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SAGE ITD SAGE ITD –– Contribution to environmental targetsContribution to environmental targetsSAGE ITD SAGE ITD –– Contribution to environmental targetsContribution to environmental targets

Reduced fuel 
consumption (CO2 & 
NOx reduction

Engines
Loads & flow control
New Aircraft Configurations 
L i ht

CO2 up to 20%

NOx up to 60%NOx reduction Low weight
Aircraft Energy Management
Mission & Trajectory Management
Engines

x p

External noise 
reduction 

g
Mission & Trajectory Management
Configuration
Rotorcraft noise reduction

Noise up to 7 dB

« Ecolonomic » 
life cycle  

Aircraft Life Cycle

22



SAGE ITD SAGE ITD –– Objectives and contentObjectives and content

To develop and validate technologies
Contributing to the environmental targets
On 5 complementary demonstrator engines for regional narrow body wide body & rotorcraftOn 5 complementary demonstrator engines for regional, narrow body, wide body & rotorcraft 
applications
Raising the Technology Readiness Levels to TRL 6

C i (C O ) d i l & i ll i i l diContra‐rotating open rotor (CROR) 
propulsion systems, demonstrating

– Feasibility of geared power transmission
– Ability to control contra‐rotating propeller 

Advance engine externals & installations including 
novel noise attenuation

For advanced geared fan engine concepts
blade pitch 

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

For advanced geared fan engine concepts
– High efficiency LP spool technology 
– High speed LP turbine design
– Aggressive mid turbine interduct
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Lightweight Low Pressure (LP) systems for 
large turbofans, including

– Composite fan blades & fancase 
– Lightweight structures

For next generation rotorcraft engine
– High efficiency & lightweight compressor 
– High efficiency & lightweight turbine 3g g

– High efficiency low pressure turbine
High efficiency & lightweight turbine

– Low emission combustion chamber



SAGE 1SAGE 1
SAGE 1

Geared Open Rotor
Rolls-Royce

Mark Pacey

SAGE 1.1.1
Transmission Systems

SAGE 1.1
Open Rotor Assembly

Rolls-Royce

SAGE 1.2.1
Donor Core

SAGE 1.2
Core Engine
Rolls-Royce

SAGE 1.3.1
Whole Engine Design

SAGE 1.3
Integration and Test

Rolls-Royce

SAGE 1.4.1
Integrate and Manage

SAGE 1.4
Lean Burn
Rolls-Royce

SAGE 1.1.1.1
Front Rotating Structure

Rolls-Royce

SAGE 1.1.1.2
Rear Rotating Structure

y
Rolls-Royce Rolls-Royce

SAGE 1.2.2
Low Pressure Turbine

Rolls-Royce

SAGE 1.2.3
Controls and Systems

Rolls Ro ce

SAGE 1.3.1.1
Performance
Rolls-Royce

SAGE 1.3.1.2
Mechanical Integrity

g g
Rolls-Royce

g g
Rolls-Royce

Rear Rotating Structure
Volvo

SAGE 1.1.1.3
Rear Support Structure

Rolls-Royce

SAGE 1.1.1.4
Blade Pitch Change

Rolls-Royce Mechanical Integrity
Rolls-Royce

SAGE 1.3.1.3
Heat Management

Rolls-Royce

SAGE 1.3.2
Nacelle and Externals

Rolls-Royce

SAGE 1.1.2
Propeller System

Rolls-Royce

SAGE 1.1.3
Hot Rotating Plug

Partner

Rolls-Royce

SAGE 1.3.3.1
Instrumentation

SAGE 1.3.3
Development Vehicle Assembly

Rolls-Royce

4

Partner

SAGE 1.1.4
Noise

Rolls-Royce

SAGE 1.1.5
Rig Tests

Rolls-Royce

Instrumentation
Rolls-Royce

SAGE 1.3.4
Facilities Development

Rolls-Royce

SAGE 1.3.5
Geared Open Rotor Test 4
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Rolls-Royce



