cal Configuration - CleanSky Vision
(LPA-IADP;ﬂPl.G Demonstration of Radical Aircraft Configurations)

| |

Lars J@rgensen
TCAD, Toulouse 25-Nov-2014
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[T'j Content

e CleanSky2 context
— Heritage
— Location in CS2

e WABS, Timeline

* What could a Scaled Demonstrator be?
* Configuration studies required

e Context to national funded projects

* Open questions

* Conclusion
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NACRE (2006-2010)
New Aircraft configurations CleanSky2

PROCON2030 (2013)

in European Research FIEPEEEE. L2 (2 10E0!

Work Package Overview

Lol |
‘ WP 1- Storyboard e

WP 2 - Aircraft Integration and Concepts

WP 3—NovelEnergy & _ !
Powerplant ﬂ{EADS-\\N} WP4 - Novel Operations | DLP:}
| "

WP 5 — Capabilities & Processes d- Dassa\»‘“? —
Thd

__—\

‘ WP 6 — Dissemination & Exploitation \1 irbus k

‘ WP 7 — Project Management m————— *
i Airbus g

| *
@, AIRBUS > PROCON* 2030+
Fi * *

ROCON iication Kit / Ref. Issue 1/ Nov 2013
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Eco-Des
Fraunhofer Ges

Large
Systems
ITDs

Fast

Rotorcraft
Agusta
Westland

Eurocopter

Large ' RegiOI'Ia|
Passenger Aircraft

Aircraft
Airbus

Alenia
Aermacchi

AirframelITD
Dassault — EADS-CASA — Saab

Engines ITD
Safran - Rolls-Royce - MTU

Systems ITD
Thales - Liebherr

Technology Evaluator (TE)

German Aerospace Center (DLR)




n Structure

WP 0
LPA - IADP

Platform 1 - WP0 Platform 2 - WP0 Platform 3 - WP0 . th °|-1
Advanced Engine and Aircraft =~ pe===s=sssssssssssss Innovative Physical Integration Cabin- f============== Next Generation Aircraft Systems, ASE': L Og)r’lf[
Configuration System-Structure Cockpits Systems and Avionics SIS
WP 0.2
— WP 1.1 ) WP_2.2 _ WP 2.1 EcoDesign
CROR demo engine FTB Non-specific design Integrated product WP3.1
technologies architecture —— Enhanced flight operations and WP 0.3
functions :
WP 1.2 ITD - Interfaces
= Advanced engine integration WP 221 | WP 2.1.1 WP 32
driven fuselage ictive vi i a Requirements and functions 5
- Predictive virtual testing e == Avionic backbone technologies
development and integration
P WP222 It ratedwpoméf definition
e Validation of dynamically scaled Technologies for elementary _ e p——
L parts, sut:;:g(rjr:j;l);:: ents and WP 213 — Integrated advanced systems
Value assessment and avionics demonstration
WP 1.4
) ) WP 223
e Hybrid Laminar Flow Control q WP 3.4
large scale demonstration Tecr'gﬂ?g;ﬁggr;u E a —— Next generation cockpit ground
WP 23 demonstrator
Technology validation
| ’ ‘;:\'IP ;fo ’ WP 2.2.4 a WP 3.5
nnovative Fli rations i d
- = Interface technologies WP 2.3.1 === Next generation cockpit features
Multipurpose demonstrators flight demonstration
WP 1.6 WP 2.25 -
=== Demonstration of radical aircraft Customization technologies
configurations > = R “pi V'\:I'P 36
Testing Pilot case” demonstrators
WP 2.26
Airframe and Cabin & Cargo == .
operation i wsz.t;.sl_ Interrelations
re-production lines .
s with ITDs

s

“ITuUll ony 2


//sfs.corp/projects/RT_PROGRAM/TECH_PROG/AFLONEXT/Clean Sky2/Planung/Platform1-Airframe_ITD_interrelations_(OAD).mmap

WP1.6 Demonstratior adical Aircraft Configurations

/

Platform 1 - WPO Top ObjECtiVES
Advanced Engine and Aircraft
Configuration .
gL * Development of advanced aircraft concepts
WP 1.6 . . .
Deronsaton of Radica (airframe, systems architecture, propulsion
Aircraft Configurations . . .
Bt concept) with an integrated design approach.

Alternative Energy

I
— . ; l . . .
| Povignaeneees + ¢ In particular development of hybrid propulsion

Components

S concepts.

1
—)I Hybrid Power Bench |
I

I PEPTIIET Y e Testing of developed technologies and airframe
WP 1.6.3

_ Devcopentof components by means of adaptable and rapid test
means such as scaled flight testing.

WP 1.6.4
Start in ——> Flight Testing of Radical
2014 Aircraft Concepts
F——— WP 16.5
tart in | =3  Evaluation of Overall
|_ _015_ 3 Architecture/Configuration

Gross budget: 98M€

Timescale: Q4 2014 — Q4 2024

Clean Sky?2



ks, :
» WP1.6 Time Sche

|

T

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Activity VLol o e o e e o ] e e o
: Input LPA WPs
1 |Define Alternative Architecture / Components Configuratidn defined =L
2 |Select Advanced Supporting Technology Bricks Techrlo's selec | Pre- | Fully : E“'rr,sit,:,r.”""%:
3 |Develop & Build Hybrid Power Bench PowerBgnch G1) tested tested|| | 7 SystemiCa iTe
4 | Test Propulsion Components and Power Chain » 1 ,1" ,rf‘k f‘{ rf‘{
5 |Refine System Architecture & Aircraft Configuration _ ||| | 1| |4 | | | | [ 1| | |2
6 |Concept for Target Aircraft / Target Demonstrator a:mwmnem _ POR All major
7 |Preliminary Design incl. FTI Definition *DR ' COR T:mﬁ,:.‘,{:
8 |Detailed Design of Radical Configuration Demonstrator 5‘.’?{5‘ » COR PC/ey ondock plo b dd
9 Manufacture and Assemble Components RN A | [ (63) cdmplete
10 |Demonstrator Vehicle Working Party / Ground Tests T s | e, T G2 Test
11 Flight Tests -l | | Demonsteator | /4 | M Report
12 |Analysis of Test Results TD el REpy First, First :
13 |Evaluate End-to-end Operation vs. Reference Scenario . e h': ~-flight
n Utts TR | Report A findl
[ Repart
| ] |
TRL of technologies or combination of technologies  Principle Technologies |
to be validated at the radical configuration F/T dema. Complementary Technologies : - ohcihievelTRL 5 T
=T —T —T i | r
Content:

