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Foreword

Bavarian e-tonomous AIR Mobility:

BeAM

Mobility is a central fac-
tor in the competitive-
ness of urban areas. The
further development of
our transport system is
therefore a major chal-
lenge. We need to im-
prove existing means of
transport and, at the
same time, enable their
seamless integration with
new traffic systems. Air-
borne systems will play
an important role here.
What used to be a vi-
sion of the future is now
taking shape. In future,
environmentally-friend-
ly “air taxis” will fly
(semi-)autonomously with

electric propulsion sys-

tems. It is important for
Bavaria to be able to
compete in the global
marketplace. We have
the right foundations in
place for this. We have
excellent research facili-
ties and innovative com-
panies at the cutting
edge of many of the
technologies on which
such flying systems are
based. “Air taxis” will be
a focal point in which
key technologies can be
bundled and from which
new business fields can
be developed. The Ba-
varian Air Mobility Strat-
egy 1s geared to creat-
ing optimum conditions

for industry and research.
We will open up test
markets, conduct feasi-
bility studies and estab-
lish a legislauve frame-
work. We are support-
ing the development of
electric and autonomous
flying in Bavaria through
the “Bavarian Aeronauti-
cal Research Programme”.
The special publication
“BeAM” 1s to provide

further momentum!

£

Dr. Markus Soder

Minister-President of Bavaria

s



Editorial

No area of technology is changing
mobility as much as electrification
and computerization. This trend has
also reached aviation.

The automotive industry’s activities
in this sector, the air-taxi hype and
the idea of urban air mobility have
accelerated in a way that we are not
used to 1n aviation.

Bavaria is a centre of this new mo-
bility. This 1s due to the leading uni-
versities and large high-tech compa-
nies based here, some of which, like
Siemens, Airbus and others, got in
on this development at a very early
stage. The numerous experienced
medium and small aviation and aero-
space suppliers in Bavaria, who over
decades have learned to supply avia-
tion-quality components, are an

added bonus.

One thing is clear, even if more and
more eV TOL prototypes have taken
off in the last few months: There is
still a long way to go until your aver-
age passenger will be able to fly to
the city centre in an eV TOL air taxi.

In the conventional electric aircraft
sector, the series production of
many prototypes 1s getting closer or
has already been achieved. The most
well-known major problem 1s bat-
tery capacity. As in other areas of

UAM Step by step to success

transportation, available power stor-
age limits the success of e-mobility.
But there are even more areas that
are equally important for the success

of electric aviation and especially
eVTOL:

1. The certification of electric,
eVTOL and autonomous aircraft:
In different parts of the world, the
aviation authorities (EASA, FAA,
CAAC ..) are working on very dif-
ferent approaches. Europe, espe-
cially Germany and the Czech
Republic has e-planes and eV TOLs
that belong to the ultralight class.
Increasing the take-off weight
from 450 to 600 kg has helped to
integrate the weight of the batteries.
In the USA, the current plan is to
integrate eV IOLs into the LSA
class as LSA-eVTOLs. This will
take some time, however, since the
new version of the LSA rules has
to pass through Congress.

2. Operation: In addition to the
approval guidelines for the aircraft,
the operating and maintenance guide-
lines must also be completely re
written and then approved. Almost
all leading manufacturers such as
Airbus, Volocopter and Embraer
are currently not only working on
their aircraft, but also on systems
for flight operations with such
aircraft. A completely new air traf-
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fic management system (ATM) will
also have to be developed for air
taxi operations, because the exist-
ing passenger aviation system can-
not achieve this conceptually.

3. Infrastructure: The majority of
infrastructure already exists for
conventional electric planes becau-
se they can continue to use the
existing runways and airports -
only the charging stations need to
be integrated into the existing
infrastructure. This can also pose
problems in individual cases: The
necessary capacities require new
cables to be laid as well as, if neces-
sary, intermediate storage. But these
are small problems compared to the
eVTOL situation. These still pose
many unanswered questions: How
will this new infrastructure be
implemented? Who will build it
and who will pay for it? Since this
traffic is to occur in densely popu-
lated cities, potential partners for
the eVTOL industry may include
car park operators, but perhaps also
the operators of various train sta-
tions in urban areas. The latter
would also have experience in pro-
viding  electrical
because the building structure 1is
only part of the problem. Plans for
the new electricity infrastructure
are currently being finalized in
many cities and countries. Last but

infrastructure

not least, e-mobility for cars has
made new planning inevitable. If
aviation is not careful, the new net-
works could be installed without

planning the energy required for
UAM and eVTOL.

4. Public acceptance is another
issue concerning electric flying.
After all, no new aviation technolo-
gy will be successful unless it is
safe and accepted by the public and
politicians. This ranges from fear
of the danger posed by certain bat-
tery types to acceptance of autono-
mous vehicles on the ground or in
the air.

Taking all of this into account, it is
that forecasts by some
manufacturers or operators who say:
»~We will start transporting passen-
gers with eV TOLs in 2 years“ are
very naive.

obvious

To transport passengers commercial-
ly, the aircraft will have to be ap-
proved by civil aviation authorities such
as the EASA. So far, with the excep-
tion of a single glider, there has not
been a single certified conventional
GA aircraft with an electric motor,
nor has there been a single fully cer-
tified GA aircraft with pure “fly by
wire” control. Yet both components
are indispensable for every eVTOL.
Therefore, no eVTOL even comes
close to being certified currently.

The expectation 1s for conventional
tixed-wing aircraft to take up flight
operations: first in training opera-
tions and then as an air taxi, an e-
commuter, specifically from airport
to airport. Many components such as



batteries, electric motors as well as
and autonomous
control systems that are used in these
electric aircraft are essential for
eVTOLs. Conventional e-planes are
therefore an ideal test field for these
technologies. The same applies to the
high-voltage charging structure. After
all, on the long journey to autono-
mous eV TOLs, it makes more sense
to start by taking one step at a time
than to make a big leap.

semi-autonomous

Bavaria not only has leading manufac-
turers in the field of eVTOL or aero-
space suppliers, but also those work-
ing on electrically
powered feeder aircraft. Rolls Royce
Electric (formerly Siemens eAircraft),
the leading manufacturer of aircraft
electric engines, 1s also based here.
Bavaria has an additional advantage:
Bavarian car manufacturers, for exam-
ple Audi, are interested in a technolo-
gy crossover between ground-based
and air-borne autonomous electro-
mobility. An example of this is the
test area currently being built around
Ingolstadt where both autonomous
driving and autonomous flying are to
be tested. This area 1s supported by
the city of Ingolstadt, the Bavarian
State Government, Airbus, Audi and
many other industrial partners. An-
other test centre for Electric Air
Mobility is being built in Oberpfaf-
fenhofen, where Lilium, AutoflightX,
Quantum Systems and the "Technical
University of Munich, a number of
companies, work and are waiting to
carry out the first autonomous flights.

c-commuters,
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A global market volume of § 75
billion for emission-free passen-
ger transport by air taxi is expect-
ed by 2035. Added to this is the
growing market of UAS (Un-
manned Aircraft Systems drones)
in various sizes. The majority of
the business potential and thus of
workplaces lies in applications
and services in which operations
are done Beyond Visual Line of
Sight (BVLOS).

The Bavarian State Government
has committed to this growing
future field and is promoting
development and application.
Bavarian companies and research
institutes are at the forefront of
technology today, but are now
required to implement and ex-
tend this lead in practical applica-
tions. technologies
increasingly need realistic appli-
cation For this we
need several well-equipped test
fields in Bavaria and Germany.
This was also formulated by the
BMVT’s
Advisory Board and recommends
coordination
First small funding projects with
Bavarian participation have al-
ready started.

bavAIRia, the Bavarian Aero-
space Cluster, has been working
with its UAS Forum on the fur-
ther development of this promis-
ing future technology in various
test areas for over six years. The
Oberpfaffhofen Research Airport
is already involved in the trials
and offers the best conditions for
realistic tests. The start-up friendly

The new

scenarios.

Unmanned  Aviation

in various areas.

Minister of Economic Affairs Aiwanger speaking at an exhibitor's stand at the 12th UAS
Forum in Oberpfaffenhofen u

eco-system around the Ober-
pfaffenhofen Campus, which has
grown rapidly in recent years,
now needs to be further developed
quickly.

L h nded T
ield for the Unmanned-/
Electric Flying (TUEF,
in Bavaria
‘With the expansion to a pilot region
for Urban Air Mobility (UAM/Air
taxis) and testing in real application
scenarios for UAS, the following
goals are pursued:
= Further development of stand-
ards, regulations and approval
processes
= Development of technologies
and processes
« ‘Testing and verifying inside and
outside the visual line of sight
(VLOS)
= VLOS / BVLOS operation in
the EDMO control zone
(CTR)

= BVLOS operation in a corridor
up to 60 km

= Use as a SORA test range for
standard scenarios

= testing of integrated air situa-
tion display (U-Space)

s Useasa4G /5G / 6G / SatCom
test environment

= Use for customer presentations
and training

= Testing drone defense scenarios

At the same time, the expansion
of research and teaching is being
promoted together with TUM /
DLR at the AIR Campus Ober-
pfaffenhofen. Coordination takes
place with a planned lighthouse
projects as part of the High Tech
Agenda Bavaria and with the
European project Urban Air
Mobility Ingoldstadt m

Benefi he proj

With TUEF-Bayern as test area -
Bavaria and Germany quickly
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Several bavAlRia UAS forums each year
bring the Bavarian UAS community
together m

have the opportunity to try out
existing product and business ide-
as and to test new approaches
with research support from TUM /
DLR. Building on the good con-
ditions, the Oberpfaffenhofen
Research Airport (OPF) with its
numerous start-ups in the area of
unmanned-/ electric flying, which
are already located in the imme-
diate vicinity, is ideally suited as a
pilot zone. The involvement of
the relevant industry and research
institutes is coordinated, short
routes to the air safety and licens-
ing authorities and the national
drone advisory board of the
BMVI are ensured. The high
level of attractiveness shows the
ongoing settlements of compa-
nies in the past year. The best
conditions have been created for
further settlement requests. m

Next steps
We are currently collecting and

analyzing the specific require-
ments of existing and future

Local politicians gather information at
the 12th UAS forum from users of the
TUEF Bavaria test center m

bavAlRia eV.

Special Airport Oberpfaffenhofen
Friedrichshafener StrafSe 1
D-82205 Gilching, Germany
T+49 8105 272927-0.
info@bavAIRia.net
www.bavAlRia.net

bavAlRia, the Bavarian Aerospace Cluster is representing since 2006 over 300 mem-
bers (75% are SME) in the field of Aerospace in Bavaria. It is located in Oberpfaffen-
hofen, near Munich, Germany. The overall objective is to foster the cooperation be-
tween industry, small and medium enterprises (SME), universities, research institutes
and politics and improve the overall international competitiveness of this sector.

