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SAGE ITD — Contrii to environmental targets

» Engines
_ » Loads & flow control CO, upto20%
consumption (CO, &

2. » New Aircraft Configurations
NOX reduction > Low weight NO, up to 60%

» Aircraft Energy Management
» Mission & Trajectory Management

» Engines

» Mission & Trajectory Management
Configuration
Rotorcraft noise reduction

Reduced fuel

External noise
reduction

Noise upto7dB

« Ecolonomic »
life cycle

»Aircraft Life Cycle
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tives and content

.

To develop and validate technologies
< Contributing to the environmental targets

< On 5 complementary demonstrator engines for regional, narrow body, wide body & rotorcraft
applications

<+ Raising the Technology Readiness Levels to TRL 6

Contra-rotating open rotor (CROR) Advance engine externals & installations including
propulsion systems, demonstrating novel noise attenuation
— Feasibility of geared power transmission
— Ability to control contra-rotating propeller For advanced geared fan engine concepts
blade pitch

— High efficiency LP spool technology
— High speed LP turbine design
— Aggressive mid turbine interduct

— Ability to control system noise levels equal
to or better than current engines

Lightweight Low Pressure (LP) systems for

large turbofans, including For next generation rotorcraft engine
— Composite fan blades & fancase — High efficiency & lightweight compressor _ %y
— Lightweight structures — High efficiency & lightweight turbine en
— High efficiency low pressure turbine — Low emission combustion chamber e
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SAGE 1
Geared Open Rotor

Rolls-Royce
Mark Pacey
|
[ [ [ |
SAGE 1.1 SAGE 1.2 SAGE 1.3 SAGE 14
Open Rotor Assembly Core Engine Integration and Test Lean Bumn
Rolls-Royce Rolls-Royce Rolls-Royce Rolls-Royce
SAGE 1.1.1 SAGE 1.2.1 SAGE 1.3.1 SAGE 1.4.1
H Transmission Systems Donor Core H Whole Engine Design Integrate and Manage
Rolls-Royce Rolls-Royce Rolls-Royce Rolls-Royce
SAGE 1.2.2
SAGE1.1.1.1 Low Pressure Turbine SAGE 1.3.1.1
I Front Rotating Structure Rolls-Royce H Performance
Rolls-Royce Rolls-Royce
SAGE 1.2.3
SAGE 1.1.12 Controls and Systems SAGE 1.3.1.2
H Rear Rotating Structure Rolls-Royce H Mechanical Integrity
Volvo Rolls-Royce
SAGE1.1.13 SAGE 1.3.1.3
H Rear Support Structure ‘1 Heat Management
Rolls-Royce Rolls-Royce
SAGE1.1.14 SAGE 1.3.2
| Blade Pitch Change H Nacelle and Externals
Rolls-Royce Rolls-Royce
SAGE 1.1.2 SAGE 1.3.3
H Propeller System I Development Vehicle Assembly
Rolls-Royce Rolls-Royce
SAGE 1.1.3
H Hot Rotating Plug SAGE 1.3.3.1
Partner Instrumentation
Rolls-Royce
SAGE 1.14
H Noise SAGE 1.34
Rolls-Royce = Facilities Development
Rolls-Royce
SAGE 1.15
— Rig Tests SAGE 1.3.5
Rolls-Royce = Geared Open Rotor Test
Rolls-Royce
Proprietary Information — not to be disclosed or reproduced
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Sage?2

WP2.0 Geared Pusher CROR Demonstration
Project Management Snecma
Snecma

WP 2.1 WP2.2 WP2.3
Demonstrator Integration& Systems Demonstrator Modules & Nacelle Demonstrator ground tests
Development development

Snecma Snecma Snecma
] | |
WP 2.1.1 WP 2.2.1 WP 2.2.6 WP 2.3.1
Whole Demonstrator Design Counter-rotating propeller Shafts — Engine Assembly
Snecma module development Snecma Snecma
Snecma
WP 2.1.2 W!D 2.2.7 WP 2.3.2
Demonstrator Control & WP 2.2.2 Rotating frames — . .
. Engine Link to OATB
system PCM Design Volvo S
necma
Snecma Snecma
WP 2.2.8
WP 2.1.3 WP 2.2.3 Reduction GB — WP 2.3.3
Evaluation on single Aisle A/C Whole Power Turbine Avio Engine Ground tests
Airbus France Integration Snecma
Snecma WP 2.2.9
WP 2.1.4 Nacelle —
Evaluation on regional Aircraft WP 2.2.4 Aircelle
Alenia Aeronautica Power Turbine
. WP 2.2.10
Mounts —
WP 2.2.5 Snecma
Mid Structural Frame www.cleansky.eu
Snecma




