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From Clean Sky towards Clean Sky 2

A Clean SkythroughSAGE (SainableAnd Green Engined, iS
delivering significant step changes in key engine
technologies along the following themes:

I Open Rotor, Composites, Lean Burn combustors, high power gearboxes
enhanced turbines and compressors, advanced materials and improved
structures

A Clean Sky & about providing and demonstrating new
engine technology for the whole of the civil market

A TheClean Sky &ngines ITD will build on Clean Sky anc
demonstrate technology at a whole engine level
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Overview of the ITD/IADP

HighLevel Objectives

A Environmental objectives for the engines ITD are to
demonstrate at TRL6 the following:
I 20-30% reduction in GO
I Significant contribution to ACARE 200« reduction

target (-80%%*)
I Upto-11EPNAdB per operation reduction in noise*
*relative to year 2000 baseline

A Industrial objectives are to ensure future competitivene
of European Aero Engine industry, securing trade,
employment and high technology knowledge S
and skills Clean Sky



SPD Work Breakdown Structure

_WPQ: ITD Coordination
(RRUK / Safran Aircr&hginesMTU)

__WP2: UHPE Demonstrator for SMR aircraft
(Safran AircrafEngine}¥

__WP3:Business Aviation/SR Regional TP Demonstrator
(SafranHelicopterEngine}

WP4:Advanced Geared Engine Configuration
(MTU)

WP5:VHBR Middle of Market Turbofan Technology
(RRUK)

_WP6:VHBR Large Turbofan Demonstrator
(RRUK)

ENGINE ITD

__WP7:Light weight and efficient jefuel reciprocating engine
(SafranSMA)

__WP8:Reliable and more efficient operation of small turbine engines
(PAI)

IWP9 ECO Design Activitie®ptional I

TRRUKISN/MTU) Q)

Clean Sky



CfP#4 1 Topics from Safran Aircraft Engines and its

Core Partners

WP2SafranAircraft Engine§ilean Sky activities:
Ultra High Propulsive Efficiency for SMR aircraft

> 4

UHBR turbofan for
SMR aircraft

S SAFRAN

Main Technology Obijectives
Afrom design to ground test of an engine demo to validate LP modules

nacelle technologies

Key Technologies

ALow pressure ratio fan / variable area fan nozzle

ALow weight / low drag fixed or rotating structures and nacelle.
AHigh power gear box

AHigh efficiency LP turbine & LP compressor

AEngine / aircraft specific integration

Potential Partner participation:
AFixedstructures in propulsive system, low pressure turbine componen
controls and systems components, shafts, bearings

Safran Aircraft Engines proprietary data



CfP#4 1 Topics from Safran Helicopter Engines and

Its Core Partners

A Main Technology Obijectives

I From design to ground test of a new
turboprop engine demdor business
aviation and short range regional.

I Improvement of advanced core engine From ARDIDEN 3 existing

ARDIDENS3 turboshaftengine to full
Integrated Turboprop Systen

A Key Technologies
I HP core sma8ize — 1.
I Advanced propeller / air inlet / gear bo PX
I Controls Jub & actuation systems -
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Work Breakdown Structure

-

WP3.1 WP3.2 WP3.3 WP3.4 WP3.5 WP3.6
Whole integration Core engine Gear Box Propeller Air inlet Turboprop
of the Adaptation Module & nacelle Innovative
propulsion system for TP usage Accessories
3.1.1 3.2.1 3.3.1 3.4.1 3.5.1 3.6.1
—  IPPS specification — Combustion —  Advanced PGB — Advanced —|  Design method - Thermal
& Chamber Study Design method design method For air inlet Management
LArchitecture Design . & § for propellers \ performance .
3.1.2 322 3.3.2 342 SISE 362
|| Subsystems a Turbine | Design ofthe | Propellerdesign . Nacelle system L Dedicated
Specifications & Propulsive gear box & manufacture design functions
. . exhaust Study X module . " .
| 3.1.3 | S | 333 | 343 | 363
IPPS evaluation Control Manufacturing Propeller control Engine Survey
Study * System study & OVS protection
. . . . N
p
- 314 cos Bl i 3.3.4
IPPS Integration Int oret_ ngér:e d Testing of the
8 Test ntegration Study PGB+AGB
N . "
R
| SRIES 3.25
Project Manufacturing
management & Tests
e N

A *WP3.1.3: Interface with TE & ECO DESIGN
A WP3.3 & WP3.4 open to core partner

A WP3.6 open to partners 9
Clean Sky



Overviewof the ITD/IADP

WP4 MTWClean Sky activities:
Advanced Geared Engine Configurations

Main TechnologyObjectives

A Rigand EngineTestingand Validation
of Compressoand Turbine Technology
to further reduceEmissions

