tooling, 

¶ Manufacture of the tooling, 

¶ Validation process according with aeronautical standards, 

¶ Delivery of the prototype tooling to the CoP facilities. 

 

3. Major deliverables/ Milestones and schedule (estimate) 

 

Deliverables  

Ref. No. Title - Description Type Due Date 

D1 

Tradeoffs report: 

- Materials 

- Systems 

- Integration 

Report To+9 

D2 Manufacturing process definition Report To+12 

D3 Manufacturing tooling report Report To+18 

D4 Manufacturing and validation tooling Report To+21 

D5 Final report: Conclusions and lesson learned Report To+24 
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Milestones (when appropriate) 

Ref. No. Title - Description Type Due Date 

M1 Material tradeoffs Report To+9 

M2 Manufacturing process defined Report To+12 

M3 Prototype tooling manufactured Hardware To+18 

M4 Prototype tooling validated Report To+21 

M5 Prototype tooling delivered Delivery To+22 

 

 

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

 

Á Experience in design and manufacturing of manufacturing tooling for structures in conventional 

composite materials and innovative metallic components (M). 

Á Design and analysis tools of the aeronautical industry 

Á Experience in management, coordination and development technological (Aeronautical) programs. (M). 

Á Proved experience in collaborating with reference aeronautical companies with industrial air vehicle 

developments. 

Á Participation in international R&T projects cooperating with industrial partners, institutions, technology 

centres, universities and OEMs (Original Equipment Manufacturer). (A) 

Á Quality System international standards (i.e. EN 9100:2009/ ISO 9001:2008/ ISO 14001:2004). (M) 

Á /ŀǇŀŎƛǘȅ ǘƻ ǊŜǇŀƛǊ ƻǊ ƳƻŘƛŦȅ άƛƴπǎƘƻǇέ ǘƘŜ ǇǊototype manufacturing tooling for components due to 

manufacturing deviations. (A). 

Á Qualification as strategic supplier of manufacturing tooling on aeronautical elements. (A). 

Á 9ȄǇŜǊƛŜƴŎŜ ŀƴŘ ƪƴƻǿπƘƻǿ ǿƛǘƘ ǘƻƻƭƛƴƎ ŦƻǊ hƻ! ¢ŜŎƘƴƻƭƻƎƛŜǎΣ w¢a ƛƴ ǇŀǊǘƛŎǳƭŀǊ 

Á ExpeǊƛŜƴŎŜ ŀƴŘ ƪƴƻǿπƘƻǿ ǿƛǘƘ ǘƻƻƭƛƴƎ ŦƻǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƳŜǘŀƭƭƛŎ ŎƻƳǇƻƴŜƴǘǎΦ όaύ 

Á Into the eco design field, the Partner shall have the capability to monitor and decrease the use of 

hazardous substances regarding REACH regulation (M). 

Á The above mentioned requireƳŜƴǘǎ ǿƛƭƭ ōŜ ŦƛȄŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭǎ ŘǳǊƛƴƎ ǘƘŜ ǇŀǊǘƴŜǊ ŀƎǊŜŜƳŜƴǘ ǇƘŀǎŜπ

bŜƎƻǘƛŀǘƛƻƴ tƘŀǎŜΦ ¢Ƙƛǎ ǿƛƭƭ ŀƭǎƻ ƛƴŎƭǳŘŜ ǘƘŜ LtπǇǊƻŎŜǎǎΦ 

 

(M) ς Mandatory; (A) ς Appreciated  
 

 
 

 

 
 



 

 

 
 

CfP03 Call Text (preliminary version)  23 

 

IV. High Fidelity time-accurate CFD Simulations 

 

 

 

 

 

 

 

 

 

 

 
 

 

  

                                                           
4
 The start date corresponds to actual start date with all legal documents in place. 

Type of action (RIA or IA) RIA 

Programme Area  LPA Platform 1  

Joint Technical Programme (JTP) Ref. WP1.5 

Indicative Funding Topic ±ŀƭǳŜ όƛƴ ƪϵύ 30л ƪϵ 

Duration of the action (in Months) 24 months Indicative Start 
Date4 

Q1 2017 

Identification Title  

JTI-CS2-2016-CFP03-LPA-01-15 High Fidelity time-accurate CFD Simulations 

Short description (3 lines) 

The framework is given by applying pulsed air blowing with Zero Net Mas Flux (ZNMF) to control the 

flow separation at the engine/pylon junction. For this application the objective of the partner is to 

determine the optimal flow control actuation parameters. These parameters presume a deep insight 

into the partially unknown flow phenomena of interacting shear layers and vortices to be obtained 

with high fidelity time-accurate numerical simulations for provided relevant configurations and under 

relevant conditions.   
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1. Background 

 

The desire for more ecologic and more economic turbofan engines in civil aviation leads to increasing 

ά.ȅǇŀǎǎ wŀǘƛƻǎέ ό.twύ ŀƴŘ ƭƻǿŜǊ άCŀƴ tǊŜǎǎǳǊŜ wŀǘƛƻǎέ όCtwύ. 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 when novel 

aircraft configurations are considered, featuring highly integrated Ultra High Bypass Ratio (UHBR) engines. 

  

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 ecologic UHBR engines, slat-cut-outs will likely become larger and the 

problem will even become worse. 

 

To remedy this problem Active Flow Control (AFC) based on pulsed air blowing with Zero Net Mass Flux 

(ZNMF) is applied at the engine-wing junction either at wing leading edge or at the engine pylon. The flow 

control actuators use a piezoelectric-based transducer to generate air jets. These air jets interact with the 

outer flow to alleviate or suppress flow separation downstream. It seems obvious to design the actuator 

hardware a clear view must be obtained on the dedicated flow phenomena. These are characterized by the 

actuator jets driven by the actuation parameters and the interaction of the jets with the outer flow being 

crucial for the effectiveness of flow separation reduction. The necessary insights are to be given by this topic 

based on high-fidelity numerical simulations.  
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2. Scope of work  

 

The scope is to perform high-fidelity numerical simulations that help to understand the underlying flow 

phenomena and to deliver the aerodynamically optimal actuation parameters to the hardware developers.  

As input, the existing consortium will provide a geometry configuration consisting of the fuselage, wing, 

slats/flaps, engine-pylon and through-flow nacelle (TFN) to the partner. The geometry is in line with a 

geometry tested in a later wind tunnel test. Similarly, the wind tunnel test conditions like the Reynolds 

number (>6 Mio with respect to the mean aerodynamic chord of the wing), Mach number (>0.15) and initial 

flow control actuation parameters will be given to the partner.  

