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Swedish Aeronautical Innovation

Industry in general:
* Over 12,000 employees

» Aturnover of more than 2.2 billion Euro per year
— Objective 2050: 4 billion Euro per year

« SME turnover of more than 50 million Euro per year
— Objective 2050: 250 million Euro per year

« An export share of some 70 %
— Objective 2050: 90 %

» Swedish components in more than 90% of all new civil
aircraft/engines




Swedish Aeronautical Innovation

Innovation coordination: Innovair

* One of the first six strategic innovation programmes (funded by
Ministry of Enterprise and Innovation and Ministry of Defence)

» Both civil and military applications

» Coordinates and supports all stakeholders:
» Low—mid—high TRL (academy-institutes—industry)
» Public sector (end users, governmental agencies)
» Financial programmes

« Strategy for Swedish aeronautical innovation:
NRIA Flyg (2010-2013-2016—-2020)

« SARC - Swedish Aerospace Research Centre
« KTH (Stockholm)

* LiU (Link6ping)
« Chalmers (Gothenburg) INNOVAir

« LTU (LU|eé) THE SWEDISH STRATEGIC INNOVATION
PROGRAMME FOR AERONAUTICS

» Aerospace Cluster Sweden (SME focus)
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Strategic innovation agendas

* Direct Innovair activities and are produced
by the joint actors in collaboration.

* Produced every three to four years since
2010.

* Define long term strategic targets which are
fairly stable over time

e ...och short term goals that are continously
updated.

* These cover civil and military aspects, from
regional to national, bilateral, and
multinational levels




Swedish Aeronautical Innovation

Internationalisation

« Multinational:
+ EU (Clean Sky, SESAR)
« EDA (MIDCAS)
« European Defence Fund
« NEURON
« ACARE (EREA, ASD, EASN, ...)
« GARTEUR
* |IFAR

 Bilateral:
* Brazil
« UK
* Germany




Swedish Aerospace Research Center — a National
Research Network

SARC is a national aeronautical research centre hosted by Swedish
Universities and funded by Innovair, one of the first Vinnova strategic
innovation programmes.

Swedish Aerospace
19/01/2022 Research Centre



Background

* Increased international competition requires a more articulate process to

= ensure Sweden's competitiveness.

SARC

* A smooth running innovation system, from early research, through
demonstrators to products.

* There is an increased .y \
need for research at ot derelopmert weeeeeeeeeeeme el
low technology readiness
levels (TRL) at universities. Product demonstration -igliDP -

-15 years —10 years -5 years Now +5 years +10 years +15 years

19/01/2022 Swedish Aerospace Research Centre 9



The vision of SARC

To be the leading Network of Aerospace researchers in
Sweden, fostering collaboration among researchers and
graduate students, influencing aerospace policy and facilitate

funding for fundamental aerospace research.

~°

19/01/2022 Swedish Aerospace Research Centre 10
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SARC Collaborative project

What is the collaborative project? \

« Common platform for applied aviation courses and research

* Evaluate impact of new technologies (hydrogen, NLF...)

* Green regional air transport in focus

Pilot project for collaborative research

5B,
I I " EZKTHS LULEA
et o i?é&xznfr:x::g TEKNISKA
CHALMERS LINKOPING UNIVERSITY o UNIVERSITET

13/11/2020 Swedish Aerospace Research Centre 13



Conceptual aircraft design

CHALMERS

* Conceptual design initiated at D. Raymer’s course in Brazil

4

o * Basic assumptions to fit tank and TRL (40 pax, regional range...)