Key Technologies

A Aerodynamidntegration

A Material Technologies

A Manufacturing Technologies

Timeframe 2015- 2021
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Overview of the ITD/IADP

RollsRoyceClean Sky activities are split into
two work packages:

WP5:underlying technologies for VHBR  WP6:VHBR technologies for the
SY3aAySa ¢A0K TF2oDdza @y rangkaslinar markBt Rith S
al NJ Sié¢ aKz2NI NIy 3 SEngine NdnWdstiaior

Composﬂe*é @ Integration

Turbines

Externals
& Structure

| Control &
S Power Systems




WP/ CfP#04:. Engine Control System

WP7 Light weight & Efficient Jdtiel reciprocating engine

The ECS WP is the last
topic to be launched for
the SR460.

| & SAFRAN
9
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Overviewof the ITD/IADP

WP8¢ PiaggicAero/ Avio Aero Clean Sky 2 activities
Reliable and more efficient small Gas Turbine engine for SAT market

Reference Engine

Technology Validation on
selected modules

CS2 Virtual Engine

Engine cycle

Technology work

|

Main Technology Objectives
AVirtual Engine Integration
A Component Maturation

A Component Validation

Key Technologies

A Material Technologies

A Manufacturing Technologies
A Compressor

A Combustor

ATurbine

Timeframe:2015- 2019
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Overview of the ITD/IADP

EngineTD timelines

2014 2016 2018 2020 2022

SafranAircraft
WP2UHPE demonstrator  Engines | Ground Demonstrator
WP3Business Aviation S_afran _
Regional Turboprop ~ Helicopter
. Enagin
WeaGeared engine o [ Gomitmman W

Configuration (HRCPT) MTU
WP5VHBR Turbofan

Middle of Market RR
WP6 VHBR Turbofan
Long Range RR

WP7Small Aircraft Engine SMA

9
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Overview ofSP[opics

Identification Code

Action
Safran

High speed turbine performance improvement Aircraft
JT1-CS2-2016-CFP04-ENG-01-[tBrough cascade tests RIA 1,504Engines

2 VBV actuators (LHS & RHS) for Ground Test Safran

2 VSV booster actuators (LHS & RHS) for Grour Aircraft
JTI-CS2-2016-CFP04-ENG-01-est Demo 1A 1,804Engines

Development of the investment casting proceg

and weldability for high temperature capable
JTI-CS2-2016-CFP04-ENG-01-[Kiperalloys IA 0,700GKN
JTI-CS2-2016-CFP04-ENG-01-H8gh load gear and bearings materials 1A 0,450AA

Safran

Experimental & Numerical analysis dedicated to Helicopter
JTI-CS2-2016-CFP04-ENG-01-Management for Turboprop Air intake RIA 0,95(JEngines

Substitution of Chromium(VI)-based substancg

for corrosion protection of Aluminum-and
JTI-CS2-2016-CFP04-ENG-02-08agnesium alloys RIA 1,00gMTU

Small-Scale Spin Test for Hoop-Burst
JTI-CS2-2016-CFP04-ENG-03-3verspeed Assessment RIA 0,663RR
JTI-CS2-2016-CFP04-ENG-03-[Fuel injector coking IA 1,00gRR
JTI-CS2-2016-CFP04-ENG-04-Enhgine Control System 1A 0,500 Safran SMA
JTI-CS2-2016-CFPO4-ENG 8,563
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CS2CPWO2ITD ENGINE TOPICS

A 9 topics :
I WP2 (Safran AircraEnginesk its CorePartners :
4 topics
I WP3 (SaframkielicopterEngine}: 1 topics
I WP4 (MTU) : fopic
I WP5 & 6 (Rolls Royce amsiCorePartnerg : 2
topics
I WP7 (Safran SMA) : 1 topic
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CfP#4 1 Topics from SAFRAN Snecma and its Core
Partners

2 VBV actuators (LHS & RHS) for Ground
Demo High speed turbine performance improvement
2 VSV booster actuators (LHS & RHS) for through cascade tests

Ground Test Demo

Funding: 1,5Me

Funding: 1,8Me — . L
g Objectives: Cascade tests for subsonic and transaiitoil

Objectives:  Supply two variable bleed valve actuators and profiles consistent with higkpeed LP turbine
two variable stator vanes actuators for design.
UHPE Ground Test Demo including current The aim of the tests is to validate and
definition products and specific products improve performance of turbine blades by
that will be necessary due to the G6SadAy3 @ NR2dza O2y TA3dz
characteristics of UHPE Ground Test Demo. FNIQ AyadNHzySydalridAazya 9
Innovative design is required in order to meet required to capture unsteady phenomena
demo specification and to provide significant that were not taken into account in the past

weight savings and room benefit versus
existing standards
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