A

bavAIRia

Evrope's heart of seroepacs
and nav gation

users. On this basis, the invest-
ment planning for the expansion
of the capabilities is built up. The
preparation of a safe airspace

Exhibition booth bavAlRia at Paris Air-

show 2019 with J. Heitzmann, A. Gundel
(Executive Board) P. Schwarz (Managing
Director) Team C. Labitsch and E.V.
Lauschner

(corridor) for BVLOS flights
over 60 km in length is ongoing.
BVLOS flights can already take
place to a limited extent today.
Safe integration into normal air-
space will have top priority. This
also requires dynamic air situation
displays, including the integrati-
on of the low-flying test aircraft/
UAS with new technologies such
as LTE, 5G and other modern
tracking methods. Further test
flights of air taxis from various
manufacturers, cargo drones and
other applications according to

new European standard scenarios
are planned. A new landing pad
for air taxis for research purposes
is currently being created with
the support of the BMVI and a
project application for redundant
communication with drones in an
integrated air traffic display has
been submitted. bavAIRia will
take over the coordination and
project management in this project
and invites all interested parties
from Bavaria and neighboring
countries to take part. The shared
use of investments, jointly coor-
dinated funding from the federal
and state governments and the
exchange of experience bring us
closer to the goal of safe use of
unmanned and electrical aircraft. m

Contact:

Dipl.-Ing.
Erwin V. Lauschner

Special Advisor
bavAlRia

Dipl.-Ing.
Peter Schwarz

Managing Director
bavAIRia

Special Airport Oberpfaffenhofen

Friedrichshafener Strafle 1
D-82205 Gilching, Germany
T+498105272927-0
info@bavAlRia.net
www.bavAlRia.net




Flight!System

The paradigm shift from design assurance to
performance-based safety assurance

TUM Minchen

“Flying to buy breakfast in a
bathtub (Mit der Badewanne zum
Bicker)” - using this phrase, a
group of tech-kids calling them-
selves “Real-Live Guys” have
published a video where they
turned an old bathtub into a real-
ly flying manned multicopter
which takes them to the bakery
to buy their Sunday breakfast.
This clip impressively proves - if
you really want, you can build
your own flying device. Gone are
the times where people had to
look up and admire government
funded muld-billion Euro aero-
space projects — now it‘s every-
body‘s turn again! Looking at
drones that becomes even more
obvious - a multitude of open
source projects like PixHawk or
Ardupilot and excellent books -
more and more written by Asian
authors - are moving design,
construction and testing of excit-
ing flying vehicles right into kids
rooms.

“Model aircraft building has been
there forever” is the sentence that
traditionalists would immediately
use to counter at this point -
however, particularly over the last
15 years the new developments
allowed many to turn their hob-
bies into a profession, a stable
basis for a prosperous and self-
employed future. The revitalization
of the aerospace landscape with a
wealth of Start-ups around unman-
ned, electric and urban aerial mobili-
ty bears an enormous chance of cre-

Fig.1: eVTOL AutoFlightX V600 u

ating new high-tech jobs. This
new aerospace is coupled much
tighter to other industry domains
than classical aerospace. Robotics,
automation, electric mobility, digi-
talization, navigation and com-
munication, machine learning,
artificial intelligence and additive
manufacturing are key enablers
for all industrial domains includ-
ing aerospace.

However, safe and reliable opera-
tion is the prerequisite for sus-
tainable success of this new kind
of aerospace and also the needs
of uninvolved people, e.g. with
respect to privacy or noise need
to be considered.

Here, not only regulations and
legislation come in to play but
particularly the question how to
meet the requirements and how
to prove their compliance. Those
requirements need to guarantee
certain basic properties on one
hand side, on the other hand,

they need to be solution agnos-
tic. Classical aerospace individu-
ally addresses the airplane itself
(airworthiness), operations, ope-
ration organization and person-
nel. For many of the new applica-
tions these aspects get closely
together and therefore may no
longer be considered separately.
Looking at the airplanes from the
first century of flight, they all look
similar - fuselage, wing, engines
and most with an empennage - a
very limited set of basic compo-
nents and configurations. That
high level of similarity allowed to
achieve a high level of safety by
dedicated design requirements.
The learning curve was mainly
built on past accidents and inci-
dents.

Considering the multitude of
configurations for the new aerial
systems, it becomes obvious that
uniform component-oriented de-
sign standards will not be capable



TUM Minchen

13

Fig. 2: AUTEL Dragonfish =

of successfully covering the
wealth of new topologies as well
as the fact that now many com-
ponents have to serve different
purposes and contribute to dif-
ferent functions simultaneously.
(Fig. 1 and Fig. 2) For that reason
a shift in paradigm is visible in
the certification strategy for
those types of vehicles - from
design assurance to safety assur-
ance, replacing specific compo-
nent design rules by safety and
performance objectives, for which
compliance must be demonstra-
ted (Fig. 3).

Especially when safety objectives
are of probabilistic nature, mean-
ing if the admissible probability
of an adverse event to be allowed
to happen depends on the sever-
ity of the consequences of its
occurrence, it is hard to predict
the actual probability of occur-
rence. This is particularly true, if
the event does not result from a
component malfunction or failure
(for that case, well-established
safety analysis methods and stand-
ards are available in aerospace),
but from an adverse combination of
various parameters (external disturb-
ances, weather parameters, toleran-
ces, sensor uncertainties). For such
cases, only very few methods are
available allowing statistically signi-
ficant and valid predictions of the
probability of occurrence at accep-
table computational cost.

At this point, the Institute of Flight
System Dynamics of Technische

Universitit Miinchen contributes
via both, development and re-
search projects and is readily
available as a project or develop-
ment partner. Every time when
novel systems are developed, for
which little prior knowledge
exists and which are not follow-
ing an evolutionary learning
curve but are implemented as a
disruptive solution, the methods
presented here provide great
benefits.

Model-based design is at the core
of the methodology that forma-
lizes requirements to
become unique and verifiable al-
ready before the actual develop-
ment commences, allowing an
early simulation of the desired
behavior of the later product.
"This must not be confused with a
prototype simulation - an “exe-
cutable specification” of the tar-
geted behavior is an innovation
which is non-standard to date. It

textual

allows a quantitative validation
oft the requirements and a data
and physics driven derivation of
requirements for systems, subsys-
tems and components that before
were rather based on learning
curve, experience and subjective
engineering judgement. (Fig. 4)
Textual requirements are cap-
tured in Siemens Polarion and
directly linked to their fomalized
counterparts (specification models,
assessment models, test proce-
dures, test cases and later proto-
types) that are all implemented in
the MathWorks Toolchain (Mat-
lab, Simulink, Stateflow, etc.)
This linking ensuring bi-direc-
tional traceability is provided by
SIMPOL, a software developed
at the TUM Institute of Flight
System Dynamics. The software
which can be freely downloaded
from the institute homepage
does not only provide bi-direc-
tional linking of the artifacts but
also enforces consistency and
actuality of the links.

Physical parameters contributing
to the system are no longer treat-
ed as constants but as uncertain-
ties parametrized by arbitrary
probability distributions (in con-
trast to fixed intervals). To assess
designs with respect to meeting
probabilistic requirements, the
probabilities for violating inequa-
lity constraints need to be deter-
mined for comparison with the
admissible thresholds. The chal-
lenge is that the target probabili-

Amendment 4 (Juli 2015)
131 Seiten

A

Bauvorschriften

~Design Assurance"

FAAFAR 23-63
377 Regularien

Paradigmenwechsel
Safety Assurance*

Amendment 5 (Mirz 2017)
33 5eiten

Leistungsziele

FAAFAR 23-64  +Industrie-
71 Regularien standards

I Die EASA hat im Juli 2019 die SC-VTOL fiir Elektrosenkrechtstarter veroffentlicht I

Fig.3: Paradigm Shift in Certification u
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Fig. 4: Utilization of Models in the Development Process u

ties are very low whereas the
uncertainty space is high dimen-
sional and the involved system
dynamics nonlinear. Due to these
nonlinearities and the fact that
many uncertainties are non-
gaussian, expectancy and variance
cannot be propagated linearly.
Classical Monte Carlo methods
might be suitable in principle but
due to the low target probabili-
ties and the high cost of s single
function evaluation, it is infeasi-
ble to perform the number of
simulations required for statisti-
cally relevant statements on a
reasonable confidence level with-
in a manageable computation
time.

Therefore, new ways need to be
found - the available toolset of
the Institute of Flight System
Dynamics consists of so-called
subset simulation, propagation via
unscented transform, approxima-
tion by gaussian mixture models
and utilization of generalized
polynomial chaos. The methods
mentioned can be applied on
systems with abovementioned
characteristics to predict the
probability at which probabilistic
requirements posed as inequality
constraints are violated.

The optimal control framework
FALCON.m developed by the

Institute of Flight System Dyna-
mics and available for free down-
load on the institute homepage
provides another path to early
discovery of weaknesses in require-
ments and designs - “counter
optimization” or worst-case opti-
mization tries to produce input
and disturbance time histories
that aim at maximizing the viola-
tion of requirements. The condi-
tion that the probability of occur-
rence of the related uncertainty
and disturbance must exceed the
violation threshold is formulated
as a chance constraint. (Fzg. 5)

Also, in the field of model-based
safety analysis, the institute tool
ExCuSe (exclusion of cutsets)
provides and approach to guaran-
tee the safety of state machines

and other logics under uncertain
inputs utilizing formal methods
(property proving). For the algo-
rithms under test, failure cases and
uncertainties for the input variables
and propertes that negatively affect
system safety (“hazards”) are de-
fined along with their admissible
probability of occurrence. The tool
uses property proving to identify
all branches that lead to the unde-
sired event, sorts them along their
cardinality and computes the prob-
ability of occurrence. (Fig. 6)

Utlizing the ADS2 Hardware-in-
the-Loop System by TechSAT,
the functions under development
are transferred from a functional to
a system simulation at the earliest
possible point in time, which in a
virtual system integration allows to

www falcon-m.com A Numerical

Optimization

IPOPT
SMOPT

&(t) = f{x(r) mirhe) Z

Dynamic Model

A

q Cost F
1=elx(t)e) + JJLU[lI.I(l:.lJ.n Z

A

A o] constraines ‘

FALCON.m
mumH

Simulation

Fig. 5: Counter Optimization using falcon.m =
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System Architecture
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Automatic

Fig. 6: Model Based Safety Analysis using ExCuSe u

analyze correctness and
pleteness of interfaces, information
flows and concepts as well as the
behavior under fault and failure
conditions. It is a particular
strength of ADS2 that the virtual
components can successively be
replaced by real hardware (ideally,
again at the earliest possible
moment). (Fig. 7)

The actual implementation of the
functions under development is
also performed following the
model-based approach for later
automatic code generation for the
embedded target hardware. To
ensure quality driven and standard
and process conforming develop-
ment also for smaller developer
teams with high personal fluctuati-
ons, the software MRAILS was
created at the TUM Insttute of
Flight System Dynamics. It step-
by-step leads the user through the
development process, automates
many check and review tasks and
accelerates the development pro-

com-

unleashes its potential in the
development of novel systems
for which no big learning curve is
available - it helps to reduce
development risks and by a strict
“frontloading” of a development
process driven by quantitative
requirements helps to detect
problems and avoid mistakes.