The partner creates the computational grids and carries out the necessary grid convergence studies with and 

without flow control. After finalizing the numerical setup incl. turbulence models, time integration etc. the 

partner will carry out a parameter variation within time-accurate simulations. Please note that actuation 

frequencies are up to 1 kHz (in special cases up to 2 kHz) so the applicant should avail of the necessary high 

performance computing resources. Parameter variation comprehends actuator arrangement (single-lane or 

multi-grid), actuator position, actuation frequency, actuation jet velocities and actuation angles.  

The expected output is to deliver the set of optimal parameters to enable the design of the necessary 

hardware for giving the physical proof of concept in a wind tunnel test with a fully realistic configuration 

under realistic flow conditions.  

 

The activities to be performed within the project shall include the following task table. 

 

Tasks 

Ref. No. Title ς Description Due Date 

T1 Grid generation and grid convergence studies M3  

T2 
Analysis of three different actuation location incl. single lane 

and multigrid actuation 
M12 

T3 
Analysis of momentum coefficient at preferred actuation 

location 
M16 

T4 Analysis of outlet geometry at preferred actuation location M19 

T5 
Analysis of actuation frequency incl. amplitude modulation at  

preferred actuation location  
M22 

T6 Synthesis of recommended actuation parameters M24 

 

Task 1 Grid generation and grid convergence studies  

The partner will receive the geometry configuration incl. the actuator geometry from the existing 

consortium. The geometry must be cleared of potential defects coming into play depending on the mesh 

generation method that is applied. The task includes the grid generation and grid convergence analysis for 

time resolved numerical simulations with and without flow control based on the provided initial actuation 
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parameters.  A final setup of the numerical method comprehends a selection of the turbulence model, 

boundary conditions etc. Afterwards the partner has to simulate the lift polar of the given configuration until 

the post-stall region.  

 

Tasks 2- Task5: include the different studies that shall be performed to understand the impact of massless 

actuation on the flow in the relevant areas:  

 

- Analysis of three different actuation locations incl. single lane and multigrid actuation: First, three 

different actuations shall be analyzed in order to define the most appropriate location for actuator 

momentum, velocity and frequency variation. Single lane and multigrid actuation should be covered.  

- Analysis of momentum coefficient at preferred actuation location: Second, different actuator 

parameters shall be varied in order to analyze their impact on the flow phenomena and to 

understand the effect of changing parameters. 

- Analysis of actuation frequency incl. amplitude modulation at  preferred actuation location: Third, 

beside the change of the frequency, also a modulation (amplitude modulation at  preferred 

actuation location) of the actuation signal shall be performed to analyze and understand the effect 

of modulation and to evaluate the potential of reduction of power consumption by changing the 

duty cycle of massless actuation 

All these studies shall be performed, analyzed and discussed in order to prepare task 6.  

 

In Task 6, based on the performed studies, synthesis shall be performed to recommend optimal actuator 

parameters for the development, installation and operation of the ZNMF actuators.  

 

3. Major deliverables/ Milestones and schedule (estimate) 

 

Major deliverables and milestones are summarized on the following tables: 

 

Deliverables  

Ref. No. Title - Description Type Due Date 

Del.1 Report on numerical setup of AFC studies 
(incl. grid convergence etc.) 

Report M3 

Del.2 Report on analysis of different actuation 
location 

Report M12 

Del.3 Report on analysis of momentum coefficient Report M16 

Del.4 Report on analysis of outlet geometry Report M19 

Del.5 Report on analysis of actuation frequency 
incl. amplitude modulation 

Report M22 

Del.6 Synthesis of recommended actuation 
parameters 

Report M24 

 

 



 

 

 
 

CfP03 Call Text (preliminary version)  27 

 

Milestones  

Ref. No. Title ς Description Due Date 

M1 Mesh available and converged M3 

M2 CFD data available for synthesis M22 

M3 
Synthesis of actuation parameters for Synthetic Jet 
Actuators 

M24 

 

 

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

 

V The applicant should have sound expertise in the area of unsteady CFD 

V The applicant should have expertise in the area of active flow control 

V The applicant should have HPC resources available or access to it 

V The applicant should have Numerical tools for time resolved analysis available that can be used in 

highly parallelized computations suitable to realize the unsteady simulations with sufficient time 

resolution. Numerical solver should be able to run on the number of cores required for such a time-

resolved simulation 

V The applicant should have the necessary post-processing and visualization tools 
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V. Aerodynamic Isolated and Installed Methods for UHBR Adaptable Area Nozzles 

 

Type of action (RIA or IA) IA 

Programme Area  LPA Platform 1 

Joint Technical Programme (JTP) Ref. WP1.5 

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ 1100 kϵ 

Duration of the action (in Months) 36 months Indicative 
Start Date5 

Q1 2017 

 

  

Identification Title  

JTI-CS2-2016-CFP03-LPA-01-16 Aerodynamic Isolated and Installed Methods for UHBR Adaptable 

Area Nozzles  

Short description (3 lines) 

The aim of the project is to experimentally evaluate the performance and installation effects of Ultra 

High Bypass Ratio (UHBR) engines with Adaptable Area Nozzles (AAN). First, the effect on powerplant 

performance will be assessed for isolated configurations. The analysis of the isolated configuration 

will support the sizing of adaptable nozzles of different concepts. In a second step, the effect on 

powerplant performance will be assessed for installed configurations. The analysis of the installed 

configuration will show the effect of the mounting system and wing on the powerplant performance. 

The effect of the engine jet interactions with the airframe will be studied. 

 

 

  

                                                           
5
 The start date corresponds to actual start date with all legal documents in place. 



 

 

 
 

CfP03 Call Text (preliminary version)  29 

 

1. Background 

 

Reducing the fuel burn of commercial aircraft is a major factor in the development of aircraft engines. In the 

quest for reducing thrust specific fuel consumption, the mass flow rate of fuel burned per unit thrust of an 

aircraft engine, designs are trending towards higher bypass ratios. This increase in bypass ratio necessitates 

a decrease in the fan pressure ratio. Low fan pressure ratio engines may require variable flow-path geometry 

to account for an operating disparity between the fan flow conditions at different speeds. The fan and 

compressors in general, usually operate on an operating line or working line which is separated from the 

surge line by a safety margin, referred to as the surge margin. As the fan pressure ratio decreases, the surge 

margin becomes of greater concern due to the lower airflow velocities experienced by the fan. This problem 

can be combated by employing a variable nozzle to maintain the surge margin at a given operating 

condition. An Adaptable Area Nozzle (AAN) optimizes the area of the exhaust nozzle across the flight 

regime6.  