SAGE 3

Large 3-shaft Demonstrator

Rolls-Royce
I
I I I
SAGE 3.1 SAGE 3.2 SAGE 3.3
Turbomachinery Structures & Systems Integration & Test
Rolls-Royce Rolls-Royce Rolls-Royce
SAGE 3.1.1 SAGE 3.2.1 SAGE 3.3.1
| Fan Systems | Transmissions | Whole Engine
Rolls-Royce and Structures Integration
Volvo Aero Rolls-Royce
SAGE 3.1.2 SAGE 3.2.3 SAGE 3.3.2
|| Low Pressure Turbine u Controls | Demonstration
ITP Rolls-Royce Vehicle Assembly
Rolls-Royce
SAGE 3.24 SAGE 3.3.3
| Nacelle and | | Large 3-shaft engine
Externals Demonstrator Test
Rolls-Royce Rolls-Royce

L ek
-
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SAGE 4
Geared Fan Engine
MTU
I I I
SAGE 4.1 SAGE 4.2 SAGE 4.3
Engine Modules Structures & Systems Integration and Test
MTU MTU MTU
SAGE4.1.1 SAGE 4.2.1 SAGE 4.3.1
|| Hiph Pressure | Fan Drive | Whole Engine
Compressor Gear System Design
MTU Avio MTU
SAGE 4.1.2 SAGE 4.2.2 SAGE 4.3.2
|| High-Speed | Mid Turbine Frame | Engine Build & Strip
Low Pressure Turbine
MTU Volvo MTU
SAGE 4.1.3 SAGE 4.2.3
- Engine Modification | Control & Power
System
MTU MTU
" e -F-':' oy 5
SAGE 4.2.4 by ~
| | Turbine Exh. Case n -
W ok
Volvo N
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New Lightweight
Structural Fan Frame

Advanced Fan Drive
Gear System

(Avio)

New High Efficient High
Pressure Compressor

Turbine Midframe with
aggressive Interduct
based on EU-AIDA

(Volvo)

New Lightweight
Exhaust Frame

(Volvo)

New High Speed Low
Pressure Turbine

(MTU)

Electric Starter

Advanced Distributed
Control System

New Lightweight LP
Turbine outer Casing
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-
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S5AGEE
Tash oshaft Engzire
Tuhoniecs
SAGE 5.1 SAGE 5.2 S5AGE 5]
Care shidy Whele Engive smdy Irteg rafion and test
Tl oreea Taurbureea Turloerwea
SAGES L] $AGE 511 SAGE XIS SAGE 831
= Conpressor Ol 3 wtem Control s vstems Whele enzire nres b on
Tu[hu[[l!td ,I Pd.[ L[I'_'I3 TLlﬂ.l LIfIECA .ll Pd.[ L[lEI! TLlﬂJUJ:[I!L'd JI Pd.[ I.[I.I'_'I3 TUA}UIEI‘_‘L':{
SACE L. L2 SACE £2.2 SACES2.b
= Combustor Trarms nussion Exchanst || ~ BACGE£31
Tuthomera Tth crieca Tuhomeca Enzize buld & +tap
Tushomeca
SACES. L3 SACE 813
e HP Ttk ive Lowr nodse device — SAGE 533
Turbomeca Tahomeca ¥ Partners SAGE 5'2'? | Engine Tast
Contra Fotative Tk camsoa
arolkitec e
SACES.L4 SACE 514 Tuhomeca
1 LP Tuthine Mow aleohioal AGE
Tuthomeoa Ttk cemieca | I\%ﬂgeﬁ;
SACESDR e
Thazh canzaa
Managezent
SA(;E 5. 1.5 Tlll]:Il:IHEC&
— Mansgeinet
Tathomeca
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—2008 2000 2010 2011 2012 2013 2014 2015 2016
[@3]a4 [a1]0z2]as [a4 |o1]02 [as Jo4 [a1]az [a3 Jo4 (a1 oz Ja3 [Q4 a1 [z Jas [a4 (a1 [az2]a3 [a4 [a1 Jaz [a3 Jad o1 ]a2]as a4
SAGE 1 Geared Open Rotor ] OR Concept Studies | OR Config Studies | : | coneept || i : |Detail Design| : P Pl
: I i | ORFeasibility Studies | i |Pretiminary | i Manufact. | £
P : A i A A A ; i | Builw
Cénfighratibn Go N& GofeoR £ PDR o Test
Gate Revigw | Gdte Review ER : E]
TRL progresses
SAGE 2 Geared Open Rotor Concept studies option 1 II Critical Components Preliminary I I Detail Design | HEE
i | 1 i i Scorecard | R Preliminary | : £ | Manufacturing P P
Concept studi&soptioan ‘A : i W S Build/ | ¢ 2nd build
H T dieardd | Aitbusi i Airbus st puidi  § 0 dstbuid Instru or Fliaht test |
iOR; | Configuraton | BoNoGS PR ; i T P P
H H !Selec“oﬁ H H H H =
TRL progresses 5
SAGE 3 Large 3-shaft Turbofan ; Conceptdesign [i | ! Detail I | Test 1 | Test2 I
I Preliminary design Manufacturing F-
fCa0R = |G
TRL progresses
SAGE 4 Geared Turbofan i | _Conceptdesign
i i i | Preliminary Manufacturing | 3
TRL progresses . .
SAGE 5 Turboshaft Preliminary Detailed design Manuf. E i
i i i | rigTest [i | Test2
7o
TRL progresses -