The methods discussed are only
part of the spectrum provided by
the TUM Institute of Flight
System Dynamics. Together with
our powerful network of small
and medium sized partner com-
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Fig. 8: HIL Simulation using TechSAT ADS2 =

cess by providing a wealth of
templates and design patterns.
(Fig. 8) Day by day, the set of
tools and methods presented in
this article proves in a multitude
of application projects that it's fit
for purpose. But in particular it

panies, we are providing flight
control solutions for the thrilling
new domains of aviation - elec-
tric, unmanned and urban.

We are looking forward to also
work with you - at home in Ba-
varia, successful in the world!

Simulation auf

TechSAT ADSE2

Fig. 7: Process Build Tool MRAILS =
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Ingolstadt’s Urban Air Mobility initiative has
taken flight

Ingolstadt

Only about one-and-a-half years
into the project, it has welcomed 69
well-known domestic and inter-
national partners on board, and secu-
red some 12 million euros in sub-
sidies - no mean achievement. Wor-
king with partners from industry,
and the small business and non-pro-
fit sectors, the city of Ingolstadt has
succeeded in developing a network
for 3D mobility that leads any other
of its kind in Europe. The Urban Air
Mobility (UAM) initiative is dedica-
ted to supporting research and
development, and providing a testing
ground for trials of autonomous
aircraft. The goal is to strengthen
the standing of Ingolstadt and the
surrounding region as a commercial
hub and to secure future jobs. “We
have to start now with intensive
efforts to ensure fair and well-paid
jobs for the future, which is why we
are embracing various technology
projects. With the research and
development of the flying taxi con-
cept, we can further heighten our
“mobility” profile, as well as contri-
buting to protecting existing local
jobs in industry and science, and
creating new ones”, says Ingolstadt's
mayor Christian Losel. m

of network partners rises
There is a continuous increase in
the number of supporting part-
ners for the UAM initative. At

this point, Ingolstadt has almost
70 UAM partners from the cor-
porate, academic/scientific, and
non-profit sectors. Among the
best known of these are Audi,
Airbus, the German Aerospace
Center (DLR), and EURO-
CONTROL, the European air
navigation agency. Also onboard
are colleges, trade unions, the
district administrations for Regi-
on 10 (Ingolstadt), and several
state and federal ministries. Nu-
merous new partners joined up in
2019 alone. One of those is the
German rail company Deutsche
Bahn. Within the UAM frame-
work, simulations (“free rail”) in
cooperation with drone manufac-
turer Quantum Systems are
exploring the use of drones, and
the necessary conditions for their
deployment, in the service of
faster and more efficient inspec-
tions of the transport network.
The newest addition to the UAM
project network is the UK com-
pany Skyports. It is currently
active in Singapore, among other
places, where the company is
developing the vertiport. Such
vertical take-off and landing pads
for flying taxis are in planning for
Ingolstadt under the project
name “INCityTakeOff”. Mayor
Losel is pleased with the initiati-
ve's progress, stating “we now
have all the players from industry

and science on board that are
necessary to research and test
Urban Air Mobility. Ingolstadt
can become a skills hub for dro-
nes, flying taxis, and digital, auto-
nomous mobility”. Any compa-
nies, institutions, or non-profits
that would like to join the project
are warmly invited to make
contact via e-mail at:

uam@ingolstadt.de. m

A host of media, the public, and
political VIPs gathered Ilast
spring for the official presenta-
tion of the CityAirbus flying taxi
at Ingolstadt’s Rathausplatz square.
German Minister of Transport
Andreas Scheuer was among
those in attendance. He said,
“Germany is a pioneer in avia-
tion. Drones and flying taxis are
no longer a far-off vision, but
represent a  path into a new
dimension of mobility. They
open up entirely new opportuni-
ties, for instance ambulance
transport of patients in cities and
congested areas. And they are an
enormous opportunity for estab-
lished companies and start-ups,
which are already successfully
and specifically driving develop-
ment. With testing under real
operational conditions, Ingolstadt
is seizing those opportunities —
proving itself as a strong hub for
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German Transport Minister Andreas Scheuer, Cabinet Minister Dorothee Bdr, Mayor Christian Losel, Wolfgang Schoder of Airbus Helicop-

ters, and Member of Parliament Reinhard Brand| at the unveiling of the CityAirbus. Photo: City of Ingolstadt / Rossle u

innovation”. The German federal
commissioner for digitization,
Dorothee Bir, underlines the
fundamental significance of the
model project, stating “with these
new forms of mobility, we are
forging forward into entirely new
spaces for the city, but also for
rural areas. The model project
proves that flying taxis are not
futuristic; they have long since
become reality. We seized the
chance to shape a technology
with enormous economic poten-
tial for a livable future”. The
CityAirbus is an electric aircraft
with eight rotors that can take off
and land vertically (VTOL). The
one presented in Ingolstadt is a
demonstration model. The air-
craft was developed at Airbus
Helicopters in Donauwdrth; it is
slated to make its first flights in
the next few months at Man-
ching airfield near Ingolstadt.
The results of the test flights will
be used in further developing the
prototype. The current plan is
for the CityAirbus to make its

debut at the 2024 Paris Olympics,
providing flights
between Charles de Gaulle air-
port and the event venues. The
manufacturer believes that trans-
fers between airports and city
centers will be one of the first
applications for flying taxis. m

autonomous

The national network
The UAM initiative 1s a pan-
European project with a total of
42 municipalities participating. In
addition to Ingolstadt, German
participants include the cities of
Hamburg, Aachen, and Miinster,
as well as the North Hesse re-
gion. Meeting in Berlin in 2019,
those German cities set up a
network, with the
Federal Transport Ministry coor-
dinating. Its goal is to enable a
regular exchange of information
between the municipalities. The
city of Ingolstadt represents all
17 UAM cities in Europe vis-a-
vis the European Union when it

national

comes to financial aspects of the
UAM initiative. The members of

the Ingolstadt UAM initiative
network meet regularly at one of
the participating institutions to
discuss the current state of re-
search, ongoing projects, and
challenges.  Several  working
groups have also been set up to
tackle specific subjects. One
example of this is the research
project (“GABi”) set up by the
service management department,
under the chair of Prof. Dr. Jens
Hogreve, of the WFI School of
Management at the Catholic
University of Eichstatt-Ingol-
stadt, with the aim of exploring
cvic participation and public
acceptance of the UAM initiative.
Among the specific issues the
group 1is examining are what
benefits UAM will bring to citi-
zens, and what kind of expectati-
ons and fears it evokes in society.
Those issues are also the jumping
off point for the living lab called
“Vertikal” in Ingolstadt’s pede-
strian zone. Working with the
business incubator brigk, the lab
offers a variety of UAM-related
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Numerous members of the public attended th

things directed specifically at
residents and laypersons. Among
those are drone workshops, the
chance to fly a drone, VR head-
sets, exhibitions, dialogue with
UAM network partners, and
many other things. m

system;

The first self-contained project
within the UAM initiative has
been completed. A research pro-
ject dubbed OBUAM, under-
taken jointly by Bauhaus Luft-
fahrt and the technical colleges of
Munich and Ingolstadt used the
Upper Bavaria region as a model
to explore the long-term applica-
tion of Urban Air Mobility as an
extension of a public transporta-
tion network. The region exami-
ned in the model comprised
Ingolstadt, Munich, Augsburg,
Landshut, Rosenheim, and their
catchment areas. “The research
showed that the number of avail-
able aircraft and the fare levels
will have the greatest influence
on demand for UAM?”, explains
Kay Plétner, head of economics
and transportation at Bauhaus
Luftfahrt. In addition, experts
assume that demand will rise with
the increase of vertical take-off
and landing spots, or Vertiports.
By contrast, the speed of flights
appears to have only a marginal

B R RS P S -
e world debut of the CityAirbus in Ingolstadt. Photo: City of Ingolstadt / Réssle m
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influence on projected demand.
Although flying taxis cannot be
considered a potential replace-
ment for traditional public trans-
portation, they can certainly fun-
ction as a complement to it. The
study concludes that UAM could
make up approximately one per-
cent of modal share (the percen-
tage of total travelers using a cer-
tain form of transportation).
“Fares will have to be in the same
range as traditional taxis in order
to make UAM more than a niche
market”, says Plotner. UAM will
not fundamentally change the
overall mobility system, however
it could complement the current
transportation network with a fast
and flexible service. For flying
taxis, mid-range distances of bet-

ween 40 and 100 kilometers are a
particularly attractive target. The
study was published by the state
of Bavaria.. m

rigkAIR launches in 202
Additional important steps in the
UAM initative will start in just a few
weeks or months. brigkAIR, an off-
shoot of the digital business incuba-
tor, will start services at the Man-
ching airfield in 2020. Its focus is on
digitizing the aviation industry. Wor-
king with local institutions (including
Airbus and the German army techni-
cal and airworthiness center), the idea
is to set up a network and funding
entity for start-ups in the unmanned
aerial vehicle (UAV) market. “Our
goal 1s to establish the region around
the Manching test airfield as an area

Christian Leicher (CEO Rohde & Schwarz), Municipal Building Superintendent Renate
Presslein-Lehle, THI (Ingolstadt technical university) President Walter Schober, and Mayor
Christian Losel at a UAM network conference. Photo: City of Ingolstadt / Michel w
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The UK's Skyports recently built the first Vertiport (VTOL pad) in Singapore for flying

taxis. Photo: Skyports m

strong in technology and innovation
in the field of 3D mobility, and to
further develop the strong existing
skill pool in emerging technologies.
‘With the Urban Air Mobility initia-
tve, the Ingolstadt region has already
achieved international visibility”, says
Bavaria‘s state economics minister
Hubert Aiwanger. Ultmately, tech-
nology know-how, manufacturing
opportunities, and the availability of
testing grounds will attract start-ups

from all over the world to the area.
Ingolstadt’s mayor, Dr. Christian
Losel stresses that “brigkAIR is a
key component of our air mobility
strategy. At Manching, right at the
city's door, new types of aircraft — for
example, made by Airbus - can be
extensively tested in a safe environ-
ment. But entrepreneurs and start-
ups can also test their technologies
here. That optimal testing grounds is
a unique feature and a clear advantage

to our region”. Some 15 interested
parties from all over Europe have
already applied to be part of the
brigkAIR complex. m
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« Airbus