Adapting the exhaust nozzle during the flight envelope reduces the risk of fan fluttering i.e. by opening the 

effective area during take-off, while at cruise flight conditions the nozzle exhaust area can be set to the 

optimized design point. The engine stability is improved; nevertheless, the powerplant performance might 

be affected by the change of the aero lines to allow for variable nozzle. Depending on the Adaptable Area 

Nozzle concept, the use of such technologies could lead to aerodynamic penalties which should be analysed. 

Understanding of aerodynamic effects back onto the engine performance especially effects which could be 

ǎŜŜƴ ōȅ ǘƘŜ Ŧŀƴ ǎȅǎǘŜƳ ǿƛƭƭ ōŜ ŜǎǎŜƴǘƛŀƭ ǘƻ ƛƴŎƻǊǇƻǊŀǘƛƴƎ !!bΩǎ ƻƴ ǘƘŜ ŜƴƎƛƴŜ in future products. 

 

The aim of the project is to evaluate the aerodynamic performance of Ultra High Bypass Ratio powerplants 

with Adaptable Area Nozzles. The analysis of a range of different AAN concepts (expected 2-3 types of AAN) 

will support the verification of methodology for the further development and sizing of AANs required to 

meet engine requirements. The second objective of the project is to assess the effect of the installation on 

the engine performance. The results will support validation of numerical methods for performance 

prediction. The analysis of the isolated and installed adaptable area nozzle concepts will allow: 

- Development & verification of a methodology for AAN sizing and evaluation to TRL 4. 

- A better understanding of the effect of AAN on powerplant performance. 

- A performance prediction of different AAN concepts which can be compared against engine 

requirements. 

- A better understanding of the effect of the wing installation on AAN powerplant performance. 

- Assess the interaction of the engine jet with the mounting system and wing/high-lift devices. 

- To develop a best practice guide for the evaluation of AAN installation effects on aerodynamic 

powerplant and wing performance. 

 

                                                           
6 Source: Krishnan, G., Perullo, C.A., Mavris, D., "An Assessment of Relative Technology Benefits of a Variable Pitch Fan 
and Variable Area Nozzle", 49th AIAA Joint Propulsion Conference, July 2013, San Jose California, USA. 
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The main tasks can be described as follows: 

¶ Numerical evaluation of AAN concepts for scaling and Reynolds effects. 

¶ Definition of model (including instrumentation) and test cases for isolated configurations. 

¶ Definition of model (including instrumentation) and test cases for installed configurations. 

¶ Manufacturing of wind tunnel models. 

¶ Wind tunnel test development. 

¶ Analysis of results. 

 
 
2. Scope of work  

 

Evaluation of UHBR engines with AAN and their installation effects.  

 

Tasks 

Ref. No. Title ς Description Due Date 

T1 
Definition of models and test specifications for isolated and 

installed configurations 
T0+6 months 

T2 Construction of wind tunnel models T0+18 months 

T3 Wind tunnel testing T0+28 months 

T4 Analysis of results T0+36 months 

 

Task 1 

Based on selected candidate models (provided by Rolls-Royce), an analysis of the candidates should be 

performed to extract Reynolds and scaling effects which should support the definition of the model to be 

tested. This task covers the analysis and definition of construction constrains for the manufacture of the 

model. The expected scaling range of the models is for the isolated case, models considered between 1:10 to 

1:16 scaled, for the installed case to have scaling factors of 1:25. 

¶ Reynolds effect evaluation 

¶ Scaling effect evaluation 

¶ Definition of instrumentation for measurements 

¶ Definition of model construction constrains 

¶ Model AAN Drawings 

¶ Model Wing definition for installed cases ς Assumed concept/definition to be supplied externally 
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Task 2 

This task relates to the development of the models according to previous task results. 

¶ Manufacturing of isolated models 

¶ Instrumentation of models 

¶ Adaptation of models for wing installation 

Task 3 

¶ Wind tunnel test campaign 

¶ Testing of isolated AAN to analyse effect on powerplant performance 

¶ Testing of installed AAN to extract installation effects 

Task 4 

The results should be post-processed and evaluated. 

¶ Post-processing of data 

¶ Detailed analysis of results 

 
 

3. Major deliverables/ Milestones and schedule (estimate) 

 
Deliverables 

Ref. No. Title ς Description Type Due Date 

D1 Work plan description on all tasks. (Tasks 1+4)  Document T0+1 months 

D2 
Definition of isolated and installed models for 

construction (Task 1) 

Report, 

CAD 

drawings 

T0+6 months 

D3 Definition of test cases (Task1) Report T0+8 months 

D4 Models available for  wind tunnel tests (Task 2) 
WTT 

Models 

T0+18 months 

D5 Wind tunnel test data Data T0+28 months 

D6 Report of wind tunnel test results(Task 3+4) 
Report, 

Data 

T0+36 months 
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Milestones 

Ref. No. Title ς Description Type Due Date 

M1 Work plan agreed (D1) Review T0+1 months 

M2 Model defintion for manufacturing (D2) Review T0+6 months 

M3 Isolated models ready for tests (D4) Review T0+12 months 

M4 Wind tunnel models (isolated and installed) 

manufactured (D4) 

Review T0+18 months 

M5 Wind tunnel tests completed (D5) Review T0+28 months 

M6 Final report (D1-D6) Report T0+36 months 

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

 

This package of work will require expertise in field of experimental aerodynamics of engine nozzle jet flows. 

It is desirable that the Wind Tunnel facilities are capable of dual airflows, with a Mach number range from 

0.1-0.9. The WT facilities should feature the required instrumentation for aerodynamic nozzle performance 

measurements, i.e. Pressure and Temperature Rakes, Thrust Balance, PIV, etc. The accuracy/repeatability for 

Cd and CV should meet industrial requirements. The expected scaling range of the models is for the isolated 

case, models considered between 1:10 to 1:16 scaled, for the installed case to have scaling factors of 1:25.  

