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Brace yourselves, the future is up in the air and the next (r)evolution is just around the corner:
Advanced Air Mobility (AAM)

USD trillions
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Emerging Nomenclature: UAM - Urban Air Mobility, AAM — Advanced Air Mobility, IAM — Innovative Air Mobility RAM — Regional Air Mobility, PAM —
Personal Air Mobility
Supporting technologies: eVTOL — electric VTOL, VertiPort / SkyPort
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-— Helicopters '
for Everybody

The Hoppizopter
helicopter hat wil

comfortably, single
cheap air transportat.

By Frank Tinsley

“If a man is in need of rescue, an airplane can come in and
throw flowers on him, and that’s just about all. But a direct lift
aircraft could come in and save his life.”

- Marilena Pavel, TU Delft TU Delft 3 3
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TU Delft Air Mobility: Our Vision

- Society strives for mobility due to increasing level of urbanization

- Air transport can impact mobility by adding the 3" dimension

- Why expanding routes ? Urbanisation, natural obstacles, reduce surface infrastructure
Air Mobility is a fast-growing business relying on emergent eVTOL technologies

Electric VTOL News™

_ by the Vertical Flight Society

World eVTOL
Aircraft Directory
1,100 aircraft cataloged!

036 lanes

stucked on 8t October 2025

2025-10-13 Dr, Marilena Pavel, TU Delft 4
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TU Delft A

Education: introduce AAM in the study curriculum with discipli
nes and inter-disciplinary skills. M.Sc. projects, Design Synthesi
s Exercise, On-line courses and internships at selected world pl
ayers companies.

Research: Component level research for aerodynamics and aer
oacoustics, propulsion, lightweight materials and structures, flig
ht stability and control. Translate know-how from classical aviat
ion to AAM system level by design methodologies. Design of air
space.

Dissemination: play a pivotal role in the knowledge processes a
ssociated with AAM. Knowledge/data centre, conference centr
e and Summer school, scientific advisory role for government a
gencies.

2025-10-13 Dr, Marilena Pavel, TU Delft >
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Example: PAL-V Fly Drive Mobility Solution
developed in the Netherlands

22 De Week S

Met je

nrc 2 3
MAANDAG 12 MAART 2018

Promotiemateriaal
vandeviiegende auto
PALV Liberty,

PAL-V in cijfers

PAL-V (Personal AirLand Ve-
hicie) is In 2007 of
door Robert Dingemarse,

DePALY LibertyPioneeris
een limited edition, meteen
oplage van 90 stuss. Deze
K03t 495.000 euro (ex BTW).

Detweede edifie!
‘Sport, bijna hezeifde model,
'gaat 299,000 eurokosten (ex.
BTW).Net jets meer dan een

iweezitshelikopte:,

PALVLibertyis 4mlang,2m
breeden 17m hoog,onge-

Volkswagen Goll Hi weeg!
664 kg.

Deautoridtmaximaal 160
Kmfuenviiegtmasimaal 180
K/t Metsenvolletank

(100LEuro95) kanij1.300

40010t500km
vilegen.
Het ombouwen van auto
yrokopter duurt
VLIEGENDE AUTO . sk gl
Het Nederlandse bedrijf PALY : osien s i ilemat
presenteert de PAL-V Liberty. Het - B Ll S i » :
moet de eerste commercieel propelervanie: i htt S//WWW al-v. com/en/
{ 2 o~ ; Lt o > : f A
verkrijgbare vliegende auto Teabling s s vics e | oot vl o Meller och. | Wepertaenen nspecteLeTome- p p
worden. | |

ik,
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NASA’s Vision

VEHICLE
DEVELOPERS UNIVERSITIES FAA /EASA AIR
~ CERTIFICATION TRAFFIC

775 nr%nns
b | . a.‘ e h
N L 1 L %.L :
R 5 & g

) * Real Time Operation Of Aerospace with

* Design

* Piloting

* Design Of Airspace Architecture

the Increased Level Of Air Traffic
* Community Integration (Safely and with

the Smallest Amount Of Noise Audio And Visual)

AIRSPACE : . GOVERNMENTS
DEVELOPERS

2025-10-13 Dr, Marilena Pavel, TU Delft
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SAFETY, SAFETY AND AGAIN SAFETY!!

New configurations, New Problems!