« Airbus Gesamtbetriebsrat

« Audi AG

 Audi AG Gesamtbetriebsrat
* Autoflug GmbH

 Bauhaus Luftfahrt

« bavAlIRia

- Bayerisches Rotes Kreuz

Landesentwicklung und Energie

Integration

Bauen und Verkehr
- Bayerischer Stadtetag
« Bayern Innovativ GmbH
* BEE appliance GmbH
* BFFT automotive GmbH

« Bayerisches Staatsministerium fiir Wirtschaft,
- Bayerisches Staatsministerium des Inneren und fuir

- Bayerisches Staatsministerium fiir Wissenschaft und Kunst
« Bayerisches Staatsministerium fiir Wohnen,

« Brigk — Digitales Griinderzentrum Ingolstadt

Project partners and stakeholders in the Ingolstadt Urban Air Mobility
initiative (listed alphabetically)

« AES Aerospace Embedded Solutions GmbH

« Helicus

» Handwerkskammer Miinchen
« IHK Miinchen und Oberbayern
« IMA — Flugplatz Ingolstadt-Manching

« Indra Navia AS

« Italdesign

« Klinikum Ingolstadt

« Katholische Universitat Eichstatt-Ingolstadt
« Landkreis Eichstatt

« Landkreis Neuburg-Schrobenhausen

« Landkreis Pfaffenhofen

« Lilium GmbH
« MAI Carbon

» Media-Saturn-Holding

« Fraundorfer Aeronautics
« Fraunhofer-Gesellschaft
« Fraunhofer-Institut fiir Bauphysik
« Hensoldt Holding Germany GmbH

« IRMA — Initiative Regionalmanagement
* IT-SCM GmbH & Co. KG

* MTU Aero Engines

» OKE Group GmbH

» Quantum Systems

« Roland Berger

« Rhode & Schwarz

* SBB AG

« SDT Industrial Technology

« Skyports Limited

« Stadtbus Ingolstadt GmbH

« Technische Hochschule Ingolstadt
» TECNICALIA Research & Innovation
« [ui!] Urban Software Institute GmbH
» Umlaut Consulting GmbH

« VI Forum e\V.

» Wehrtechnische Dienststelle 61

* WK IT GmbH

+ Bundesministerium fiir Verkehr und digitale Infrastruktur

+ Bundesministerium fiir Digitalisierung

- Cotesa GmbH

» Deutsche Bahn AG

« Deutsches Zentrum fiir Luft- und Raumfahrt

- DGB Stadtverband Ingolstadt

« Droniqg GmbH

« Ernst & Young GmbH

» EME Elektro-Metall

« Eurocontrol

« European Innovation Partnership on Smart Cities
und Communitys

« EASA — Europdische Agentur fiir Flugsicherheit

« Flughafen Miinchen

* FlyNex GmbH

* Globe UAV GmbH
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Safety and security for a new era of aviation

Urban air mobility (UAM) and
hybrid/electric flight is moving
from being just a vision to a tan-
gible reality with unprecedented
momentum and speed. All aro-
und the world, the aerospace and
aviation industry is working tire-
lessly on solutions to address the
big challenges of megacity mobi-
lity and reduction of carbon
emissions in flight.

The industry is moving steadily
to flight solutions with electric
vertical take-off and landing
(eVTOL) capabilities that will
fulfill the promise of the new era
of mobility, with new alliances
being forged and new program
milestone being reached on a
weekly basis.

With the technological approa-
ches more and more maturing,
the attention of the industry is
shifting towards a realistic market
entry, where a viable product
must meet the most demanding
requirements regarding flight
safety and, at the same time, add
value to the urban mobility mix
of future smart cities. m

ir mobili AM) —
mobility in the
third dimension :
As an innovation-driven com-
pany, Rohde & Schwarz has joi-
ned the mobility initiative, provi-
ding a unique set of expertise,
competencies and solutions for
test and measurement, RF moni-
toring, secure communications
and cybersecurity.

roan

Christian Leicher, CEO of Rohde
& Schwarz, mentioned in his
address at the UAM Ingolstadt
Network Meeting in July 2019 at
the Rohde & Schwarz Headquar-
ters in Munich: “We might not be
standing in the limelight all the
time, but our company is provi-
ding significant contributions to
create new technologies needed
in this field.”

The shift in the industry is clear:
from creating initial designs that
focus on proving feasibility, to
creating reliable, safe and cost
effective solutions. These multi-
modal transportation services have
unique challenges with great need

to integrate not only electric pro-
pulsion systems, but also advanced
avionic, autonomous flight control
systems, reliable communication,
high rated data links, smart sen-
sors and precise navigation aids.
In addition to this, the industry is
working hard to bring all these
technologies together to create a
fully integrated design, where
another important aspect needs to
be considered: the electromagne-
tic environment in which future
eVTOLs will be operating.

For Rohde & Schwarz, as a key
provider of test and measurement
solutions for EMI and EMC, this
is home turf. While it is still not

Imension

Mobility in the third d
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Mobility in the third dimension

Mobhile Wireless

clear what the future applicable
standards in the field of UAM
will look like, Rohde & Schwarz
is already contributing to the dis-
cussion with extensive knowled-
ge, dedicated solutions and cross-
industry expertise not only from
the area of aerospace and de-
fense, but also from industries
like mobile wireless (e.g. LTE,
5G, etc.) and automotive.

To operate safely in a congested

urban  environment, eVTOL

vehicles will not only rely on ro-
bust communication and data links,
but will also need to seamlessly
integrate various sensor devices,
flight control systems and a power-
ful electric or hybrid propulsion
system 1in a single design. Rohde &
Schwarz provides the means to
ensure resilience against electroma-
gnetic noise, interferences and gua-
rantee signal coexistence in these
complex designs with multiple dif-
ferent technologies. Testing with

HIL remote commands

[SCPI via LAN, GPIB, or USB)

Position data
+ kinetic parameters
+ attitude information

GNSS receiver

Operator

Rohde & Schwarz instruments will
help your system designs be ready
for any future challenges and this
high-quality integration will earn
the confidence of customers and
will prove to be a major differentia-
tor in the market. m

High-precision air navigation
High-precision air navigation with a
global navigation satellite system
(GNSS) will not only enable discre-
te movement within urban airspace,
but will also have to provide resis-
tance to the threats of spoofing,
interference and coexistence. It will
also serve as the basis for unified
threat management (UTM), ie.
advanced air traffic management
systems in urban environments that
will allow real-time, fully automated
monitoring and guidance of multiple
vehicles.

This requires low latency instru-
ments and the transmission of large
volumes of data as well as tests for
various satellite orbits, signal propa-
gation and different electromagnetic
environmental characteristics. The
R&S SMW200A vector signal
generator allows design engineers to
easily generate signals from all
important GNSS constellations (e.g.
GPS, GLONASS, Galileo and Bei-
Dou) and relevant frequency bands
in order to ensure that all location
based services (LBS) are functioning
with the required precision. Scena-
rios can be generated to simulate
satellite orbits, signal propagation,
receiver antenna characteristics and
other environmental influences. The
solution portfolio for GNSS testing




Mobility in the third dimension

helps drive a development process
that meets go-to-market timelines as
well as provide the means to validate
system performance in real-time
scenarios. m

Robust and high-data-rate  flight
connectivity is not only crucial for
vehicle-to-vehicle communicatdon, it
also provides the vital access to the
urban infrastructure network. Adding
to the requirements, customers want
to enjoy seamless in-flight entertain-
ment and mobile wireless services
while fleet operators need to carry
out fleet management and predictive
maintenance monitoring.

When testing on-board commu-
nication and data link equipment,
engineers can rely on the long-stan-
ding expertise of Rohde & Schwarz
in this field. With instrument soluti-
ons such as the R&S CMW, a high-
end wideband radio communication
tester that supports the latest
WLAN, LTE and even 5G stan-
dards, performance can be verified
during all the phases of develop-
ment, production and in-operation
maintenance. The R&S CMW is
capable of emulating multiple rea-
lisic network conditions under
which eV'TOL will operate. m

Autonomous
flight operation

In order for eVIOL vehicles to
provide safe and affordable urban
transportation, they need to operate
with a high degree of autonomy.
Taking the pilot out of the cockpit
represents the biggest challenge for
this new technology. Limited by
strict weight restrictions and require-
ments regarding system costs, the
number of fused sensors, power
consumption as well as overall
system reliability and robustness,
engineers need to think in new
dimensions to implement advanced
detect and avoid (DAA) capabilities.
Advanced radar sensors will be a key
enabler for eVTOL vehicles to ope-
rate autonomously in the urban air-
space and to ensure passengers have

a smooth and safe ride. Addressing
the need to reliably detect and avoid
multiple moving objects in the
lower airspace, Rohde & Schwarz
provides advanced solutions for tar-
get echo generation and environ-
ment simulation. A radar echo
generation setup from Rohde &
Schwarz consisting of the R&S
FSW signal and spectrum analyzer
together with the R&S SMW200A
vector signal generator can provide
the most realistic test scenarios on
demand and from the comfort of
the engineer's lab. Radar systems
need to be tested in dedicated test
ranges, and this solution will signifi-
cantly help reduce development
costs and meet challenging time-to-
market requirements.

The future of urban air mobility is
just around the corner. Ensuring
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security and fleet operatons, and
Rohde & Schwarz is the partner of
choice to help this happen.ng time-
to-market requirements. m

Contact:

Tobias Willuhn

Marketing Program
Manager Aerospace
| & Defense

"The key success factor in the UAM mar-
ket is a seamlessly integrated system
design that provides a unique, safe and
affordable user experience.

A smart test strategy is a vital building
block for successful designs and will
prove to be a major differentiator in the
future market."

Rohde & Schwarz GmbH & Co. KG

eVTOLSs become a reality for inner
city and city-to-city transportation
will require multiple technologies
with key enablers such as autonomy,

Miihldorfstrasse 15

D-81671 Miinchen

E-Mail:
Tobias.Willuhn@rohde-schwarz.com
Internet: www.rohde-schwarz.com

sensing, communications, cyber-

Rohde & Schwarz

Rohde & Schwarz is a leading supplier of solutions in the fields
of test and measurement, broadcast and media, aerospace |
defense [ security and networks and cybersecurity. The technolo-
gy group's innovative communications, information and securi-
ty products help industry and government customers ensure a
safer and connected world. The comprehensive portfolio in-
cludes test and measurement solutions for the wireless market,
automotive applications, aerospace and defense, industrial elec-
tronics, research and education; broadcast and media for net-
work operators, content providers and consumer electronics
manufacturers; cybersecurity solutions for business and govern-
ment authorities; security solutions for critical infrastructures;
communications and reconnaissance equipment for armed
forces.