 

The applicant shall: 

- substantiate technical knowledge in the domain of proposed tasks 

- demonstrate experience in project participation, international cooperation, project and quality 

management 

- show that knowledge is recognized in the scientific community 

 

It would be necessary to have familiarity with the special skills: 

- general aerodynamic CFD modelling and method development skills  

- found experience in nozzle jet flows /jet flow-flap-interaction  

- expertise in experimental methods for engine jet flows 
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VI. Windtunnel test for flow control at the engine/pylon with a representative aircraft 

configuration under fully realistic flow conditions 

 

Type of action (RIA or IA) RIA 

Programme Area  LPA 

Joint Technical Programme (JTP) Ref. WP 1.5 

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ 8лл ƪϵ 

Duration of the action (in Months) 14 months Indicative 
Start Date7 

Q1 2017 

 

 

Identification Title  

JTI-CS2-2016-CFP03-LPA-
01-17 

Windtunnel test for flow control at the engine/pylon with a 
representative aircraft configuration under fully realistic flow 
conditions 

Short description (3 lines) 

To properly demonstrate the effect of flow control at the engine/pylon wind tunnel tests using a 

realistic detailed 3D model configuration under fully realistic flow conditions in terms of Mach 

number and Reynolds number are crucial.  

The model configuration will comprise a classic and an UltraHighBypass Ratio (UHBR) Turbofan 

nacelle with a cut back of the slats in the region of the pylon/wing, enabling a later translation of the 

flight test results with classic engines to the UHBR configuration.  

The wind tunnel tests shall be done with and w/o flow control, using pulsed jets, synthetic jets and 

steady blowing. 

 

 

  

                                                           
7
 The start date corresponds to actual start date with all legal documents in place. 
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1. Background 

 

The desire for more ecologic and more economic turbofan engines in civil aviation leads to increasing 

ά.ȅǇŀǎǎ wŀǘƛƻǎέ ό.wύ ŀƴŘ ƭƻǿŜǊ άCŀƴ tǊŜǎǎǳǊŜ wŀǘƛƻǎέ όCtwύΦ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ōƻǘƘ ŀǊŜ ƭŀǊƎŜǊ Ŧŀƴ 

ŘƛŀƳŜǘŜǊǎ ŀƭƻƴƎ ǿƛǘƘ ƭŀǊƎŜǊ ŜƴƎƛƴŜ ƴŀŎŜƭƭŜǎΣ ǘȅǇƛŎŀƭ ŦƻǊ ά±ŜǊȅ IƛƎƘ .ȅǇŀǎǎ wŀǘƛƻέ ό±I.wύ ƻǊ ¦I.w 

engines. With increasing nacelle size, such of a VHBR engine, the integration under the wing of 

current conventional aircraft under development is already challenging but becomes even more 

when novel aircraft configurations are considered, featuring highly integrated UHBR engines. 

  

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 a slat-cut-back 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 ecologic UHBR engines, slat-cut-

outs will likely become larger and the problem will even become worse. 

 

To remedy this problem Active Flow Control (AFC) based on steady and pulsed air blowing with and 

w/o net mass flux is applied at the engine-wing junction either at wing leading edge or at the engine 

pylon.  

To reach TRL3, realistic aerodynamic test conditions are required, accepting a simplified presentation 

of the flow control system (thus of the actuators, system installation).  

 

The objective is to modify an exiǎǘƛƴƎ ǿƛƴŘ ǘǳƴƴŜƭ ƳƻŘŜƭ ǘƘŀǘ ƛǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǘƻǇƛŎ ƳŀƴŀƎŜǊΩǎ 

company, integrate flow control actuators into the model and perform wind tunnel tests, including 

measurements and flow visualization. 

All related expertise, experiences and tools expected from the partner are stated in section 5.        
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2. Scope of Work  

 

The studies of the wind tunnel (WT) investigations have to include the following aspects: 

- Modification of existing WT model so that important flow features are represented 

- Installation of the different AFC systems into the WT model 

- Installation of sensors (pressure, temperature) into the WT model 

- WT Testing of AFC technologies for this application, including the use of 3D flow visualization 

- Providing of the whole set of data and analysis of the data for actuator optimization 

 

The following tasks are to be performed by the Partner: 

Tasks 

Ref. No. Title ς Description Due Date 

T1 
Modification of the model, including the integration of the 

actuators (pulsed jets, synthetic jets and steady blowing) 
M9  

T2 WT/T for the different test scenarios (model and actuators) M10 

T3 Data analysis and delivery of the test report M14 

 

Task 1: Modification of the model, including the integration of the actuators (steady blowing¸ 

pulsed and synthetic jets) 

An existing WT model (1:13.6) will be provided by the already existing consortium to the selected 

partner. This WT model shall be modified in order to enable the installation of AFC hardware and 

systems for the test of the actuators. In addition, the measurement and control hardware shall be 

integrated into the wind tunnel model. Actuator inserts will be also delivered from the existing 

consortium. 

 Computer Aided Design (CAD) drawings shall be provided to the CS2 LPA partners in order to ensure 

that space and installation constraints for AFC inserts and systems can be fully considered. The wind 

tunnel model is equipped with a V2500 nacelle (through flow nacelle). The geometrical data for a 

new UHBR nacelle and pylon will be delivered, whereas the manufacturing of the nacelle and pylon 

will be done by the partner. 

In addition the wing has to be modified in such a way to accommodate the actuators and the needed 

pipes and wiring needed for the control and supply of the actuators. This includes also manufacturing 

of new slats with a specified cut back by the existing consortium.   

In terms of AFC systems installations preference is clearly given to easily removable, interchangeable 

inserts for testing and comparing the three technology concepts of flow control with reduced effort. 

Design and installation of inserts will be supported by the CS2 LPA partners in order to be suitable for 

the AFC actuators that will be used for the investigation.  

The selected applicant must account for two different positions of the actuator blowing slot, needed 

to study the influence of the actuator slot position on the effectiveness of the flow control.    
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Table 1: Matrix of model configurations and flow control settings 

Configuration of the model / 

Flow control settings 

V2500 nacelle UHBR nacelle 

w/o flow control 

(incl. variations of the nacelle strake position)   

X x 

Pulsed jet actuators X X 

Synthetic jet actuators X X 

Steady blowing X X 

 

Necessary measurement equipment (steady and unsteady pressure sensors, mini-tufts, oil flow 

visualization, surface streamlines visualization, balance measurements, deformation measurements, 

etc.) shall be provided, set-up and installed. 

 

Task 2: Execution of the tests with different configurations of the nacelle and actuators 

The wind tunnel test will be done with the different configurations, shown in Table1. 