13/11/2020 Swedish Aerospace Research Centre 14



LINKOPING UNIVERSITY

Concepts R ll.ll

* Battery Electric Aircraft

e Fuel cell Electric Aircraft
* High pressure tanks

* Cryogenic tanks T
* Hydrogen burning in gas turbine

SARC Commuter Mission !g
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COLLABORATIVE UNMANNED
AERIAL VEHICLES
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Recent On-line event Nov 18-19 2021
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SARC-BARINET Aerospace Workshop, SBAW2021
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Person/Chairman Affiliation Topic email
(3 Day 1, Nov 18
12:30 Welcome and Introduction
12:30 Alessandra Holmo CISB Welcome alessandra.holmo@cisb.org.br
12:35 Petter Krus Liu Welcome petterkrus@liu.se
12:40 Emilia Villani ITA Welcome evillani@ita br
SE  Session A- Low Emission Fernando Catalano (ITA) and Tomas Grénstedt (Chalmers)
13:00 José Faundez Alarcon KTH Active control of boundary-layer instabilies josfa@kih se
13:05 Diego Audiffred ITA
Dynamics of the deployment of a Kriger high-lift
13:10 Stefan Wallin KTH device by numerical simulations within the stefanwi@mech.kth.se
UHURA H2020 project.
13:15 Pedro Bravo Mosqueira UspP Low fuel burn configuration
13:20 Fabicla Costa Chalmers Propeller performance and noise prediction
13:25| Round table discussion
13:35 Daniel Rosell Chalmers Military engine performance modelling and
13:40 Marcos Vinicius UspP Distributed electrical propulsion
Chalmers Conceptual modelling and design of future

13:45 Oliver Sjogren

13:50[Round table discussion

14:20 Break
Session B - Aeroacoustics Susann Boij (KTH) & André Cavalieri (ITA)

14:10
14:15 Gonzalo Montero Villar CTH Aergacoustics medelling for propulsion
14:25 Alex Sano ITA
14:20 Minai Minaescu KTH tﬁf\f;ﬁ”gﬁ:ﬁ:g'ocu:fi?:r:r;'ﬁggemwamres' mihai@mech kin se
14:25 Gabriel Gouvela UsSP $Slat noise control
14:30 Marily Thoma CTH Moise and emissions interdependency modelling
14:35| Round table discussion

SE
14:45 Break
14:55 Magnus Eek Saab System modelling and simulation at Sash
15:10 Dimitri Oliveira e Silva UFSC Electro hydrostatic actuator dimitri.oliveira@unifesspa.edu.br
15:15 Christopher Reichenwallner LiU Design perspectives for aircraft actuation systems christopher.reichwalner@liu.se
15:20 Artur Tozzi C. Gama UFSC Multi-mode actuators arturcantuaria@gmail.com
15:25 Ludvig Kngos Franzén Liv Ontologies for system of systems ludvig_knoos franzen@liu.se

15:30| Round table discussion

15:49| Fresentation of
""" | SARC-BARINET competition
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Day 2, Nov 19

SE Session D -Systems
Engineering and SoS

Emilia Villani, Ingo
a:

13:20

SE

14:10

14:25 Break

12:30 Christopher Jouannet Saab 505 at Saab
12:40 Josrge Lovaco Liv Fire fighter system modelling jorge.lovacoi@liu.se
12:45 Vitor Sant'Ana UFF Neuro fuzzy modelling of aeredynamics vitortsantana%4@gmail.com
12:50 Robert Hillgvist LiU/Saab Digital twin robert hallgvist@saabgroup.com
12:55| Round table discussion
13:05 Jens Alfredson Saab HMI at Saab Jens Alfredson@saabgroup.com
13:15 Karl Kindstrom Andersson Saab/LiUIFHS Design for system of systems l:ggpk[\:r;?romrandemon@saang
USP
13:25 Alexandra Oprea LiU/Saab alexandra.oprea@liu.se
13:30| Round table ion
Session E - UAY, {Roberto Gil da
Autonomous Systems and Al Silva, Fredrik
13:40 Fredrik Heinz Ly fredrik.neintz@liu.se
13:55 Andrew Sarmento ITA fvetgfr?sr (I e B e A andrew g p sarmento@gmail.com
" Hybrid/Electric Unmanned Aerial Vehicles
B S -4 Development at KTH Aeronautics — An Overview FuEiEiie
14:05 Danilo Sartori Alarcon usp A Reinforcement Learning Approach for eVTOL  danilo.alarcon@usp.br
14:15| Round table discussion
Session F - Aerospace Ola Isaksson,