On June 30, 2019, Rohde & Schwarz had about 12,100
employees. The independent group achieved a net revenue of
EUR 2.14 billion in the 2018/2019 fiscal year (July to June). The
company is headquartered in Munich, Germany, and has sub-
sidiaries in more than 70 countries, with regional hubs in Asia
and America.




Unmanned Aerial Systems

"Technological evolution in electro-
nics and software engineering has let
to tremendous performance improve-
ments and significant miniaturisation
of electronic components. Increas-
ingly smaller sensors, computing and
communication systems stll at en-
hanced performance levels, enable
the use of smaller aircraft systems
also for complex or even completely
new missions and tasks. Even in the
consumer segment, it is nowadays
possible, to complete tasks with
advanced drones, that have not
thought feasible in the past.
Considering these technological
advances, research is confronted
with two main questions in the
domain of unmanned aerial vehicles:
1. Do technological developments
lead to completely new designs
and applications for advanced
unmanned systems?

2. Is it also favourable to utilize
unmanned aerial systems in
research tasks?

The research on unmanned aerial

systems is integral to a multtude of

research activities at "Technical Uni-
versity Munich, among others in the
domain of aircraft design. At the

Institute of Aircraft Design resear-

chers are working on the following

scientific topics:

a) Design environment for un-
manned aerial vehicles (UAV)

b) Advanced UAV configurations

¢) UAVs as demonstrators for novel
aircraft technologies m

ign environmen
r unmann rial vehicl
(UAV)

UAVs as well as consumer drones
are used in most application cases to

Fig.1: Simulation of a UAV on a search mission in mountainous terrain =

carry sensors or other payloads, while
the majority of applications is focus-
sed on optical sensors for pictures,
videos, surveillance as well as carto-
graphy. For these applications the
UAVs mainly acts as the airborne
“carrier” for the payload in a way to
optimize the quality of the
pictures/videos. The optimum result
during the task is thus depending on
the optimum interplay between the
“carrier” respectively aircraft and the
sensor itself. Smaller sensors with
less performance may be carried by
smaller aircraft, which have to fly
lower, but at the same time are light-
er and less costly. At the same time,
the covered area per time unit for
such a system is much lower than for
bigger aircraft that fly at elevated alti-
tudes carrying bigger sensors with
higher performance. The optimisati-
on problem of an Unmanned Aerial
System (UAS) therefore is no lon-
ger a search for the best aircraft, but

rather for the best combinatdon of
aircraft and payload system. In addi-
ton, further systems like communi-
cation systems for data transmission
affect the mission effectiveness of
such a system.

To tackle those strong couplings
between the different systems in a
UAS design, the Institute of Aircraft
Design is working on new approa-
ches to optimal designs for UAVs
under consideration of the sensor
and payload system as well as other
affected systems like the communi-
cation system and the electrical pro-
pulsion and energy systems. In
order to derive optimum designs in
this systems engineering task, a
novel UAS design environment has
been established, which allows for an
integrated assessment of the UAS
interacting with its (virtual) environ-
ment (terrain, buildings, weather,
multiple types of targets) as part of
the design process. Only through
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Fig. 2: Transition-UAV: high efficiency in cruise flight while providing vertical take-off
and landing capabilities u

such an integrated approach, lead-
ing to a full mission simulation and
mission performance evaluation, an
overall optimum in the UAS design
may be found. m

The increasing performance of elec-
trical components, motors and actua-
tors does enable complete new con-
figurations especially in the domain
of small aircraft, as they are used in
unmanned aerial applications. Com-
bining these new propulsion and
control technologies in combination
with novel structural design and pro-
duction technologies as 3d printing
or advanced composite materials

Fig.3: UAV Iron Bird — System testing on
component and overall system architec-
ture level

allows for completely new capabili-
ties and functionalities of the air
vehicles. One example of this new
and advanced class of UAVs are full
transition UAVs, which
combine the vertical take-off and
landing capabilities of helicopters
and multicopters with the superior
cruise performance of fixed wing
aircraft (the classical aircraft design).
"This combination allows for hybridi-
sation well beyond the hybrid-elec-
tric propulsion system towards

hybrid flight capabilities.

electric

These new architectures are de-
signed at the Institute of Aircraft
Design utlizing the design environ-
ment for UAVs, enabling the design
synthesis as well as the performance
assessment of such novel configu-
rations. Originating from the “virtual
product” demonstrator concepts are
being build utlizing rapid proto-
typing techniques established at the
institute to perform early concept
verification through ground and
flight testing. m

novel aircraft technoiogies

Unmanned aerial systems do also
provide unique features for the test
and demonstration of novel aircraft
technologies. While manned de-
monstrator aircraft always require a
minimum size in order to carry the
human on board during testing,
unmanned aerial systems are pro-
viding a higher flexibility in size and
also functionality. On the one hand,
smaller demonstrators may be real-
ized much cheaper and faster, while
they may also be used for more radi-
cal approaches and technologies,
which could increase the risk for the
demonstrator  vehicle in early
demonstration phases.

At the same time, utilizing a UAV as
a demonstrator vehicle also poses
new challenges to the user. Besides
well known questions regarding
scalability of results from sub-scale
testing to full scale applications also
topics like quality and precision of
results as well as reproducibility
need to be addressed. TUM has
assembled a wide range of expertise

in the utlizaton of UAVs in
demonstrator programmes. In the
course of the EC funded H2020
research project FLEXOP (Flutter
Free FLight Envelope eXpansion
for ecOnomical Performance im-
provement) a modular flying de-
monstrator with 7m wing span for
the inflight testing of highly flexible
wing structures is currently being
build up. The project targets for the
demonstration of novel control con-
cepts to fly highly efficient wing
structures beyond their classical ope-
rational envelope. This could lead to
further reductions in aircraft weight
leading to a better vehicular effici-
ency. Testing beyond the flutter
boundary will lead to an increased
risk for the demonstrator air vehicle
due to a possible structural failure of
the wing. A risk which is addressed
more easily with an unmanned
demonstrator.

Fig. 4: Unmanned demonstrator for
highly flexible wing concepts (EC H2020
Project FLEXOP) u

Unmanned flight does enable a
multitude of new potendals and
novel applications in aviation as well
as in every day's life. The Institute of
Aircraft Design at TUM does
address these important questions in
multiple research activities as well as
part of the teaching courses and stu-
dent activities. m
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Nexus of aerospace innovation:

AIR TECH CAMPUS
OBERPFAFFENHOFEN

On the very site where Dornier made aviation history 50 years ago, with
its Do 31 experimental Vertical Take-Off and Landing jet, you will now find
one of Germany’'s most important special-purpose and research airports:
Air Tech Campus Oberpfaffenhofen (ATC).
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In 1936, Dornier Werke GmbH laid 7,500 employees when neighbou-
the foundation stone for Oberpfaf- . ring aeronautics and astronautics
fenhofen Airport — and at the same companies from the DLR German
time, launched the development of Aerospace Center are included.
the site, where tradition and vision In large part, ATC owes its leading
still meet today. The focus of Air role within the aviation and ae-
Tech Campus Oberpfaffenhofen is rospace industry to the pioneering
still on the development of innova- companies based at the airport.
tive aviation propulsion systems. These companies — and their visio-

Today, companies based at the nary ideas — span the entire value

airport employ 3,400 aerospace Dornier's Do 31 takes off at chain from development to produc-
specialists, a figure that rises to Oberpfaffenhofen Airport tion and maintenance.



One of ATCs highest profile
tenants is Lilium, which develops
and tests electric vertical take-off
air taxis. The airport's test field has
also become a nexus for companies
driving the further development

of autonomous aerial vehicles.

The research airport also provides
invaluable support to the DLR Ger-
man Aerospace Center's largest
facility in Germany (including the
Galileo Competence Center and
the International Space Station's
(ISS) Columbus Control Centre),
which is right next to ATC and
serves as the base for many of the
DLR's missions. So many voyages
of discovery have started at ATC
and the runway is now clear for the
next chapter in the campus' exci-
ting history.

Where vision meets tradition

Air Tech Campus Oberpfaffenho-
fen has always been synonymous
with pioneering spirit — and this
will continue to shape the airport's
development for many years to
come. This is where start-ups at
the cutting edge of the aerospace
industry soar alongside estab-
lished international aeronautics
corporations. With such unbea-
table synergies, ATC offers the
ideal environment for research,
development and testing of inno-
vative flying vehicles. ATC's state-
of-the-art Test field for Unmanned
Electric Flight (TUEF) is perfect
for carrying out test flights under
realistic conditions and is regarded
as yet another unique selling point
of the area. In order not only to se-
cure but to build upon ATC's status
as a nexus of aerospace innovation,
the airport’'s navigation and tower
technology is constantly being ex-
panded and optimised. The airfield
has now been certified by Austro
Control air traffic control for un-
manned flights even beyond visual
line of sight (BVLOS), which me-
ans flights out of visual range can
also be performed alongside more
conventional flights. These expan-

ded capabilities are made possib-
le by the airport's new real-time
flight status software and specially
designed take-off and landing pad,
both of which have been installed
by EDMO-Flugbetrieb GmbH, the
company responsible for opera-
ting the special-purpose airport. In
addition to the Aerospace Cluster
bavAlRia e.V. with its UAS Forum
and the German Testing Center
for Unmanned Flight (DEU), many
other users, such as DLR and
Technical University Munich, are
exploiting the potential of the test
field for their exciting new develop-
ments.

The number of companies in this
sector is also growing rapidly.
Among them, Lilium is developing
an unmanned electric air taxi,
which will take off vertically and
has been designed for autonomous
flight, providing yet another ex-
ample of how tradition and vision
complement each other at Air Tech
Campus Oberpfaffenhofen. As well
as shaping the future of innovative
aviation systems, ATC is also wor-
king closely with Upper Bavaria's
Aviation Office and Austro Control
to develop and implement solutions
concerning licensing law and air

traffic control.

Multi-award-winning - Lilium's air taxi

Economic forecasts confirm the
massive potential of the market for
visionary flight concepts: By 2040,
experts predict that the market for
emission-free passenger transport,
including electric air taxis, will be
worth USD 850 billion. More and
more companies from the ast-
ronautics industry are also set to
achieve soaring success at the

site. For example, the DLR Space

Applications Company (GfR), a
subsidiary of DLR, chose the Air
Tech Campus as the site for its
new building. The site is also home
to the new headquarters of ADAC
Air Rescue and its training centre
including flight simulators.