¢ƘŜ ǘŜǎǘ ƳŀǘǊƛȄ ǿƛƭƭ ōŜ ŘŜƭƛǾŜǊŜŘ ōȅ ǘƘŜ ǘƻǇƛŎ ƳŀƴŀƎŜǊΩǎ ŎƻƳǇŀƴȅΦ ¢ƘŜ aŀ ƴǳƳōŜǊ ƻŦ ǘƘŜ ǿind 

tunnel free stream has to be adjusted between 0.1 and 0.3 and the Re number must be higher than 6 

Mio based on the Mean Aerodynamic Chord (MAC) of the model which is 0.3m and freestream 

conditions.  

The test matrix will comprise a variation of the angle of attack, of the Ma number and of the 

velocities of the flow control jets. The Ma number of the jets has to be adjustable between Ma = 0.3 

and 0.9.   

The planned test will include measurements of the overall forces acting on the model (balance 

measurements), as well as pressure distributions on the wing surface. In addition the mass flow of 

the air supply for the flow control actuators will be measured, the pressure and temperature inside 

the ducting and the settling chamber of the actuators.   

The second part of the wind tunnel campaign will consist of 3D flow visualization at the wing upper 

surface using particle image velocimetry (PIV) for a specified number of configurations. The PIV 

technique will be provided by the applicant. This data will be used for an enhanced understanding of 

the mechanism of interaction between the flow control jets and the surrounding flow. 

 

Task 3:  Data analysis and delivery of the test report 

The data of the wind tunnel test are to be analysed and results to be delivered to the consortium. 

This analysis will include overall measurements (balance), pressure measurements on the wing 

surface and data about the flow control characteristics (mass flow, pressures, temperatures).  

A second delivery will be the analysis of the flow visualization task, including 3D information of the 

flow downstream the actuators.  
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3. Major Deliverables/Milestones and Schedule (Estimate) 

 

Deliverables  

Ref. No. Title - Description Type Due Date 

D1 Modified wind tunnel model Report/ Hardware  M9 

D2 Wind tunnel test report (excl. results from PIV 

measurements) 

Report M12 

D3 Wind tunnel test report of PIV measurements Report M14 

 

Milestones  

Ref. No. Title - Description Due Date 

M1 PDR of wind tunnel model modifications  M3 

M2 
CDR of wind tunnel model modifications including the installation of 

measurement equipment. 

M4 

M3 TRR of wind tunnel model modifications M8 

M4 Wind tunnel test completed M10 

 

4. Special Skills, Capabilities, Certification Expected from the Applicant(s) 

  

The applicant must have expertise in the area of wind tunnel model modification and model 

instrumentation. The applicant must have expertise in the area of wind tunnel testing, flow 

measurements, data post processing and flow visualization (tufts). The applicant must be able to 

prepare, conduct and evaluate PIV measurements. 

The wind tunnel facility of the applicant must allow Reynolds number of over 6Mio with respect to 

free stream conditions and the mean aerodynamic chord of the wind tunnel model, which is 0.3m, 

and the wind tunnel facility must ensure a free stream Mach numbers of up to 0.3. Wind tunnel 

blockage defined by frontal area of the wind tunnel model compared to the wind tunnel cross 

section area shall not exceed 1%.  

The applicant shall have a sound R&T background in testing and demonstration of flow control 

techniques in wind tunnel facilities suitable for models of the size mentioned above. The applicant 

must provide at least 20g/s air mass flow for the flow control systems while the pressure ratio 

between the actuator inlet compared to test section static pressure must be greater 8, including the 

needed system infrastructure to feed the actuators with the pressurized air flow. Modelling the 

suction mode of synthetic jet actuators requires a vacuum pump, which has to be provided by the 

applicant. This pump should be able to generate an air mass flow of at least 20g/s with a pressure 

ratio of 1/5 between the pressure in the actuator settling chamber compared to ambient pressure.  

 

The wind tunnel facility shall be available during the testing period.  
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VII. High production rate composite Keel Beam feasibility 

 

Type of action (RIA or IA) IA 

Programme Area  LPA 

Joint Technical Programme (JTP) Ref. WP 2.3.1.2 

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ 6лл ƪϵ 

Duration of the action (in Months) 24 months Indicative 
Start Date8 

Q4 2016 

 

 

Identification Title  

JTI-CS2-2016-CFP03-LPA-
02-08 

High production rate composite Keel Beam feasibility 

Short description (3 lines) 

The keel beam is a highly loaded structural element located in the lower centre fuselage. 

The aim of this call for partner is to conduct a feasibility study to propose a compromise between 

performance and cost taking into account manufacturing needs and constraints (low cost & high 

volume technology), through the use of a composite technology. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
8
 The start date corresponds to actual start date with all legal documents in place. 
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1. Background 

 

In the frame of Large Passenger Aircraft program, the current call for proposal is linked to WP 2.3 

άbŜȄǘ DŜƴŜǊŀǘƛƻƴ [ƻǿŜǊ /ŜƴǘǊŜ CǳǎŜƭŀƎŜέ ŀƴŘ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ ²t нΦоΦм άIƛƎƘ ǇŜǊŦƻǊƳŀƴŎŜ [/C 

ŎƻƳǇƻƴŜƴǘǎέΣ ǿƛǘƘ ǘƘŜ ƻōƧŜŎǘƛǾŜ ǘƻ develop Design to Cost proposals (Figure 2).  

 

 

Figure 2 

The Lower Centre Fuselage is composed of several Work Packages and this topic relates to the High-

Efficient Keel Beam (WP 2.3.1.2). It will deal with airframe engineering and manufacturing domains. 

 

Within the context of Work Package 2.3, the main technical innovation is based on the development 

of a Body Landing Gear.  

 

The project targets an implementation within a new short range aircraft development to be launched 

by Airbus. 

As such, the applicants will have to be very innovative in order to propose technical solutions that 

meet the very challenging requirements coming from both Airbus and the airline: low production 

costs and weight. 

 
Composite materials are preferentially used for unidirectional loaded parts for which the weight 

WP 2 
Platform н αLƴƴƻǾŀǘƛǾŜ 

Physical Integration Cabin 
ς System ς Strucureά 

WP 2.3 
Next Generation Lower 

Center Fuselage 

WP 2.3.1 
High performance LCF 

components 

WP 2.3.1.2 
High efficient Keel Beam 
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benefit over metal is significant.  

The Keel Beam, being a highly loaded part in compression, is one of them and the associated benefits 

have already been proven on long range aircrafts such as A340 and A350.  

However the cost of composite structures is very high compared to the traditional metallic concepts.  

 

The objective of this study is to propose a composite keel beam scenario, for a short range aircraft.  