.
" L]
[ ] [ ] [
& Wright Brothers airplane % Douglas XB-19 experi - XR-9 helicopter (Firestone %  Bell XV-3 tiltrotor & eVTOL mobility
mental aircraft Aircraft Company)
ing gi t i Challenging flying qua Going from ilottled to
; Loss of elevator effectiveness| Floating gimbal rotor head in - . . g p
Unstable spiral lities during transition full autonomy solutio
while aircraft pitching adequate to control by untra . y
mode L R flight
ined pilots ns

2025-10-13 Dr, Marilena Pavel, TU Delft 8
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TU Delft AAM Team

Who are we?
* Researchers that work on ALL aspects
of contingency management of AAM

|’I

* We are a “small” team dealing with a huge

new paradigm

We need to integrate AAM into future mobility
for its success!

What do we do?

Aero-propulsive modelling (novel configurations)

Flight simulation development to enhance Safety

Certification through Simulation

Adaptive, Robust, Unified control

Autonomy Benchmark Problems

Flight Envelope Protection

Architecture (Explainable Al, ML, deterministic, probabilistic...)
Acoustic Noise

Flight comfort in urban/gusty atmosphere

Air traffic management

2025-10-13 Dr, Marilena Pavel, TU Delft
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namics Examples

. Longitudinal Cyclic
i N\ Forward

Mirror

Pulsed 7
laser

Laser light sheet

* First light pulse —— :
o \llmlulll \:L 'hlil[\n\:‘l. il 1,+A Q ~——
_ P Imaging opics B iection Unsteady asymmetrical vortex release
' during descent at incidence

“mage plane

A +AJ

2025-10-13 Dr, Marilena Pavel, TU Delft
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& 4\ MATLAB .

% Single main rotor conf f - MATLAB ’f‘ 4\ MATLAB o 4\ MATLAB < 4\ MATLAB
ig., One Tailrotor % Extension Tandema *  Extension Tiltrotors s Extension Flying <+  Extension Vertical Take off an
< Body dynamics nd Coaxial Helicopte % Extension High Speed Cars Configurati d Landing (VTOL) Aircraft for
% Rigid & 1%t order Flap rs Rotorcraft ons Future Mobility
Dynamics ¢+ Prescribed wake
% Aerodynamics: BEM + Rotor Lead-lag dynami
cs

Quasi-dynamic Inflow

SIMONA Simulator at TUDelft ‘

Advanced Analytical Vertical LIft SIMulation (AAVISIV)

2025-10-13 Dr, Marilena Pavel, TU Delft 1
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Cumulation function {leaky integrator)
Motion sickness accumulales aver time,
bt not endlessly {until emesis)

Actual

head acc.

Estimated (c/b)2 | h P MSI
head acc. 1+{c/b)2 (us+1)2 \_.

H Mation Sickness Incidence [MSI}
R e e Percentage of people that reach
emesis when expased lo a carlain
maotion condition

2025-10-13 Dr, Marilena Pavel, TU Delft
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SIMONA%— Flight simulator

SEM P4 Mean Fa
[—5—Ntaan P1 SEM P4
3 [ SEM P2 —s— Mean P4
i =—Mean F2 SEM P5
SEM P iean F4
25 J

MISC score [-]

Sudden deceleration — individual
manpeuvres make a noticeahble

0 5 .|I,J 1.5 impact on the severity of motion
time [min] sickness symptoms experienced by

eWTOL passengers
14
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Moticn Sersor Feedback

—— » A/RPC = An “inadvertent, sustained aircraft oscillation which is the consequence of an
| abnormal joint enterprise between the aircraft and the pilot” (McRuer, 1995)
1
Task i
Demand c@fﬁé\ - y | [F— . » Occurrence of an A/RPC can be regarded as a failure of the design process (McRuer)
o | - =l
| — ¥
N

e,

s (o) 9,
Righ Cues O/@ (
; %@5: Command and Stability Augrentation sysN
Aircraft and Rotorcraft Pilot Couplings - Tools
and Techniques for Alleviation and Detection

Voluntary
control activity of the pilot

8 Mission Task El
ements

Invotuntary (PAQ)
contribution of the pilot

i i i
osctaen | [ “ton PIO Biomechanical APC Multiple simulator Cam ’A/RPC Criteria
low frequency (0.5 - 1 Hz) high frequency (1 - 3 Hz) .
Leamnis Event ——
s | " L el —g paigns o
- MxD .
1 v bl 1100+ Test points
PIO: [releasing the "::‘:..':.Lff
controls stops the || sehther
oscillations be impossible
caTipio CATIPIO CATHPIO ) AT IV PIO
et e Of position non-statonary ’i_U_L‘
iy andor compix Stuctural mod es|
4 [\ e
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Boeing-backed GoFly Prize puts 5 personal flying
machines in spotlight, with fly-off ahead