SAGE 2SAGE 2

Sage 2
Geared Pusher CROR Demonstration

Snecma
WP2.0

Project Management
SnecmaSnecma

WP2.2
Demonstrator Modules & Nacelle 

development

WP 2.1
Demonstrator Integration& Systems 

Development

WP2.3
Demonstrator ground tests

p
Snecma

p
Snecma Snecma

WP 2.1.1
Whole Demonstrator Design

Snecma

WP 2.2.1
Counter-rotating propeller 

module development
Snecma

WP 2.3.1
Engine Assembly

Snecma

WP 2.2.6
Shafts

Snecma

WP 2.1.2
Demonstrator Control & 

system
Snecma

WP 2.1.3

Snecma
WP 2.2.7

Rotating f rames 
Volvo

WP 2.2.2
PCM Design

Snecma

WP 2.3.3

WP 2.3.2
Engine Link to OATB

Snecma

WP 2.2.8
Reduction GBWP 2.2.3
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Evaluation on single Aisle A/C
Airbus France

WP 2.1.4
Evaluation on regional Aircraf t

Alenia Aeronautica

Engine Ground tests
Snecma

Reduction GB
Avio

WP 2.2.9
Nacelle
Aircelle

Whole Power Turbine 
Integration
Snecma

WP 2.2.4
Power Turbine

A io 5WP 2.2.10
Mounts
SnecmaWP 2.2.5

Mid Structural Frame
Snecma

Avio



SAGE 3

SAGE 3SAGE 3
Large 3-shaft Demonstrator

Rolls-Royce

SAGE 3.1
Turbomachinery

Rolls-Royce

SAGE 3.2
Structures & Systems

Rolls-Royce

SAGE 3.3
Integration & Test

Rolls-Royce

SAGE 3.1.1
Fan Systems
Rolls-Royce

SAGE 3.2.1
Transmissions
 and Structures

Volvo Aero

SAGE 3.3.1
Whole Engine

 Integration
Rolls-Royce

SAGE 3.1.2
Low Pressure Turbine

ITP

SAGE 3.2.3
Controls

Rolls-Royce

SAGE 3.3.2
Demonstration

Vehicle Assembly
Rolls-Royce
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SAGE 3.2.4
Nacelle and
Externals

Rolls-Royce

SAGE 3.3.3
Large 3-shaft engine
Demonstrator Test

Rolls-Royce
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SAGE 4
SAGE 4

Geared Fan Engine
MTU

SAGE 4
Geared Fan Engine

MTU

SAGE 4.1
Engine Modules

MTU

SAGE 4.2
Structures & Systems

MTU

SAGE 4.3
Integration and Test

MTU

SAGE 4.1
Engine Modules

MTU

SAGE 4.2
Structures & Systems

MTU

SAGE 4.3
Integration and Test

MTU

SAGE 4.1.1
Hiph Pressure 

MTU

SAGE 4.2.1
Fan Drive

MTU

SAGE 4.3.1
Whole Engine

MTU

SAGE 4.1.1
Hiph Pressure 

MTU

SAGE 4.2.1
Fan Drive

MTU

SAGE 4.3.1
Whole Engine

MTU

Compressor
MTU

SAGE 4.1.2
High-Speed 

Gear System
Avio

SAGE 4.2.2
Mid Turbine Frame

Design
MTU

SAGE 4.3.2
Engine Build & Strip

Compressor
MTU

SAGE 4.1.2
High-Speed 

Gear System
Avio

SAGE 4.2.2
Mid Turbine Frame

Design
MTU

SAGE 4.3.2
Engine Build & Stripg p

Low Pressure Turbine
MTU

SAGE 4.1.3
Engine Modification

Mid Turbine Frame

Volvo

Engine Build & Strip

MTU

SAGE 4.3.3
Geared Fan
E i T t

SAGE 4.2.3
Control & Power

g p
Low Pressure Turbine

MTU

SAGE 4.1.3
Engine Modification

Mid Turbine Frame

Volvo

Engine Build & Strip

MTU

SAGE 4.3.3
Geared Fan
E i T t

SAGE 4.2.3
Control & Power
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Engine Modification

MTU

SAGE 4.2.4
T bi E h C

Engine Test
MTU

Control & Power 
System

MTU

Engine Modification

MTU

SAGE 4.2.4
T bi E h C

Engine Test
MTU

Control & Power 
System

MTU

7Turbine Exh. Case

Volvo

Turbine Exh. Case

Volvo



SAGE 4

New High Efficient High 
Pressure Compressor

New High Efficient High 
Pressure Compressor

Cooling Air Cooling Turbine Midframe with 
aggressive Interduct 
based on EU-AIDA