The competitiveness of the solution is of paramount importance as the applicant is expected to 

demonstrate that its approach will significantly reduce manufacturing costs compared to actual 

composite technologies and be ideally comparative to metal ones. 

The applicant must also demonstrate that the proposed manufacturing and assembly processes 

enable a production rate over 50 aircrafts a month, with a good robustness, aiming at a very high 

ramp-up (150A/C the first year).  

 
 

2. Scope of work 

 
The keel beam is a major component of the lower part of the centre fuselage (figure 2), mainly 
loaded in compression. On short range aircraft such as A320, this component has to sustain 
approximately 200tons. Its length is around 6 meters (figure 3). 
 
 

 

 

 

 

 
         Figure 2: Keel beam location  

 

 
This component is connected to the rest of the aircraft in 3 locations:  
 

- to rear fuselage at the rear pressure bulkhead 

- to forward fuselage at the front pressure bulkhead 

- to the centre wing box lower cover 

 

 

 

 

 

 

     Figure 3: A320 metallic Keel beam 
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Figure 3: Keel-beam interfaces (A320 sketch) 

The innovative Keel Beam solution developed by the partner must take into account these 3 

interfaces. 

 

Project objectives 

 

This project aims at developing a composite keel-beam at an affordable cost for a short range 

aircraft such as A320. 

 

The today reference for such a part is the A350 composite keel beam (A340 KB being different in 

terms of architecture and interfaces).   

The concept relies in 4 panels assembly (see figure 5), manufactured with thermoset prepreg 

materials using well known technologies such as automated lay-up and autoclave curing cycle. The 

lower and upper covers have composite stringers and the internal ribs are bolted to the panels. 

 

 
Figure 4: General cross-section assembly concept (rib not represented) 

 

Considering a potential adaptation to A320 environment, the downscaling exercise of A350 keel 

beam was already performed by Airbus (cross-section, length) and assessed in terms of manufacture 
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and assembly. The results show that the price of the keel beam is very high, and not competitive 

versus metal. 

In fact the process for these 4 panels, including rib integration, is very time consuming and therefore 

very expensive. 

Assembly represents most of the manufacturing price of the component. 

 

With the present technologies and processes, high production rates are not achievable.  

If we want to take full benefit of the composite properties for the future aircraft development, we 

need to focus on assembly time reduction through innovative concepts and technologies such as 

ǘƘŜǊƳƻǇƭŀǎǘƛŎ ǿŜƭŘƛƴƎΣ Ǌƛō ŀƴŘ ǎǘǊƛƴƎŜǊ ƛƴǘŜƎǊŀǘƛƻƴ όƻƴŜ ǎƘƻǘ ŎƻƴŎŜǇǘǎΣ ŜȄǘǊǳǎƛƻƴΧύ ŀƴŘ ƻǘƘŜǊǎΦ 

 

At the end, the innovative proposal will lead to low manufacturing and assembly costs together with 

a reduction of the operating costs for the airline (weight reductions). 

 

!ǇǇƭƛŎŀƴǘΩǎ Ƴƛǎǎƛƻƴ 
 

Concept Phase: 

The applicant will be responsible of the selection of the composite material and the design 

associated. An innovative solution must be proposed taking into account the high mechanical loading 

of the component and the strong requirements in terms of assembly time.  

The KB architecture may also be changed in order to take full benefit of the technology and process 

ŎƘƻƛŎŜǎ όƴǳƳōŜǊ ŀƴŘ ǎƘŀǇŜ ƻŦ ǘƘŜ ǊƛōǎΣ ǎǘƛŦŦŜƴƛƴƎ ŎƘƻƛŎŜ Χύ   ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ ƛƴǇǳǘ ŜƴǾŜƭƻǇǎ ŀƴŘ 

interfaces are respected. 

The deliverable will be a final report presenting the design and stress activities (down selection of the 

ŎƻƴŎŜǇǘκǘŜŎƘƴƻΣ ǇǊŜƭƛƳƛƴŀǊȅ ǿŜƛƎƘǘ ŀǎǎŜǎǎƳŜƴǘΧύΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŀ ±ŀƭǳŜ ŀƴŘ wƛǎƪ ǇǊŜǎŜƴǘŀǘƛƻƴΦ 

Manufacturing Phase: 

The manufacturing route is the key aspect for this project. The applicant must indeed demonstrate 

that the process used to manufacture and assemble this part is robust and can be applied to high 

production rate programs (over 50 aircrafts per month) with a Design to Cost philosophy. 

The deliverable will be a report explaining the manufacturing route. RC savings expectations 

compared to the reference (to be further communicated by Airbus) will be presented. 

At least one specimen trial should be manufactured: a small scale cross section assembly or the rib 

integration or any other demonstration judged relevant by the applicant. 

 

Planning  
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The maturity level to reach at the end of those 2 years activity is TRL3 meaning that: 

- Analytical and experimental critical function and/or characteristic proof of concept must 

be demonstrated 

- At least one feasible solution must be identified and relevant evaluations against the 

reference must be provided 

 

Tasks  

Ref. No. Title ς Description Due Date 

T 1 Management and coordination M0 

T 2 
Detailed planning for Engineering and Manufacturing activities 
with risks associated 

M0 + 3M 

T 3 Concept phase M0 +12M 

T 4 Demonstration phase M0 + 24M 

T 5 Manufacturing route M0 + 24M 

T 6 Value and Risk analysis M0 + 24M 

 

 

3. Major deliverables/ Milestones and schedule (estimate) 

Deliverables  

Ref. No. Title - Description Type Due Date 

D 1 Detailed planning for Engineering and Manufacturing 
activities with risks associated 

Report M0 + 3M 

D 2 TRL2 maturity Report M0 + 12M 

D 3 Demonstration phase 
Feasibility study, report 

Report, 
CAT Parts 

M0 + 24M 

D 4 Manufacturing route Report M0 + 24M 

D 5 TRL3 maturity 
Value and Risk analysis 

Report M0 + 24M 

 

Milestones (when appropriate) 

Ref. No. Title - Description Type Due Date 

M 1 TRL 2 Technology review M0 + 12M 

M 2 TRL 3 Technology review M0 + 24M 
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4. Special skills, Capabilities, Certification expected from the Applicant(s) 

 

Mandatory skills: 

- Knowledge of aeronautical environment 

- Recognized skills in aircraft component Design 

- Recognized skills in aircraft component Static Stress 

- Recognized experience in development of Aircraft composite parts 

- Recognized knowledge and experience in Manufacturing  and Assembly of composite 
parts 

 

Mandatory capability 

- CAD Software : CATIA 

- Numerical simulation Software 

- Manufacturing facilities and equipment 
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VIII. Structural energy storage and power generation functionalities in multifunctional 

composite structures 

 

Type of action (RIA or IA) RIA 

Programme Area  LPA [Platform 2] 

Joint Technical Programme (JTP) Ref. WP 2.1.2  

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ 113л ƪϵ 

Duration of the action (in Months) 36 months Indicative 
Start Date9 

Q1 2017 

 

Identification Title  

JTI-CS2-2016-CFP03-LPA-
02-11 

Structural energy storage and power generation functionalities in 

multifunctional composite structures 

Short description (3 lines) 

Development of structural energy storage and power generation technologies in the frame of the 

multifunctional fuselage. The volume of energy storage needed is increasing with every new aircraft 

programme. Using the aircraft structure materials for those additional functions is a key contributor 

for reducing the weight and cost penalties and could be an enabler for new aircraft architectures. 

