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Publishable Summary

1. CREAM Context

Cprr - Compact and reliable Electronic integrated in
o Actuators and Motors

The actual political, environmental and economitahds applied to air transport lead to
move in the future to the All Electric Aircraft (A48. The goal of this concept is to eliminate
as many hydraulic power sources and complicatexbitiof high-pressure hydraulic lines as
possible. Moreover the engine which is currentlguieed to produce thrusts, pneumatic
power, hydraulic power and electrical power mustrégesigned and optimised to produce
thrust and predominantly electric power.

Today, it is clear that reliable electric actuatare one of the technical bottlenecks for
realizing this ambitious technological vision of electrical aircrafts. The goal of power by
wire (PBW) is to significantly reduce or eliminaa#ogether the hydraulic connection and its
associated risks by providing electrical powerigitrato the actuators. However the maturity
of PBW technology is lagging behind. In fact thalrehallenge for the implementation of the
power-by-wire aircraft is the development of contpaeliable, electrically powered actuators
to replace the conventional hydraulic systems atigwthe replacement of all electrical
hydrostatic actuators by Electro-Mechanical Actumate EMA (flight control actuators,
braking system, landing gear actuators, propulsivarters, various pumps, various auxiliary
actuators).

2. CREAM objectives

CREAM project objective is to reach new high periance and reliability capabilities of
Electro-Mechanical Actuators (EMA) in harsh therraalironmental conditions ready to use
in all-electric aircraft.

For this global objective, it is targeted to deyelan advanced, smart, miniaturised and
reliable electronic technological platform integngt new compact technologies, advanced
components and assembly methods able to subshantigbrove the drive and control
electronic modules and the EMA motors in order to:

- Provide high power density and compact characiesisbof electronics modules
integrated in actuators or motors (reduction bgadr 2 of the electronic volume and
mass).

- Provide advanced new concept of thermal managewiethe electronic platform
allowing higher performances and reliability.

- Provide high temperature and compact motor foradots (reduction of 30% of the
motor volume and mass).

- Integrate the new electronic and motor platfornagtuator housing and a very severe
thermal environment (above 200°C) providing perfioigrthermal management.
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- Provide validation of aeronautic reliability in higemperature at least at the same
level than existing hydraulic systems (50.000 hpuard even better (100,000 hours)
with health monitoring functionality.

3. Cream project organisation

CREAM proposes an ambitious technological reseandgram allowing to develop and

validate a number of various emerging sub-compaedckaging and motor technologies
and to integrate them to a high performance smiattrenic and motor technological

platform destined to electric actuator preparatiime project is divided in 4 technical Work
Package (WP).

) Cantrol electronic

) Power drive electronic

Innovative Actuator Mechanism
with high integration of motor,
bearings and roller screw

developed by Sagem

Control electronic technologies :

* high temp substrate (LTCC,HTCC) ; :
@ » LT process nanoscale joining W £
« high temp protections e i

= 501 and asgic integration

* high femp substrate

+ LT process nanoscale joining

+ high teamp intagrated curant sensar
« Si¢ Powear part

State of the art Generation 2

future aileron actuator (2009)
Target weight /vol : 125 kg/6 |,
reliability 40000h, Temp 85°C
under development in Sagem

Power electronic technologies» ' e E _@
o

@ High temperature Reliability »
evaluation program research
Motor mass & volume reduction and temp increase

Compact control
@ and Power drive )
electronic MCPM
* higher density magnetic material
+ Moter power optimization

Future CREAM EMA tech nology « New motor concept {Variable reluctance)

future aileron actuator Target weight/vol : 9 kg/41, Electronic, motor and mechanism integration concep
reliability =50000h, Temp > 150°C

CREAM technology applied to flight control actuator and developments in the different WP

- WP1 (Specifications)is oriented to the better understanding of thelhanvironment and
the complex validation plan to ensure the best emgntation of the new actuator in
aircrafts.

- WP2 (Multi-Chip Power Module, MCPM Design) is the core development of the
CREAM project and will lead to the creation of thew electronic part of the actuator.
This workpackage is divided in 4 sub-workpackages.

- WP2.1 refers to the technical coordination of tadivity and all developments of the
MCPM global packaging (electronic interface, glopatkaging and integrations between
modules).

- WP2.2 refers to the development of a new power neofitw the actuator including power
components interface with the control module arel dbmpact high temperature power
packaging.
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- WP2.3 will develop another electronic module detidato the control of the actuator for
high temperature applications.

- WP2.4 deals with the reliability of the electronitevices developed, including all
assemblies’ technologies and reliability of the wled integration.

- WP3 (Actuator Global Integration) is dedicated to the development of a new motor for
this generation of actuator. New technologies, @s magnetic materials or new motor
control method, will be evaluated to improve thaator.

- WP4 (Technological platform validation) aims at validating the new actuator to perform
the Technological Readiness Level expected.

- WPO and WP5 deal with project management and dissemination,loégggon and
standardisation aspects.