TRL scale

012

I Design

Ground Test I

| Manufacturing | |

In Flight Test |
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CfP target for SAGE

60.000.000

50.000.000 -

40.000.000 -

30.000.000 -

Euros

20.000.000 -

10.000.000 -

0 -

SAGE1 SAGE2 SAGE3 SAGE4 SAGES

SAGE x

Total

@ Total of JU contribution
| Target

Objective: 25% of budget allocated to CfP

W |
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other ITDs

* SFWA
* GRA
* GRC
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S
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SFWA- ITD integ

CROR engine

Innovative Power-Plant Integration
Design of innovative CROR blades and pylon

CROR Aero -Acoustic -
experimental characterization
" CROR installation effects: aero, noise, vibrations,

handling qualities

®* CROR propeller kinematics, study of fragment
impact depending on size and propeller and
fuselage materials

= Structural technologies for armour and shielding CROR design study:
interference with HTP

® Feasibility study of a full scale CROR enginein a
Flying Testbed Demonstration (FTB)

.
e

. CROR structural
integration concept

Airbus A340-600 Flying Test Bed
with CROR engine

www.cleansky.eu cLeansky



CROR FTR A340-600

CROR design concept from
CleanSky SAGE-ITD (Rolls-Royce)

I EEIN | | W,

CROR integration structural
design study (Airbus)

= CROR design concept from I
Clean3ky SAGE-ITD (SNECMA)

=
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“~N Snecma
&h

| Groupe SAFRAN

ORear engine installation QUnder wing engine installation QUnder wing engine installation URear & Under wing engine
N UEngine data updating (AEA hypothesis) installation
8‘ QAIl Electric Aircraft and More Electric Aircraft Systems architectures trade-off studies
3 UAerodynamic Improvement (Wing design and HLD studies)

UNew materials improvement & Preliminary Structural layout definition

™ U Engine data updating (AEA or MEA hypothesis)

o e
(@) U Feasibility studies under Structural and Systems points of view ' o
@) e
-

U Best configuration choice for WTT
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CLEANSKY

CfP call 10
example
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SAGE2 Objecﬂti: '

P

N 7 AN vorvo AEro g b A - ),
E_“'\ SAFRAN Alﬁls vﬂﬁ’l‘:ﬁmﬁﬂﬂ% o | 4 :‘a’uVLIJO 7 AleniaAermacchi

Pitch Change
Mechanism

FAL

Modules, sub-systems, nacelle

items Airframer requirements  Rotating structure POWer Turbine items  Nacelle items PGB
Design integration, assembly and installations Shafts PGB for alternate Bearings
Test Programme architecture
Interim Review Prelim. DR Project completion
Nov. 2009 Dec 2012 16

Open rotor technology development — full-scale engine demonstration

Concept studies Prelim. design Detail design Build and
Demo spec. Partner selection Manufacture test
Project launch Choice Configuration Critical DR
1 June 2008 Sept. 2010 Dec. 2013

Proprietary Information — not to be disclosed or reproduced WA Clean El"-?}-f =10 E!EAFJEHY
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* Topic Objectives
* Provide a CROR Blade definition compliant with SAGE2 Demo engine
requirements for ground and flight tests

» Verify compliance of the definition with SAGE 2 requirements ( by
experience, analysis and/or tests)

e Skills expected from the applicants
* Professional experience in propeller blade design and manufacturing
» Capability to manage full scale blade manufacturing
* Experience in impact testing on propeller blade

 Expected outcome
» Blade concept validation, definition and manufacturing
* Blade qualification by testing

Proprietary Information — not to be disclosed or reproduced WA Clean 5!{1}: =10 ﬂm
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* Topic Objectives

* Provide a CROR rotating aero ducts definition compliant with SAGE2 Demo
engine requirements for ground and flight tests

» Verify compliance of the rotating aero ducts definition with SAGE 2
requirements ( including certification requirements for rotating parts, by
experience, analysis and/or tests)

* Deliver the parts for the SAGE2 demonstrator

 Skills expected from the applicants

* Professional experience in sheet metal parts design and manufacturing
» Capability to manage full scale part manufacturing
* Experience in rotating parts design

 Expected outcome
* Rotating aero ducts design and manufacturing for the SAGE2 demons’glratii-_ x

b

. -
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