(Volvo)

Pressure Compressor
(MTU)New Lightweight 

Structural Fan Frame
Cooling Air Cooling Turbine Midframe with 

aggressive Interduct 
based on EU-AIDA

(Volvo)

Pressure Compressor
(MTU)New Lightweight 

Structural Fan Frame

Low Noise Fan New Lightweight 
Exhaust Frame

(Volvo)

Low Noise Fan New Lightweight 
Exhaust Frame

(Volvo)

Ad d F D i
LP Spool Generator

Exhaust Frame
(Volvo)

Ad d F D i
LP Spool Generator

Exhaust Frame
(Volvo)

Advanced Fan Drive 
Gear System

(Avio)
New High Speed Low 

Pressure Turbine

Advanced Fan Drive 
Gear System

(Avio)
New High Speed Low 

Pressure Turbine

8

(MTU)

Electric Starter Advanced Distributed New  Lightweight LP 

(MTU)

Electric Starter Advanced Distributed New  Lightweight LP 8GeneratorControl System
g g

Turbine outer CasingGeneratorControl System
g g

Turbine outer Casing



SAGE 5
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SAGE ITD SAGE ITD ‐‐Master PlanMaster Plan

1010



CfP status

CfP target for SAGE

50 000 000

60.000.000

40.000.000

50.000.000

s

20.000.000

30.000.000

Eu
ro

s Total of JU contribution
Target

10.000.000

11

0
SAGE1 SAGE2 SAGE3 SAGE4 SAGE5 Total

SAGE x
11

Objective: 25% of budget allocated to CfP



Links with other ITDs

• SFWA

• GRAGRA

• GRC

• TE

1212



SFWA- ITD integration of the                              
CROR engine conceptCROR engine concept

1313



CROR engine integration concepts

1414



GRA link

SAGE4 
GTF

GEARED TURBOFAN
LOW SPEED TURBOPROP ADVANCED TURBOFANPUSHER OPEN ROTOR

Rear engine installation Under wing engine installation Under wing engine installation Rear & Under wing engine 
installationinstallation

Lo
op

 2 Engine data updating (AEA hypothesis)

All Electric Aircraft and More Electric Aircraft Systems architectures trade-off studies

Aerodynamic  Improvement (Wing design and HLD studies)

New materials improvement & Preliminary Structural layout definition

15

Engine data updating (AEA or MEA hypothesis)

Feasibility studies under Structural and Systems points of view

oo
p 

3

New materials improvement & Preliminary Structural layout definition

15Best configuration choice for WTTL



CfP ll 10CfP call 10 
example

16

p
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SAGE2 Objectives

Pitch Change 
Mechanism

Rotating structure
Shafts

Modules, sub-systems, nacelle 
items

Design integration, assembly
Test Programme

Power Turbine items
PGB for alternate 

architecture

Airframer requirements 
and installations

Nacelle items PGB
Bearings

Test Programme architecture

Project completion
2016

Prelim. DR
Dec 2012

Interim Review
Nov. 2009

Concept studies
Demo spec.

Prelim. design
Partner selection

Detail design
Manufacture

Build and 
test

Open rotor technology development → full-scale engine demonstration

17

Project launch
1 June 2008

Critical DR
Dec. 2013

Choice Configuration 
Sept. 2010 17
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SAGE2 Research Topic (I/II):  
CROR Propeller bladesCROR Propeller blades

• Topic Objectivesp j
• 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• Verify compliance of the definition with SAGE 2 requirements ( by 
experience, analysis and/or tests)

• Skills expected from the applicantsS s e pected o t e app ca ts
• Professional experience in propeller blade design and manufacturing

• Capability to manage full scale blade manufacturing

• Experience in impact testing on propeller blade

• Expected outcome
l d lid i d fi i i d f i

18

• Blade concept validation, definition and manufacturing

• Blade qualification by testing

18
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SAGE2 Research Topic (II/II):
CROR Propeller Rotating Aero DuctsCROR Propeller Rotating Aero Ducts

• 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 demonstratorp

• Skills expected from the applicants
• Professional experience in sheet metal parts design and manufacturingp p g g

• Capability to manage full scale part manufacturing

• Experience in rotating parts design

19

• Expected outcome
• Rotating aero ducts design and manufacturing for the SAGE2 demonstrator

19
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Q & AQ & A
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