 

 

  

                                                           
9
 The start date corresponds to actual start date with all legal documents in place. 
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1. Background 

 

The approach of the Innovative Physical Integration Cabin-System-Structure Platform 2 is to provide 

the frame for large-scale complex demonstration, as a segmented feature demonstrator or at full size 

for validation and testing on the ground. The target is to validate high potential combinations of 

airframe structures using advanced materials and applying innovative design principles in 

combination with the most advanced electrical system architecture in combination with the next 

generation cabin. The driver of this approach is to attain up to a double digit fuel burn reduction by 

substantially reducing the use of secondary energy, applying low weight systems and system 

architecture/integration and to be able to cash in weight potentials in the structural design of the 

fuselage and the connected airframe structure. 

Platform 2 is organized along four work packages in which WP 2.1 is linked to the multi-functional 

fuselage demonstrator, see figure 1. This work package, 2.1.2, is in charge of defining and maturing 

multi-functional concepts and technologies. 

 

 
Figure 1 ς LPA Platform 2 ς άLƴƴƻǾŀǘƛǾŜ tƘȅǎƛŎŀƭ LƴǘŜǊƎŀǊǘƛƻƴ /ŀōƛƴ- System-{ǘǊǳŎǘǳǊŜέ ²ƻǊƪ 

BreakdownStruture 

 

Civil aircraft tends to require increased electrical energy. The replacement of hydraulics by electronic 

systems, increased demands for communication and entertainment reinforce this trend. There is 

additionally a large interest to replace combustion energy within the propulsion system with 

electrical energy, which furthermore reinforces the estimated trend. 
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The future multi-functional fuselage approach will be a way to further optimize overall aircraft 

efficiency. Therefore we are looking for optimizing the electrical power storage by function 

integration. Structure could be part of the game playing both roles such as structural and systems 

functionalities. 

This topic represents the pinnacle of structure-system integration and a true multi-functional 

structure that must be developed by ensuring maintaining structure load carrying capability. We 

expect to be able to use oversized structures in order to offer additional energy storage functionality, 

reducing the combined overall weight and cost impact.  

This necessitates verification of energy storage capabilities of advanced material concepts in 

industrial environments and realistic structure operational considerations, the validation of energy 

input/output/conversion and transportation capabilities as part of the load carrying structure and, 

above all, to verify this with a net-positive life-cycle assessment 

 

In that context, the project will be oriented on the development on an innovative composite material 

offering the possibility to store energy and to generate energy taking into account the material 

characteristics to sustain other expected properties that will be defined by the Topic Manager. There 

are already advances in research performed in recent years, generaly naƳŜŘ ά/ƻƳǇƻǎƛǘŜ ōŀǘǘŜǊƛŜǎέ 

(see an example in figure 2 here under) characterized by using chemically prepared carbon fibres as 

electrodes, and developing a solid polymere functioning as a solid electrolyte, thus providing 

structural properties comparable to traditional composites, with electrical energy storage capacity. 

 

 
 

Figure 2- Composite battery-Lithium-ƛƻƴ ōŀǘǘŜǊȅ ƛƴ ŦƻǊƳ ƻŦ α{ǘǊǳŎǘǳǊŀƭ ǇƻǿŜǊ ŎƻƳǇƻǎƛǘŜάΣ ŜȄǘǊŀŎǘ 9ƭǎŜǾƛŜǊ 

Volume 101 

 

First experiments of this technology took place around the year 2000 in Sweden. First realistic 

demonstrators of this type were built from 2004 in Scandinavia, and in the UK. The automotive 

industry, having efficient electrical cars as a goal, have shown interest and participated in some 

projects. 
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2. Scope of work  

 

The project must be oriented on the development of a innovative composite material and/or 

structure elements that will act as battery capability and power generation with probabebly a 

combination of different technical solutions within same frame as for classical aircraft battery, such 

as delivery power generation at 24 voltages with ennergy transfer capability. The solution is not 

limited to the example shown in paragraph 1 figure 2. 

 

The expected outcome is a real prototype of 2m² representing a typical fuselage structure with both 

fonctionalities, taking Topic Manager inputs  defining the structural and system constraints that must 

sustain the composite Structure and System functionalities..  

It is important that the primary function of the structure, load transfer, must under no circumstances 

be compromised by the addition of an additional functionality. Furthermore, conditions during 

structure part manufacturing, main component assembly and the final structure assembly are very 

different for large structural parts and assemblies than for system installation. 

 

The expected technology solution must be delivered with some underlying data coming from 

simulation development for verification against Topic Manager requirements. The time until TRL2 -

technology concept and application definition should then be used to verify adherence to key 

showstopper requirements experimentally. And through detailed simulation while the time to TRL4 -

prototype validation in lab environment shall be used for completion of the fundamental test 

pyramid of developed solutions, storage and power generation technologies, which will be 

implemented on the prototype.  

All within the time frame is detailed in figure 3, and followed by tables detailing tasks, deliverables 

and milestones. 

 

Throughout the conduct of the project, the Topic Manager will review and steer the consortiums 

progress in bi-annual gate reviews according to the maturity criteria determined by the Large 

Passenger Aircraft WP2 criteria. 

 

After demonstration of the solution capability, the Topic Manager will integrate it into new structure 

designs and system integration. 
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Figure 3 ς Time scale of the expected works 

 

Tasks 

Ref. No. Title ς Description Due Date 

1 Technology improvement of battery function; and adaption for use in 
aircraft; aircraft-adapted cathode, external power management, improved 
carbon fibres, external power management, manufacturing methods 

T0 + 22 

2 Technology improvement of power generation function: test of load 
spectrum range for efficient operation. Amplitude range to be determined. 
External power management, Manufacturing methods 

T0 + 22 

3 Technology improvement of structural super capacitor; determination of 
charging rates and discharging rate for reliable operation. External power 
management. Manufacturing mentods.  