SE Structures, Manufacturing
and Materials

Mariano Arbelo

15:20 Break

15:40 Lidia

14:30 Dan Zenkert KTH Shape Morphing Carbon Fibre Composites danz@kth se
. Defect based fatigue life prediction of additive
14:45 Vikior Sandell LTu manufactured titanium alloy viktor sandeli@itu se
14:50 Dante Krivizoff De Grandis ITA dantekdg@gmail.com
14:55 Olivia Borgue Ena\merﬁ‘ Qualification methodology for add(nive .
15:00 Felipe Ruivo Fuga ITA feliperuivofuga@gmail. com
15:05 Vivek Pakkam Gabriel T oiaisoCRca0 DO BRI vivek pakkam@itu se
composites
15:10| Round table discussion
SE Session G - Space Anna Shrwall
15:25 René Laufer LTU
15:45 Bernd Weiss LTu Re-use of space debris (business) bernd weiss@ltu.se
15:50 Student from Talita UFSC
15:55| Round table discussion
16:05 Margot Clauss LTu Re-use of space debris (tech) margot clauss@ftu se
16:10 Christopher student
16:15 Didun Obilanade LTU/GKN Project DYKAM didunoluwa.obilanade@liu.se

16:20| Round table discussion

[

16:30( Closing discussions
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For a sustainable
future...

RISE was formed to accelerate Sweden’s
innovation power.

Consolidation of >30 research institutes
and some 130 unique testbeds.

The RISE Mission:

... to be internationally competitive and
promote sustainable growth in Sweden by
strengthening the competitiveness and
innovation of trade and industry, as well

as promote the innovation and

capabilities of the public sector to

contribute to solutions to societal R
challenges in concert with trade and S
industry.”



Revenue 8

3396 | 5. 3/4

Income from public
financiers (MSEK)

< employer
MSEK
> ‘ (graduate engineers)

——

2025 A  43%

The year when RISE is

climate neutral Business income

5

129 177

Testbeds and
demonstration
environments

‘ Income from

EU projects (MSEK)

Alla siffror avser 2020.



RISE Research and Innovation

Bioeconomy Digital Materials and Built Safety and
and health systems production environment transport

Digitalisation

Energy and bio-based economy

) Sustainable cities and communities

Health and life science

Material transition

Mobility

Business & Innovation Areas

~

Research & Competence Areas

21 RISE — Research Institutes of Sweden

N



RISE Research in Aviation

Sustainable air of the future

Cyber Electrification \\a

Automation

security Digitalisation Sustainability \\
Autonomous
Security & Fuels Travel and transport airports

Safety \ \ patterns
Bio fuels

development Hydrogen . -
Airways and aviation
- Traffic control
Light weight

material

Airports, infrastructure

and logistics \ Airport for electric
airplanes

22 RISE — Research Institutes of Sweden S



Nordic Drone Initiative

The Nordic Drone Initiative:

* Aims to form a collaborative innovation platform
to gather relevant stakeholders to accelerate the
introduction of drone-based transport solutions.

* Led by RISE and consists of 16 partners from four
Nordic countries

* Funded by: Nordic Innovation

23 RISE — Research Institutes of Sweden




Aeronautical Research in Fossil Free Fuels

« Biobased fuels: Using forest-based products,
e.g. lignin, wood chips.

 Electrification: Prerequisites for charging
infrastructure and commercialisation of

regional electrified flight connections.

« Hydrogen: Storage and propulsion L}

ta B - o=t
24 RISE — Research Institutes of Sweden S



Projects in Hydrogen & Electrification

« H2JET: Development of key components for hydrogen-
powered aircraft engines

« LH2-Tanks: Design and manufacturing of demonstrator tank
for liquid hydrogen tanks

* Fossil free aviation in northern Sweden: An implementation
study that examines the conditions for flights with biofuels,
electricity and hydrogen

* Funded by: Energimyndigheten/Swedish Energy Agency

25 RISE — Research Institutes of Sweden S
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IntDemo
International demonstration

IntDemo Aricraft

« Aims to strengthen the Swedish aviation
industry's competitiveness in an
international perspective through the
development of demonstrators containing
new technologies, new methodologies and
new working methods

 Coordinator: Saab

* Funded by: Vinnova

RISE — Research Institutes of Sweden

rORMAS

[ X J
Energimyndigheten ~® ®

IntDemo Engine

Aims to develop more environmentally
friendly aircraft engines through rational
manufacturing technology.

The research focuses on three engine
modules, the fan, low pressure compressor /
intermediate housing, and the exhaust
module.

Coordinator: GKN

Funded by: Vinnova

N



AEROSPACE
CLUSTER
SWEDEN

Aerospace Cluster Sweden
The Gateway into the Swedish Aerospace Business

Sweden Innovation Days, Dubai, 220119

Fredrik Olofsson

www.aerospaceclustersweden.com
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AEROSPACE
Aerospace Cluster Sweden (ACS) E%JESJE&

o
Cluster with the goal to increase the business in the Aviation and Space arena

Focus on Small and Medium-sized Enterprises (SME)
In collaboration with the larger companies, academy and institutes.