4. Main results achieved so far

In the first half of the project, the consortiunheved the main following objectives:

- Identify the application of CREAM, decline the higvel objectives of the project to the
EMA sub-assemblies (WP1)

- Set-up the technological research program of CREMWW1) and execute it in connection
with the sub-assemblies concerned (WP2.1, WP2.2.8YRVP3)

- Develop specific high-temperature components optiogect (WP2.2, WP2.3, WP3)

- Specify the sub-assemblies of the EMA (WP3) and MC®VP2.1) and refine their
interface and design the subassemblies (WP2.1, 2VIAER2.3, WP2.4)

WP1

The application selected for the technological fptat is an EMA for flight control
application (aileron) with additional environmentainstraints to remain in line with the high
temperature objective of this project. (D1.1 and2)1

The construction of the technological roadmap & firoject(D1.3) was also a major
objective of this first period. Technologies to &ealuated have been selected accordingly
with the requirements analysis on the EMA anduts-assemblies.

Milestone DMP1 (Decision Making Point n°1) took ggain April 2010.

Most tests planned in that program have been cawig. They will permit to select the
technologies to integrate in the demonstrator. Milestones DMP?2 is supposed to formalise
this choice. The corresponding review has not lpp@med yet due to delay in the packaging
research activities but the objective is to haym#sed before end of May 2011.

From the system requirements on the demonstratoDdr2, a validation plan of the
technological platform has been defined (D1.4).

WP2: Electronics

A kick-off meeting of WP2 took place in April 201&d by HISP. The architecture of the
MCPM is now defined (D2.1.1). Several problems iotjpey the feasibility of the MCPM as
defined in the DOW were identified and have beenesbone by one. The design of the
subassemblies of the MCPM has been progressing ells Whe design of the power
electronics (D2.2.1) and of the control electror{id2.3.1) are now finalised (with 3 months
delay). Nevertheless, the design of the criticataf these modules has been frozen in order
to secure the global planning of the project.
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The technological research associated to this VéFbban carried-out and some of the results
have already been discussed between partners.

WP3: Motor

Independently from paper analysis and simulationsaa optimised global architecture
according to several criteria (done in D3.1), itagreed that the demonstrator will be an
assembly of two blocks integrated together: a meichhblock containing the actuator (linear
roller screw), the motor, some sensors and othecharecal interfacing mechanical
components and a physical block (optimized in vaumeight, reliability etc.) containing the
MCPM.

The main reason for this architecture selectedhferdemonstrator is the reuse of an actuator
(roller screw) developed by Sagem on a former ptogs well as the other components
mentioned (only the motor is developed in CREAM;jgcb for the electro-mechanical part).
No optimisation on this design was possible nonpéal on this roller screw and other parts,
which leads to constraints on the design of thelraeical block of the EMA.

For the same reason, the mechanical block of thé EM not withstand high temperature
cycles because of the design of this roller scrad @ther parts not compatible with harsh
temperature environment. This will lead to foredagh-temperature tests on the MCPM and
motor on one side and “low temperature” tests efglobal EMA on the other side. Of course
functional tests of the global EMA “all in one” as#ll forecasted.

A first prototype of the motor has been built ahdrinal analyses and simulations have been
performed. A significant work has been performeavalt on innovative control algorithms.

WP4: Validation
The kick-off meeting of the validation activitiesok place in June 2010. Validation strategy
has been put in place and the development ofdesities have started.

WP5: Dissemination/Exploitation

No major actions of dissemination took place sitiee project is still in its early phase with
few concrete results to communicate on. Neversisela few publications related to CREAM
were already done. The plan for use and disseroméats been established.

5. Expected final results

The following technological outputs of CREAM prdjewill lead to further economic

impacts:

- Reliable *“application-ready” high-temperature elentc modules: Establishment of
European know-how in the field of high-temperatelectronics,

- Successful development of high thermal conductiatenials with high thermal stability:
Such materials are of interest in many areas wiadiedble cooling is a topic,

- A new technology & design for measuring currenthiarsh environment, reusable in
various sectors,

- High temperature & compact motor controller: foesapplications in valves and pumps,

- Reliable EMA actuators in hard thermal environmergduced operational cost for
maintenance.

Immediate benefits derived from the wider applwatof electrical power and electronics in

actuation include higher performances and religbilbbenefits of overall weight reduction,
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easier maintainability, reducing operating costel(iding reduced fuel burn) and enhanced

safety.

Europe needs to answer rapidly to USA investigationorder to remain competitive in the
challenging aeronautic market. CREAM project wilihthe European aeronautical industry
in the strong competition between Europe and USREEM is able to establish the
credibility of electric actuation as a primary addle method for aircraft actuators including
flight critical control surfaces, by integratingniovative concepts and sub-systems and

reliability testing methods.

Address of the project public website:
http://www.creamproject.eu

Coordinator contact:
Paul Vassy: paul.vassy@sagem.com

PARTNERS

Order Partner

1 Sagem

2 Hispano-Suiza

3 SEMELAB PLC

4 Austrian Institute of Technology (until th& af October 2010)

15 RHP Technology (from thé'bf October 2010)

5 Ecole polytechnique Fédérale de Lausanne EPFL
6 Advanced Silicon S.A.

7 Liaison Electro-Mécanique SA

8 CISSOID S.A.

9

Fraunhofer Institute of Integrated Systems andd2e
Technology

10 Technological Educational institute of Piraeus
11 Naturen Industrial, Informatics and Trading Ltd.

Joint Stock Company United Aircraft Corporation

13 Rotech Engineering
14 Alma Consulting Group S.A.S.

Country
France
France
United Kingdom
Austria
Austria
tz&wand
Switzerland
Switzerland
Belgium
Germany

reg¢se
Hungary

Russian
Federation

Greece
France
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