* Hybrid Ground Demonstrator test bench and some Configuration studies
* Scaled Demonstrator — it could be something Hybrid Electric
* Remote or manned
« Part of RR UltraFan Flight Test ‘,

Clean Sky?2
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|

brid Electric Propulsion

Propeller

System

Gear
Box

E-motor

1. Battery Management

Electric
Network
Cooling
System

Motor
Controller

Back-up
generator Gas Turbine

| I e |

For emergency ops
and take-off assist

Electric
Battery & Network
BMS' Cooling
System
Main
Gas Turbine
Rectifier

—— mechanical connection

—— cooling connection

Baseline Propulsion Architecture

For normal ops
—— electric DC connection

electric AC connection

Hybrid Electric Propulsion

Opening up of design space

(Boundary Layer Ingestion, Distributed
Propuslion)

Load management for critical flight "

RIEEES Clean Sky2



Lockheed X-55 ACCA (2009)
* Objective: low manufacturing cost
demonstrator
* Means:
* new composite fuselage for Do328
aircraft
* Qut-of autoclave
* Quick build: 20 month from contract
« 50M$

STV (Subscale Testbed Vehicle)
IIE;JIH-IIIIIII ll-l'n‘. R (Study 2012)
W T - e N+2, EIS 2025, 225 Pax LR
~ + Three design teams
» Boeing, Lockheed,
NorthropGrumman
EIS 2025 designs
Demonstrator concepts
 Manned
« 70% scale
700M$ for vehicle estimated

Flying Testbeds

Remote vehlcles

{
.//'i
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http://en.wikipedia.org/wiki/File:Lockheed_Martin_X-55_ACCA_001.jpg

Studies

Demonstrators could be

Demonstrator manned or unmanned
Storyboards | concepts (WP1.3 Scaled Flight Testing)
2015 CleanSky2 / H2020 /...
Reference Technologies

(Hybrid Electric Propulsion)

\1, 2019

2035 Research 2035 Config.
Baseline Concept

Scaled
Demonstrator

H2020
National 0 v
programs | 2035 Config.
>
Concept

2035 Config.
Concept 4 S
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Hybrid Electric

Propulsion

Hybrid Electric

Integration
Airbus

Power Gen.
Rolls-Royce

Generator
Siemens

Energy Storage
(SAFT / CEA)

Power Trans.
(Safran)

Electric Drive
Siemens

Propulsor
Rolls-Royce

ean Research projects

4

2016 2018
C52 Wave 2 Power Campus 2.0
2016 2019

2015
Power Campus 1.0 WP1.6 Configuration

C52 Wave 1

2015 2016 2017 2018 2019 2020 2021 2022 2023

lan 14 Jan 24

CleanSky2 WP1.6.2

Rolls-Royce, Airbus, (Safran) Integrated demonstration

Slemens

Other partners (Call for Proposal)

Component development and
demonstration

Thd | LuFo 5

[ PIAZ PNC Projet “Energie” | corac
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ean Research projects 2/2

4

2016 2018

C52 Wave 2 Power Campus 2.0

2016
Power Campus 1.0

2019

Aircraft Configurations 2015 WP1.6 Canfiguration

€52 Wave 1

CleanSky2 WP 1.6.3/5
Flying demonstrator for selected configuration

2015 2016 2017 2018 20158 2020 2021 2022 2023

lan 14 Jan 24

Alrbus, Rolls Ro afran)

CleanSky2 WP1.6.1
DLR, ONERA Transnational work

Other partners (Call for Proposal)

SPEARHEAD

Techno bricks
* Hybrid electric
s+ Movables

L]

Proposed (decision due Jan-15)
Looks at crass platform synergles

_f {BHL, CU, DLR, ONERA ...}

LuFOE-2 WP1a) Pre-MG3 Design platform LuFo 5
{Capabilities, Configurations) GE
LuFo 5-2 WP 1b) Platform Drivers [Configurations,
Uni- Pool]
| thd | corac FR
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e  Common reference and baseline

* Parallel design exercises
* These could also come from national frameworks
* Norestriction on team composition

* Collaboration between exercises

*  Common capability support

* Consecutive design cycles as required
* Downselection of promising design

Team composition? * Depends on national exercises
Common data format? CPACS could be a candidate
Common platform? * Not mandatory

* Should link airframe, propulsion and systems

e Could be aresult

* Not a dedicated capability project
Supporting capabilities? * List of capabilites/ranking required (mapping)

* We could have a support topic

\ 4
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WP1.6 will be a key demonstration activity in CleanSky2

Main elements:
— Hybrid Electric Propulsion as a key enabler for new configurations
— Scaled Demonstrator for radical configuration
— Ultra High Bypass Engine configuration demonstration

For the Scaled Demonstrator a configuration exercise would be required,
to be coordinated with national exercises

The Scaled Demonstrator could serve as a target application for research
WP1.6 could serve to demonstrate new approaches
A capability mapping would be helpful

The project depends on the support of partners
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