. e g
-
5

. WWW.aeros pacecl ustersweden.com
u" - | ™ .‘*| ‘ 'm
AEROSPACE

R _ MED FINANSIERING FRAN Y« .
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SWEDEN /\/é; NORRBOTTEN Ostergbtland it y COTALANDSREGIONEN




AEROSPACE
CLUSTER
SWEDEN

= Approximately 50 members

= 3 cluster nodes
= Linkoping (East)
= Trollhattan (West)
= Kiruna (North)

ing‘
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ACS Areas of Business
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AEROSPACE
CLUSTER

EACP — European Aerospace Cluster Partnership SWEDEN

G Momurmmusn

43 clusters from . -
18 countries ® &

m +
45@% @
@ &t @
® éM\b{lASPACE (2) :l@
B
@ AViaTy, .M‘M‘mmﬂ'
)
: R Ler o
AR (@

| R
" ane www.aerospaceclustersweden.com
a . o et Lok ,

MED FINANSIERING FRAN
éESg'?Eé a5 /\0/ Y/, REGION Region y Yﬂ VASTRA
SWEDEN L... NORRBOTTEN Ostergétland vt y COTALANDSREGIONEN




AEROSPACE
CLUSTER

Contacts - The Gateway into the Swedish Aerospace Business SWEDEN

o ’ ~ .
N
i = e
0, - =~
. o
! S
Y -
¥ l, o ’._ -
A 5 ;
)
| ‘

Fredrik Olofsson Goéran Berlemo Leif Johansson Olle Persson
CEO Cluster Manager East Project Manager ACS Boost, Project Manager RIT2021
fredrik@aerospaceclustersweden.com goran@aerospaceclustersweden.com Cluster Manager West Cluster Manager North
leif @aerospaceclustersweden.com olle@aerospaceclustersweden.com

www.aerospaceclustersweden.com
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GKN Aerospace Overview - September 2021

GKN Aerospace - An overview

e —
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~£3BN — GLOBAL
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* 2020 Sales - £2.8bn \ - )



Engines — One of three Business Lines

35

Serving three different Aerospace Markets

Headquartersin Trollhattan, Sweden

Engines Sales
2021 - $1.2b

~4,000 employees

Civil OE
38%

Defence
33%

Civil
Partner in 70% of all active

aircraft engines on the
market

Independent Partner with all
major OEM’s

OE & Aftermarket

Defence

OEM for full engine (RM12)
world wide supplier of product
support (technical and MRO)

Partner/Supplier in sub-
systems and components

Significant content on F135

Adjacent

Long term Partner in the
European space community

Partner with Engine OEM’s
on IGT derivatives

Synergy with Civil & Defence




<IN >
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90 % of all modern large

. e
airplanes have components <\ Y e
from GKN Aerospace \ \

Fan/compressor Turbine
structures Sl structures

(/ b LPT Cases
— Combustor

mpressor TRk
Compress structures

rotors




> All fighter engines to the Swedis ﬂ
since 1930 b

> Today we keep the global JAS 39
available and safe, at all times

> Partner in Europe’s Ariane launcher
providing engine sub-systems since

37
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Strong Research and Development

Hogskolan Vast
Manufacturing techn.
Chalmers
Aerodynamics

Heat transfer

Design methods

RISE SICOMP "\ |\

Composites

Skovde University
Logistics

Lund University
Combustion
Electric hybrid

Lulea University
Virtual manufacturing
Metallics.

RISE SICOMP
- Composites

FOI
Aerodynamics
KTH
Aeromechanics

Linkoping University
Solid mechanics

_ Blekinge University
Eco-design

Darmstadt University
Graz University
Fraunhofer, Aachen
Oxford University
Cranfield University
MTC, Coventry

DLR, KdIn

NLR

University of Conneticut

GKN Aerospace in Sweden is the global
technology centre for Engines

R&D budget approx. 800 MSEK/year
Approx. 600 R&D engineers
More than 60 ongoing Ph.D. projects

The Swedish model is based on cooperation and
open innovation arenas. We cooperate with a
large R&T ecosystem in Sweden and
Internationally