The Trinity F9 drone delivers a quantum
leap in mapping technology

The future takes flight
Public-sector support for aviation
and astronautics is testament to
the importance and development
potential of Air Tech Campus Ober-
pfaffenhofen. The Bavarian gover-
nment is funding research into air
mobility concepts and the estab-
lishment of a test field for electric
and (semi) autonomous flight.

The German Federal Ministry of
Transport's unmanned aeronautics
advisory board has also called for
well-equipped test fields so that
theoretical developments can be
tested in realistic conditions.
Today, Air Tech Campus Oberpfaf-
fenhofen is flying high thanks to its
276-hectare site and 40 hectares of
approved future construction area.
The same airfield where the Dor-
nier Do 31 wrote aviation history
some 50 years ago is now home to
one of Germany's most important
special and research airports: Air
Tech Campus Oberpfaffenhofen.

EDMO-Flugbetrieb GmbH
A joint project from BEOS AG & TRIWO AG

Prof. Dr. Christian Juckenack
Site Manager / TRIWO AG
christian.juckenack@triwo.com

Dr. Daniel Wurstbauer
Site Manager / BEOS AG
daniel.wurstbauver@beos.net
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82234 WeBling



Rolls-Royce

Rolls-Royce has been an aviation pioneer for over 100 years. As the industry enters
what is being heralded as its third era, Rolls-Royce has gained a foothold in Bavaria
for the first time with the acquisition of Siemens‘ eAircraft business unit.

200 kW motor that powers the CityAirbus =

"The big moment arrived on 1 Octo-
ber 2019: 100 skilled staff at the
company‘s Bavarian sites in Erlan-
gen, Taufkirchen and Neuperlach in
Munich were welcomed by their
new boss and served cake for break-
fast; the offices had already been
redecorated using the new com-
pany‘s brand language and colours,
and its name featured in cobalt blue
at the campus gates. Rolls-Royce's
acquisidon of the Siemens startup
eAircraft, which had been an-
nounced only as recently as June,
had been successfully concluded.

For the staff at eAircraft, it is an
exciting step: they will now be help-
ing to shape the future of aviation as
part of one of the industry’s most
important OEMs.

For Rolls-Royce, the acquisition of
eAircraft is a critical element of its

On the testbench: Rolls-Royce Electrical prototypes undergo thorough testing - like the

sustainability ~strategy. Like most
other companies in the industry,
Rolls-Royce fully supports the goals

assuming responsibility to reduce
the environmental impact of aviati-
on. The industry’s share of total
emissions 1s stll relatively small
compared to other modes of trans-
port, but in view of the expected
rising demand for both passenger
and freight transport, its emissions
could increase dramatically in the
next few years.

"There are three elements to Rolls-
Royce's sustainability plan. Firstly,
the company will continue to work
on improving the efficiency of gas-
turbine technology in the coming
years. Although new products such
as the Trent XWB turbine have
already reduced CO, emissions by
15% compared to gas-turbine gen-
erations around the turn of the cen-
tury, there is still untapped potential:
Rolls-Royce expects its UltraFan

of Flightpath 2050 and is actively

Labs in Munich and Erlangen were part of the acquisition =
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Powered by Rolls-Royce: for the CityAirbus, the team has developed motors, inverters
and the energy distribution system, Copyright Airbus Helicopters — Patrick Heinz m

turbine to reduce CO, emissions by
a further 10%.

Rolls-Royce believes another im-
portant step is for the oil and gas
industries to further develop sustain-
able fuels based on biomass and
organic waste or synthetic processes.
In order to facilitate these develop-
ments, Rolls-Royce turbines are
already designed to run partially or
entirely on synthetic and biomass
fuels.

"Thirdly, the company aims to make
significant progress with the devel-
opment of expertise in the (hybrid)
electrification of aviaton. Electric
propulsion systems in aircraft will
bring further

about efficiency

improvements and emissions reduc-
dons and offer the potential for radi-
cally new aircraft and propulsion
concepts. Rolls-Royce believes that
hybrid-electric technology is set to
have as dramatic an impact on avia-
ton as the replacement of piston
engines by gas turbines. “With
electrification, we are at the dawn
of the third era of aviation,” says
Rob Watson, Director of Rolls-
Royce Electrical.

The transition to electric aircraft will
be made up of many small steps for
Rolls-Royce, ultimately amounting
to revolutonary change. While
most of the available expertise in five
years will still be comparable with

Hybrid-electric: APUS i-5 shall demonstrate the benefits of distributed propulsion =

what is available today, in the next
100 years the company will change
dramatically.

The plan is to electrify smaller pro-
peller aircraft first, but at the same
time research is under way to devel-
op electric propulsion systems for
larger planes such as regional aircraft.
Close collaboration with partners
throughout the sector is also key for
Rolls-Royce: only when the indus-
try, researchers and politicians all
pull in the same direction will aviati-
on be able to play a successful role in
transforming both technology and
society.

Rolls-Royce is concentrating its
activities in the field of aerospace
electrification in the research and
development unit Rolls-Royce Elec-
trical.

At Rolls-Royce  Electrical, the
eAircraft team will be working on
well-known and innovative projects
such as ACCEL and E-Fan X as
well as on mature technology for
other industries offered by Rolls-
Royce’s Power Systems and De-
fence divisions: hybrid-electric pro-
pulsion systems for trains, network
and distribution technology and gas-
turbine generator sets for electrically
powered ships and starter genera-
tors.

In addition to its new sites in Ba-
varia, Rolls-Royce Electrical also has
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Rolls-Royce now employs around 100 experts from various disciplines in Bavarias

offices and workshops in Branden-
burg, England, Norway, the US,
Singapore and, as another result of
the acquisition of eAircraft, Buda-
pest as well.

Germany is set to play a key role in
Rolls-Royce's efforts to make elec-
tric flight a reality.

As well as integrating eAircraft's
activities, the company is also work-
ing on a project in Brandenburg
together with the Brandenburg Uni-
versity of ‘lechnology Cottbus-
Senftenberg (BTU): in Dahlewitz a
hybrid-electric system is being de-
veloped that will initially be tested in
an innovative aircraft concept de-
veloped by APUS. The lightweight
APUS -5 (4,000 kg) has four dis-
tributed 150 kW electric drive units
and demonstrates one of the most
important advantages of hybrid-
electric systems: this highly efficient
aircraft design is made possible by
the spadal separation of power and
thrust generation. The hybrid-elec-
tric propulsion system using the
proven Rolls-Royce M250 turbine
will serve as a test platform for re-
search on board the i-5 for a period
of three years. Further flying appli-
cations of this efficient system are
also conceivable in the future: as a
propulsion system for hybrid-elec-
tric eV TOL concepts, for example.
In the eVTOL market segment, the
new teams in Erlangen and Munich
have just achieved an important suc-

cess: CityAirbus, an Airbus demon-
strator for urban air mobility, took
off again in December 2019 with a
propulsion system developed by
eAircraft. The eight motors went
beyond what was required of them:
to permit extremely quiet flying,

The 200 kW electric motor that propels
the CityAirbus has an outstanding tor-
que-to-weight ratio m

they were designed for a low engine
speed range; at the same tme,
however, they had to enable the
four-seater CityAirbus to take off]
and the system is, of course, also
subject to strict weight limits. The
development team responded to the
challenge and, after only 10 months,
came up with the prototype of an
electric propulsion system with an
impressive torque of 30 Nm per
kilogram. The motor has since been
thoroughly tested together with the

Rolls-Royce

inverters developed by eAircraft and
the power distribution system in
laboratories and on the ground. In
2020 it will be undergoing flight
tests scheduled to take place at
Manching.

"The foundations are thus being laid
for the development of further pro-
pulsion systems designed specifically
for the requirements of eVTOLs.
Rolls-Royce will be working on tho-
se in Bavaria.

In addition to eV'TOLs, other flight
segments are also relevant for the
former eAircraft teams: the 260 kW
electric motor developed in Erlan-
gen that powered the Extra 330LE
for its impressive world record
flights continues to be further
improved. It will be used, for exam-
ple, in the hybrid-electric 4-seater
Smartflyer SFX-1 as well as in the
purely electric 11-seater Alice devel-
oped by the startup Eviation.
"Turning to the commuter market,
Rolls-Royce in Bavaria is also
developing components for a
hybrid-electric drive train around
the 500 kW mark.

Rob Watson is confident: “Our new
colleagues in Bavaria complement
our portfolio ideally with their
expertise and new technology.”
Rolls-Royce has been an aviation
pioneer for over 100 years. Follow-
ing the acquisition of eAircraft, this
ploneering work will also be going
ahead in Bavaria - paving the way
for the “third era” of aviation. m
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AutoeLightSl

Many of the infrastructure and
mobility issues we currently face,
especially in major cities and
metropolitan areas around the
world, can be addressed by
adding the third dimension, in
the form of ,urban aerial mobi-
lity“, to the existing transport sys-
tems. That 1s why AutoFlightX
works hard on an all-electric air
taxi, which can take off and land
vertically, but moves as efficient-
ly in cruise flight as a conventio-
nal aircraft. With such an emissi-
on-free and quiet eVTOL (clec-
tric Vertical Take-Off and Lan-
ding) vehicle urban air mobility
and the relief of our roads will
become possible - and all this
already in the 2020s, and not just
decades later.

‘When Tian Yu founded AutoFlightX
GmbH in early 2018, he chose
Gilching/Oberpfaffenhofen as the
ideal location for his latest ventu-
re. The entrepreneur was aware
of the ideal conditions in the
Greater Munich area: The com-
bination of experts, know-how,
the network of partner compa-
nies and research institutes, the
regulatory boundary conditions,
and the well-renown , German
engineering skills“ are unique
around the world. The proximity
to the research airport Ober-
pfaffenhofen with its highly-
developed infrastructure for tes-
ting highly automated systems
also played a role in the choice of
location.

The prototype of the V6oo from AutoFlightX presented to the public at the AERO air

show in April 2019 in Friedrichshafen. =

First, AutoFlightX has built a
complete simulation environment
and a development simulator -
which was already flown by Bava-

Detail of the prototype of the V6oo
from AutoFlightX at the AERO air show
in April 2019. =

Minister  Markus
Séder - for their first manned
eVTOL prototype. This proto-
type, the V600, was presented to
the public in April 2019 at the
AERO air show in Friedrichsha-
fen. The V600 serves primarily
as a technology demonstrator and
a platform for technical develop-
ment and for testing of subsys-
tems — always according to aviati-
on standards. As always in aviati-

rian Prime

on, safety is paramount here, too.
This can be seen from the fact
that also in the V600 plenty of
considerations on redundancy and
fail-safety have been done.