T0 + 22 

4 Evaluation of structural behaviour, starting from coupon level, to element 
level, for battery function, for super capacitor and piezoelectric functions. 
Development of numerical model. 

T0 + 26 

5 Development and building of a basic aircraft demonstrator in form of cabin 
lining panel integrated structural battery. Load program of typical cabin 
interior electric loads.  

T0 + 34 

6 Development and building of a basic aircraft demonstrator in form of 
integration in skin in airframe stiffened panel, power management for 
charging battery 

T0 + 34 

7 Development and building of a basic aircraft demonstrator of structural 
super capacitor integrated in cross beam, power management for charging 
from battery  

T0 + 34 

8 Development and building of a power management to steer the 
integration of the three functions of the demonstrators 

T0 + 34 
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3. Major deliverables/ Milestones and schedule (estimate) 

 

Deliverables  

Ref. No. Title - Description Type Due Date 

D1.1 Concept description of battery composites incl. the basic 
demonstrator 

Report T0 + 6 

D1.2  Evaluated battery composites development Report T0 + 22 

D2.1 Concept description of power generation structural materials 
acting  incl. the basic demonstrator 

Report T0 + 6 

D2.2 Evaluated power generation development Report T0 + 22 

D3.1 Concept description of structural super capacitor incl. the 
basic demonstrator 

Report T0 + 6 

D3.2 Evaluated structural super capacitor development Report T0 + 22 

D4.1 Coupons test results Report T0 + 12 

D4.2 Structural behaviour of battery, piezo. comp, and of super 
capacitor 

Report T0 + 26 

D5.1 Battery Composite physical demonstrator Hardware T0 + 15 

D5.2 Battery Composite demonstrator summary incl. functional 
test report 

Report T0 + 34 

D6.1 Power generation physical prototype Hardware T0 + 17 

D6.2 Power generation prototype summary incl. functional test 
report 

Report T0 + 34 

D7.1 Structural super capacitor physical demonstrator Hardware T0 + 17 

D7.2 Structural super capacitor demonstrator summary incl. 
functional test report 

Report T0 + 34 

D8.1 Power management for demonstrators Hardware T0 + 20 

D8.2 Power management for demonstrators summary incl. 
functional test report 

Report T0 + 34 

D9 Final report Report T0 + 36 

 

Milestones (when appropriate) 

Ref. No. Title - Description Type Due Date 

1 Kick-off meeting  T0 

2 LPA WP 2.1 review  T0 +3 

3 LPA WP 2.1 review  T0 + 9 

4 LPA WP 2.1 review  T0 + 15 

5 LPA WP 2.1 review  T0 + 21 

6 LPA WP 2.1 review  T0 + 27 

7 LPA WP 2.1 review  T0 + 33 

8 Closure review  T0 + 36 
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4. Special Skills, Capabilities, Certification expected from the Applicant(s) 

 

The applicants shall have strong theoretical and experimental background in mechanical behaviour 

of carbon fibre reinforced plastics as well as electro chemistry. In particular, the following skills are to 

be demonstrated: 

Á Structural testing and numerical simulation of carbon fibre reinforced plastics 

Á Experience in electro chemistry and electric energy storage 

Á Experience in reserach on composite batteries based on solid electrolyte 

Á Experience in research on piezo electric composites based on solid electrolyte 

Á Experience in structural super capacisors based on solid eletrolyte 

 

The applicant must have:  

Á composite manufacturing and assembly capabilities,  

Á electrical installations means 

Á testing bench units 

Á Typical simulation tools and track record of using them 
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IX. Development of system components for automated cabin and cargo installation 

 

Type of action (RIA or IA) IA 

Programme Area  LPA [Platform 2] 

Joint Technical Programme (JTP) Ref. WP 2.4.4 

LƴŘƛŎŀǘƛǾŜ CǳƴŘƛƴƎ ¢ƻǇƛŎ ±ŀƭǳŜ όƛƴ ƪϵύ 12рл ƪϵ 

Duration of the action (in Months) 36 months Indicative 
Start Date10 

Q1 2017 

 

Identification Title  

JTI-CS2-2016-CFP03-LPA-02-12 Development of system components for automated cabin and 
cargo installation 

Short description (3 lines) 

Development of modular system components and accomplishment of feasibility and validation tests 

with respect to use-cases of the cabin and cargo final assembly regarding flexible and mobile 

manipulators capable of human-robot collaboration.    

 

 

 

  

                                                           
10

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

 

A Future Aircraft Factory would be incomplete if essential automation technologies were not 

considered. In order to reach a true TRL 6 maturity level in disruptive concept architecture like the 

one developed here, manufacturability needs to be regarded as important criteria in the validation 

process. Although the integrated pre-production tests will be conducted in WP 2.4.4, the first step 

will be to develop specific technology bricks, and this is precisely the objective of this work package. 

Assembly of aircrafts including system integration, cabin and cargo installation as well as testing 

nowadays is still mainly done manually, which is also true for supporting activities like logistics. Many 

of these activities today are in non-ergonomic conditions, process chains are very complex and not 

sufficiently transparent. 

In this context automation of logistics processes, delivery of aircraft parts, e.g. to the assembly 

stations, coexistence of human and mobile robots during installation and fully automated processes 

for part, system, cabin and cargo installation shall be investigated. This shall also integrate 

possibilities to optimize process chains and ensure transparency of the current assembly status at all 

times. 

The focus in this workpackage is the development and evaluation of system components for 

automated linings and hatracks installation in cabin and cargo in presence of human work force (see 

figure 1).  

There are challenges in many perspectives, like for example the need of mobile autonomous 

automation systems through aircraft doors and the limited access inside the aircraft (see figure 2). 

The automation systems also have to be very flexible and shall perform different operations at 

different locations, in order to minimize the amount of specialized systems and to reach a high 

utilization rate. Another challenge is the weight limit of automation systems to be able to work inside 

the aircraft, e.g. on the cabin or cargo floor (see figure 2). 

Such automation systems would be a leap forward with regard to lead time, recurring costs and also 

flexibility and transparency. 
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Figure 1: Cabin and Cargo Linings & Hatrack 

 

 

 Figure 2: Parameters in Cabin and Cargo 
































































































































































































































































































































































































































































































































































































