Business Driven Technology Development

39

Product
Applications

Verified
Technology

Development
Programs

International
Collaborations

Potential
Technology

| | | .wl | | | | | lll | | | | | >



European Technology Partner

Long term core partner in European Technology programs; Clean Sky 1 & 2

Founding member of Clean Aviation
Development and demonstration of innovative solutions for best value in

partnership with our customers C‘ S k
e ' N o - g
\ & e




- 30% weight

—

H2G=AR

Some examples of products and
projects toreduce CO, emissions

-15% weight +200°C  Clean Sky 1: in total -32% CO,
Hydrogen

High pressure pump Cold hydrogen in
, _— ombustor
s A
el
- "y

N
H2J=T S |
N

Low pressure Hydrogen preheaters

ENABLE H2 compressor (integration with engine structures)

41
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Large-scale Additive Deposition

Replacing forgings by near net additive parts

— Saves 600kg titanium per part

— Buy-to-fly 7.5=> 1.5
— Less environmental impact — est. 68% less CO, emissions

"GREEN!
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Innovation IS
our business

GOran Bengtsson

Saab AB, Aeronautics,
Strategy and Business Development




Company overview — 2020

35.431

MSEK







Saab — Innovation from necessity

 Founded to meet Sweden’s defence needs

« Small, neutral country with great needs +
limited resources = innovation

« Acquisitions strengthen innovation;
including activities of Alfred Nobel (Bofors),
Sensis, Ericsson Microwave and Kockums’
shipyards

* On our journey we created Sweden’s
computer, missile and space industries
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More than 80 years of experience
and over 5500 aircraft built

>5500

« A company with aircraft design and production at its core Aircraft built
» Platform, systems, sensors and integration experts

» A product portfolio that contains:

» Advanced weapon systems
« Underwater systems
« Command & control

1 S

 Aeronautics

* Sensors

More than

80

years of
experience



Recent innovations — Gripen E

» The cockpit further develops the Saab principle of
sensor fusion and decision support towards the
pilot.

» Defines the future in Electronic Warfare (EW)
systems on fighters by its complete highly
integrated EW suite.

« Eliminates the need for costly and time
consuming updates of the Flight Control System.

* New ways of working, internally and with
suppliers, reduces production cost significantly.




50

New complete solution — GlobalEye

*  Multi-role, swing-role solution across

air, maritime and land domains

« Arevolution in high-performance,

long-range sensors

»  Single platform, multi sensor, multi-
mission




Strategy for innovative solutions

« Come closer to customers in key markets
« Develop innovative solutions in priority areas

« Continue to improve efficiency in product life
cycle

« Use systems integration knowledge
 Research collaborations

« Strategic partners for disruptive innovations
and technologies

« Continuously develop leaders and employees




Innovation in triple helix collaboration

* |nnovation contributes to national
economy growth

» Triple helix is an innovation system
that fosters results by joining forces Government
between the stakeholders

» Coordinates strategic directions,
programs and funding for
technology paths in technology

areas of joint interest

_ Industry Academia
 Combines and spreads

technologies that generate new
formats for production and transfer
and application of the knowledge
base in dual use and multiple use




Triple helix in action — Aerospace

* Innovair is a strategic research area with a
national agenda and a strategic research program

* Innovair bases activities on forums, research
networks, technical clusters, demonstrators and
arenas. They are closely co-ordinated with the
National Program for Aerospace Research.

« Innovair and individual actors joins forces in both
domestic and international triple helix contexts
where cooperation are mutually beneficial.

« Demonstrators are important to handle the middle
technology readiness levels costs, risks and
uncertainties, maintain and build competencies
and share the higher investments at this stage.




Saab Roadmap INNOVAIR

Product
application

Fulkscale

Development
Programs and
Demon-
strators

SESAR SESAR2
ITI *Clean Sky" JT1 “Clean Sky 2*

ALCAS COALESCE2 LOCOMACHS

5
=
£
!

International

MOET NEFS A2015 ASHLEY SHBRA
SCARLETT ALICIA
CRESCENDO  Triple use
NFFP3 NFFP 4 NFFP 3 NFFP6 ™73 NFEFT " P

Basic Technologies echnology

National
programs

2005 2010 2015 2020 Time




ICAS 2022

33" Congress of the International Council of the Aeronautical Sciences
4-9 September 2022

Deadline for submitting abstracts: February 10
For updates, see: www.icas2022.com
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http://www.icas2022.com/