We are currently working hard
on further technical develop-
ments — stay tuned for what will
happen in 2020! m
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The Institute of Helicopter
Technology was founded by
Eurocopter (today: Airbus Heli-
copters) in 2010 to set a special
focus on helicopters in engineering
education and research. In recent
years, the number of develop-
ments of electrically powered air-
craft capable of performing ver-
tical  take-off and landing
(eVTOLs) has dramatically in-
creased. In contrast to helicop-
ters, which are powered by inter-
nal combustion engines and have
an elaborate rotor control system,
providing unique maneuverability,
eVTOLs are powered by electric
motors and use much more simple
propellers to generate lift.

Basically, the design of eVTOLs
does not differ from the helicop-
ter design: based on requirements
for payload and range, we deter-
mine rotor area and drive power
to match the required flight per-
formance. Although numerous
designs for eVTOLs are existing
and new projects are added every
day, a publically available database
with technical data of these
aircraft does not exist. Today,
energy densities of batteries and
power-to-weight ratios of electri-
cal drives are well known. How-
ever, since the empty mass of an
aircraft has a dramatic impact on
its performance, extensive studies
are carried out at the chair to
develop and improve models that
take into account uncertainties of

of Helicopter Technology
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Fig.1: “Carpet plot” for eVTOL =

design parameters. This approach
allows to better compare indivi-
dual configurations and identify
design drivers and potential opti-
mization. m

Although they look similar to
those on conventional aircraft,
the propellers of multi-rotor
configurations are operated in a
fundamentally  different  flow
state and therefore experience
significantly different loads. In
addition, the thrust characteristic
is controlled by changing the
propeller rotational speed. 'The
resulting transient thrust behavior
has an important impact on the
vehicle‘s control characteristic.

At the Chair of Helicopter Tech-
nology, numerical methods are

used to simulate this transient
characteristic and validated by
experiments. Using largely auto-
mated CFD modeling (CFD for
Computational Fluid Dynamics),
a drone propeller can be opti-
mized in shape and other rotor
parameters. Various model ap-
proaches are applied and then
compared to avoid systematic
errors in simulation (Fig. 2). m

The teaching of the basics of
helicopter flight includes models
for propellers as they are used in
eVTOLs. Besides classical aero-
space engineering skills, teaching
includes key knowledge about
flight safety and certification or
basic approaches in systems
engineering. Only when these



TUM Munchen

33

Thrust over RPM change

1

T T
=== TAU, Agpmirev= 20%

— Dymore (Peters-He) |

053 054 055 056 057 058 059 060 061 062

T

T T
—— Dppufrev= 20%

7T

0.53 0.54 0.I55 056 057 058 059 060 061 0.62
timeins

theoretical topics are applied to
eVTOLs, our students begin to
acquire a broader understanding
of the economic and social aspects
of this new form of mobility. For
this purpose, the project seminar
»Urban Air Mobility* was devel-
oped, in which a group of bache-
lor students (under the guidance
of experts from the chair) goes
through the entire process of

product creation from the design of
the aircraft to economic and legal
aspects of the operation of air taxis
over cities. Managers and experts
from the UAM industry are finally
invited to the closing event, which
on the one hand serves as an additi-

onal incentive for the project team
and on the other shows the compa-
nies how closely engineering train-
ing and practice can be interlinked. m

Research topic
in Flight Control*:

In helicopters above 1000kg take-
off mass, primary flight controls
use hydraulic actuators to amplify
the pilot‘s forces. These technol-
ogies are well-known since deca-
des and have matured accordingly.
Despite obvious benefits of tech-
nological maturity, significant ef-
forts are necessary for hydraulic
systems: reservoirs, pumps, valves,
lines, filters and numerous other
components are required to estab-
lish a complete hydraulic system.
Much easier and cheaper to
implement are electromechanical
actuators (,EMA*) - but for the
price of inferior failure characte-
ristics. As a consequence, EMAs
haven‘t been introduced in pri-
mary flight control systems of
rotary wing aircraft; This is where
a LuFo research project comes in
that examines the usability of
EMAs in drones.

In the TEMA-UAV project, an
innovative, electromechanical ac-
tuator for unmanned aircraft is
developed in a holistic develop-
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ment process, taking into account
aviation-specific regulations and
requirements. In the joint project
with the German Aerospace
Center (DLR) and the company

Fig. 4: TEMA-UAV application platform: ALAADy autogyro, source: DLR (CC-BY 3.0) =

TUM Miinchen

the safety and reliability analyses
as required for the certification
process necessary in aviation.

With an autogyro as application
platform for the planned actuator
prototype, the TEMA-UAV pro-
ject has access to a proven test
platform. This configuration 1is
already being researched as part
of another DLR project (4LAA-

Dy, see fig. 4). m

i

Maccon, the central tasks of the
Chair of Helicopter Technology
are the actuator's  systems
engineering - synchronized to
that - all development steps for
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Digitally connected, electrically
and autonomously flying... this is
how many people imagine the
aerospace industry of the future.
With Autoflight X, Quantum-sys-
tems and Lilium, Oberpfaffen-
hoffen is already the location for
e-tonomous AIR Mobility and the
hotspot for researching and testing
future-proof solutions.

The research and establishment of
air taxis is already a reality around
the asto Park, the internationally
known aviation location and cradle
of the German aerospace industry.
This is where the urban mobility
of the future is being tested. The
asto Park is at the forefront of
digital, electrical and autonomous
mobility.

At the Mobility Conference of the
Metropolitan Region of Munich,
the special prize "Innovation" was
awarded to the asto park-based
company Lilium. Lilium is cur-
rently in the process of conque-
ring the third dimension of lo-
comotion with its air taxi. Prof.
Florian Holzapfel from the TUM
reports that flying cars, recently
were still part of the realm of
science fiction, while today the
first ones are already in the air.
The market is exploding, says
Holzapfel, and there is an incred-
ible spirit of optimism. ,,It’s such a
cool time as it has not been for a
long time,“ enthuses the professor.
At the presentation of their auto-
nomous aircraft in front of the
Bavarian State Chancellery, Quan-
tum-Systems and Lilium were
able to signal that Bavaria should
become the leading location for

the development and construction
of air taxis. Improving mobility, as
air transport is clean, cheap, flex-
ible and quiet, and the creation of
additional jobs are key issues in
this context. In a first step, a test
field for autonomous flying will be
set up in Oberpfaffenhofen, where
companies based in the asto park
will be able to test their electronic
aircraft. The long-term vision is,
that taxis could be used as a sup-
plement to public transport.

‘While the Aero-Taxis are stll in
the development phase, drones
like those from Quantum-Systems
are already flying around the
world. Drones are already provid-
ing valuable services in the areas of
parcel services, medicine deliveries
to remote areas and pest control
on plantations in Malaysia.

The asto Park and the research
airport in the
Munich are again officially the
hotspot of aerospace, according to
the Federal Ministry of Transport.
Oberpfaffenhofen is one of the
twelve nationally important air-
ports. Innovative technologies in
aerospace, satellite navigation, I'T,
mechanical engineering, robotics
and automotive are developed and
produced around the asto Park.
Furthermore 8,000
jobs have been created. Here in
the asto Park, young companies as
well as established technology
companies, which want to use the
dynamics of the location and
bundle their activities, are addres-
sed.

In the immediate vicinity of the
international ~ aviation  group

southwest of

sustainable

RUAG, the satellite manufacturer
OHB and the DLR with its Gali-
leo control and robotics centre,
more than 80 technology compa-
nies have settled in the asto park.
The internationally operating
companies in the asto Park are the
ESA BIC Incubator, the aircraft
manufacturer Dornier-Seawings,
"Telespazio, OHB as well as com-
panies such as the Diehl Group,
Dassault ~ Systemes, Microchip,
SII, Mynaric, Valeo, Vectoflow,
pro-beam and Coherent. m

>
astopark

BUSINESS INNOVATION GENTER

Contact:

Dipl.-Ing.
Ekkehart Fabian

Geschdiftsfiihrer

Dr. Bernd
Schulte-Middelich

Geschdiftsfiihrer

ASTO Aerospace & Technology Park
GmbH

Friedrichshafener StrafSe 5
D-82205 Gilching

Phone.: +49 89 38 66 55— 0
Fax: +49 89 38 66 55 —22
eMail: info@astopark.de

asto Park Oberpfaffenhofen
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The Free State of Bavaria ranks among the most economically strongest regions of
Europe. Thanks to an offensive economic policy and a first class infrastructure, Bava-
ria is and remains a location with future. A productive network of "global players"
and a wide class of efficient small and medium-sized enterprises exists to ensure
growth and employment for almost all sectors.

Business Location Bavaria

The Free State of Bavaria covering
more than 70,000 km’ is the largest
Federal state in Germany in terms
of area and with a population of
13 million people is the second lar-
gest Federal state after North
Rhine-Westphalia in terms of inha-
bitants. Apart from the indisputable
advantage as a living and leisure loca-
tdon, Bavaria enjoys an excellent
reputation worldwide primarily as a
high-tech and service location. Com-
pared with other countries in Euro-
pe, nearly all national economic data
has reached peak values. m

Successful race to catch up

In an unprecedented race to catch
up, Bavaria has developed from
being an Agrarian state with an
above average level of unemploy-
ment and a below average econo-
mic value-added at the end of the
Second World War into a first
rank economic power. A low rate
of unemployment compared with
all other federal states, a far higher
proportion of self-employed per-
sons and a high level of immigra-
tion primarily during the last ten
years verify this fact. The rapid
upswing in Bavaria has been

’ and the second Federal state

=

GERMANY
?- The free state of Bavaria is

the largest Federal state in
Germany in terms of area,

in Germany measured in terms
of the inhabjtants

Germany and Bavaria u

accompanied by an above average
employment dynamic. As a result,
the number of employees subject
to social insurance contribution
regulations has increased by
almost one quarter and 1is thus
considerably greater than in all
other federal states. m

Offensive economic policy

In the context of an offensive
economic policy, the Bavarian
state government is pursuing four
strategic primary objectives:

=« Cost relief of the economy

in global competition

Release of free enterprise

dynamics for the benefit of

more growth and employment

Support of the economy in the

structural change in the line of

ynew products, new enter-

prises, new markets“

= Through further development
and expansion of the infra-
structure

based on the motto ,Save -

reform - invest“, the state and

administration in Bavaria are being

made fit for the future. m

New Element

»Cluster policies”
This is the next logical stage in
the offensive of Bavarian innova-
tive policies geared towards the
»High-Tech-Offensive* and the
»Future of Bavaria“
Through the application of cluster
policies, the existing state measu-
res for the promotion of innova-
tion are being expanded by orga-
nising the networking of eco-
nomy and science.
These clusters can basically be
subdivided into:

offensive.



Business Location Bavaria

B = -

Nuremberg =

» High-Téch clusters

e.g. biotechnology, aviation and
aerospace, medical engineering, en-
vironmental technology

w Production oriented clusters

e.g. automotive, energy,
engineering, logistics, sensors

w Cross-sectional technologies

e.g. nanotechnology,

new materials, mechatronics

The cluster policy should create
momentum to intensify the dyna-
mics between companies and re-
search establishments and optimise
possibilities for cooperation m

Prepared for the future

The structure of the Bavarian eco-
nomy is robust and future-orien-
ted. A productive network compri-
sing ,global players“ and a wide
class of efficient small and medium-
sized enterprises in the industrial,
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Munich Exhibition Centre =

handcraft and service sectors ensu-
res economic strength. The indus-
trial sector is dominated by the
industries of automotive
mechanical engineering, biotech-
nology and medical engineering as
well as energy and transport tech-
nology. In the service sector, Bava-
ria holds leading positions in Ger-
many as an insurance, banking and

and

stock exchange centre. The infra-

Wieskirche m

structure is first rate in the key sec-
tors of transport, energy and tele-
communications. The large num-
ber of foreign companies that have
been set up in South Germany
within the last few years and de-
cades, bears testimony to Bavaria‘s
high degree of attractiveness as an
international innovation location for
high-quality research and develop-
ment activities and productions.
And last but not least, Bavaria has a
variety of attractive ,,soft* locational
factors: world class culture, intact
environmental conditions, high re-
creational value, a cosmopolitan out-
look, interior security as well as so-
cial and political stability. m

Source:

Bavarian Ministry of State

Jor Economy, Infrastructure,

Transport and ﬁc]zn#ogy .
Tagh

]




SDT Industrial Technology

The development of the modern
world is impossible without func-
tionally, stable and dynamic adapt-
ing to external conditions of
transport systems. Over decades,
the transport infrastructure of states
via road, rail, marine and air near-
ly has reached its capacitive limits,
estimated by the value of functio-
nal availability.

Functional availability of vehicle
accessibility often show, that in
relation to the cumulative time,

exceeds the time to move directly
from one point to another and
that it’s actually an indicator for
operational mobility of trans-tai-
lor means.

Processing statistical data allowed
us to identify areas of significant
aviation transport systems (Fig. 1),
including  promising:  hybrid
vehicles apparatuses (VIOL -
Vertical Takeoff and Landing).
The main advantages of transport
systems, based on hybrid aircrafts,

= lack of need for airports and aero-
dromes

= high functional indicators, e.g.
mobility, adaptability and accessi-
bility

= economically low operating costs

= high flexibility and efficiency

In favor of creating and applicating

transport systems with V' TOL, the

main argument is the

ability to implement technologies,

that theoretically reduce adverse

effects of environmental

the time to prepare a cargo | are: impacts.
& Transport aircraft pLEEsIN
O Transport Helicopters
© Hybrid aircraft, multi- alrcraft and aircraft with combined power plants Wiz ¥
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Fig.1: Areas of existence of transport aircrafts m
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Fig. 2: Dependence of achievable maximum aerodynamic quality (CL/Cp )max transtailors from aerostatic discharging level =

Significant efforts are being made
by many experts to create VIOL
models. From stuffy reactive to ful-
ly electric power plants, including
aerostatic discharging, various op-
tions are considered.

SDT - Industrial Technologies
research results show, that VTOL
with an aerostatic discharge factor
of more than 0.3 have perpractical
implementation prospects due to
the impossibility of obtaining
acceptable aerodynamic characters
(Fig. 2).

Experience in development and
operation of airships (aerostatic
discharge factor 1.0) confirms the
conclusion about the low competi-
tiveness of inflatable and pressu-
rized transport aircraft in compari-
son to existing.

An example of a transport aircraft
VTOL with aerostatic discharging
is the project Aerotransporter 888
vl (Fig. 3). Aecrostatically dis-
charged to 0.22 and with its weight
reducting design and its combined

power plant with internal utiliza-
don of thermal energy,

Aerotransporter 888 v.1 provides
high flight-technical and transport
characteristics. "The appropriate
use of such a VI'OL is light-ton-
nage cargo transportation up to 1.5
tons. According to SD'T-Industrial
"Technologies, daily up to 400.000
tons of food and drinks run

through Germany’s  distribution
network. For support up to
1.600.000 trucks with a nominal
load of current stores stocks, there’s
used a hoisting capacity from 0.5 to
1.5 tons.

Furthermore, the average distance
from the distribution warehouse to
the store’s warehouse is over 77
miles, so that it lasts 2 to 3 hours of

Fig.3: VTOL Aerotransporter 888 v.1 m
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Fig. 4: Illustration of the modern airspace environment in the surface layer of the atmosphere and its control by means of air and

air traffic controll u

transportation time by trucks, which
load the road network accordingly.
In the future, transport aircraft
VTOL of the type Aerotransporter
888 v.1 can — partially up to 50% -
replace a car-cargo transportation
and increase the speed of cargo
circulation.

Use of a power plant with internal
heat energy recovery for VTOL
Acrotransporter 888 v.1 reduces the
fuel requirement up to 70 kg of
hydrocarbon fuel (kerosene), which
is 10 to 12% of the fuel supply on
board. The development of air
transport systems inevitably entails
the development of appropriate ex-
isting infrastructure: air traffic control
and air traffic management, ground
handling and flight support devices.
The industry and the market offer
and expect a wide range of fixed and
mobile means of security for flight
operations, e.g. tankers, charging sta-
tions, automatic control systems, etc.
Moreover, it’s obvious, that the avail-
able automatic means of monitoring
the air situation and air traffic control
are restricted and unsuitable for con-
ditions of high saturation of airspace
traffic, especially in approach and
departure zones (Fig. 4.

Heterogeneous aviation in the areas
of airfields, cities and other impor-
tant airspace areas at the same time:
manned and unmanned aerial
vehicles, aircraft models as well as
their ordered and disordered squad-
rons (Fzg. 4) have a high probability.

In this regard, the current situation

of airspace control in the atmos-
pheric layers up to alttudes of 2.485
to 3.107 miles is relevant today and
the problem of air traffic control will
increase.

Given this, SDT — Industrial Tech-
nologies included airspace control
and air movement control

LAY Mo > 200.0 kg, Helicoplers, Aeroplanes |

ENEEEEEEEEEE

e A " i 5 |
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Lom

Fig. 5: Detection boundaries of various air objects FAA and EASA u
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Fig. 6: Configuration option of air defense system and air traffic control when covering an important object or spaces

system (AC&AMC system) in the
transport system based on VIOL
Aerotransporter 888 v.1.

Features of the developed
AC&AMC system are:

= the possibility of fixing and
tracking a huge number of
air objects

= fully automatic operation mode

= the possibility of increasing the
coverage area and the automatic
formation of the overall digital
appearance of the operational
environment

= high accuracy in determining
the current coordinates and
motion parameters of all fixed
airborne objects, including birds

(Fig. 5).

The combination of devices in a
single system enables large spaces
for airspace control, including cities
and objects of important govern-
ment agencies (Fig. 6). The con-
trolled space in the map on the sur-
face of the earth (Fig. 6) is divided
into zones: A (CTZ - covered ter-
ritory zone), B (AZ - adjacent
zone) and actually airspace control
zone. To cover all zones, there are
monitoring stations at 3 points (A,
B, C) that transmit their informati-
on to the ground control station
(GCS). In this example, the cover-
age area is more than 155 square
miles, the speed of air objects is up
to 373 mph and the maximum den-
sity of airspace is up to 800 air
objects per square mile. Such func-
tonal indicators offer a high re-
liability of fix air objects in a con-
trolled airspace. The creation of
promising air transport systems

requires the development of large
amounts of components and devi-
ces. Many of them are original
and not analogous among those
produced by industrial operation.
A large amount of research work,
carried out by STD - Industrial
"Technologies, and their results
enabled us to formulate tactical
and technical requirements and to
begin to develop an air transport
system based on VI'OL. m
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SDT Industrial Technology
Alte Landstrafse 23
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www.sdt-industrial.com
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Location factor innovation competence

Augsburg Innovation Park

The new challenge 1 the aerospace
mdustry 1s faster and more econom-
wcal production, automation, greater
Slextbility and above all increased
resource efficiency mn the use of ener-
gy and materials throughout the en-
tire production and use cycle of the
arrcraft.

To meet these challenges, Augs-
burg has founded one of the larg-
est economic development proj-
ects.

The Augsburg Innovation Park
with the “Technology Centre
Augsburg is an economic devel-
opment measure of the city of
Augsburg and the Region of
Augsburg, supported by the Free
State of Bavaria, the Economic
Chambers as well as further insti-
tutions.

Technical Centre Hall in the Technology
Centre Augsburg, Photo: © Wolfgang Hehl =

The goal 1s to support innovation
and technology transfer for busi-
nesses in the field of aerospace,
lightweight construction, fibre
composites, mechatronics and
automation, digitization, industry
Technology companies can settle

e . & H he

in the 70-hectare Innovation Park
or work closely together with
research institutions as a project
group in the 12,000-m’ Technolo-
gy Centre Augsburg in order to
improve production processes and
products. 40 users such as start-
ups, regional businesses and glob-
al players are already on site.

In the modern event area, over
15,000 specialists have exchanged
information and experience on
technological topics in the past 2
years. 13 technology-oriented re-
search institutions from the
above-mentioned technology fields
are active in the Park and provide
important contributions to mov-
ing the aerospace industry for-
ward - such as the DLR German
Aerospace Centre, the AMU
Application Centre for Material
and Environmental Research, the
Fraunhofer Research Institute for
Casting, Composite and Pro-

Simulated aerial image, Innovation Park, Photo: © KCAP Architects & Planners u

cessing lTechnology IGCV and
the I'TA Institute of Textile Tech-
nology Augsburg as well as the
central offices of the Bavarian and
federal cluster institutions in the
fields of carbon fibre, the environ-
ment, mechatronics, digitization
and aerospace.

The innovation competence 1is
also supported by excellent spe-
cialists provided by the university,
technical colleges and further
educational institutions.

‘Welcome to the Augsburg Aero-
space Area! m

Contact:

Augsburg Innovationspark GmbH

Wolfgang Hehl, Managing Director
Am Technologiezentrum 5

D-86159 Augsburg

Phone: +49(0)821 80 90 30 60
Email:
info@augsburg-innovationspark.com
www.augsburg-innovationspark.com




Powering aerospace
innovation in Bavaria

Rolls-Royce has been pioneering flight for more than 100 years.
We are at the dawn of the ‘third era’ of aviation, which will bring
a new class of quieter and cleaner air transport to the skies. We
have welcomed 100 specialist electrical engineers in Bavaria to
our team to help accelerate delivery of our electrification
strategy - and helping e-tonomous flight take off.

rolls-royce.com/electrification
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