TU Delft students successtul in Vertical Flight
Society Student Competition

- e AU R LSRG
Frmdom i "
Tare

Tatnian

el Elat
(—/ Society

16
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Connect to Project ldeas from Horizon Call

HORIZON-CL5-2026-10-D6-07 BUILD ADAPTIVE RESILIENCE

Supporting sustainable and smart urban
mobility in Europe (CIVITAS)
HORIZON-CL5-2027-06-D6-08
Enhancing Mobility for All: affordable, reliable
and accessible multimodal transport for
inclusive rural and urban connectivity —

Societal Readiness pilot 7
HORIZON-CL5-2027-10-D6-10 (et ) I

Enhanced resilience in multimodal passenger \
transport through digital technologies and g SRR — N B 3
generative and discriminative Al e ‘ L
HORIZON-CL5-2027-10-D6-11 Yoo ™ o
. ™ . & Aircraft subsystems

Enhancing Resilience and Accuracy in ‘  models
Positioning, Navigation, and Timing (PNT) b -
Systems and e-conspicuity solutions PERKEFTION

y p y B Dr. Marilena D. Pavel [m.d.pavel@tudelft.nl]

2025-10-13 Dr, Marilena Pavel, TU Delft 17
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Profile You are Seeking and Why

Partners for HORIZON-CL5-2026 & 2027 CALLS

« What partners: Help to connect vertical mobility to other transport modes
» How: Extend technology evolution towards society transformation
* Why: Achieve societal acceptance for the Advanced Air Mobility

lead action on sustainability

and respects planetary =
boundaries #

merge between cyberspace and
» “ =  physical space with 5G, Big
Uz data, artificial intelligence, etc.

"ﬁ_(
w1
Create a future of industry . A “*4;-;»\ N @J.j\
USteroa 3 Upn. emd
towards a human-centric, ‘
- _y= is agile and resilient with lndus‘tr °;b ‘ Socie id d
sustainable, and resilient i ndadaptabie d ﬁ/ 3} e i o sl
iet technologies n‘i@ ) ~ people at the necessary
society P & St %% : “ ?" 4 level when needed
Qa{,_}r_;{‘”f ) H\,m:_ Vmgr\'c N 0
promote talents, ensure high-quality lives

diversity and empowerment  full of comfort and vitality

2025-10-13 Dr, Marilena Pavel, TU Delft
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The Bright and Dark Side...

RENT A ROTOR

Chaice of Microsoft or Apple
Operating Systemt

Cheice of AT&T or AOL Network
Locul or DProp off terms
Your "Pilot Assacinte” must have

FAA re-certification within
past year

Source: Robert J. Huston (NASA Langley), “The
Future of Vertical Lift”, The 18th Alexander Alexander
Nikolsky Lecture of the American Helicopter Society, 1998

Dr, Marilena Pavel, TU Delft
2025-10-13

The Bright and Dark Side of the Future

To sense something of the potential for this kind of aircraft, just listen
in to this conversation between a Richmond, Virginia father and his
teenage son in the year 2031.

Teenager: “Pop, can | use the tiltrotor a week from Friday night? I'm tak-
ing Susie Que to the Junior Prom. Before the dance, we want to [ly up
and cat dinner at Hogates in Washington. **

Father: “Son, why can’t you take the SportsCopter? Its only 70 miles. You
can hardly get the blades retracted before you are there. Besides, your
mother and I were thinking about going fo the Braves game in Atlanta
that night.”

Teenager: “Well actually, Susic wants her two girl friends and their dates
to go with us. I really need the tiltrotor. Plcase!”

Father: **Oh, all right. The Braves can wait. But spend a couple hours 11y-
ing on your Macintosh to update your Pilot Associate before 1 sign
your ATC clearance request for a minor pilot. And don’t forget to warn
your friends that your Pilot Assocate has been updated to include the
latest United Nations population control sensors. No erotic activity in
the back seal. The automatic system will terminate your flight plan and
send you straight home. Also, the Federal illegal substance sniffers
makes an automatic report to the Federal marshal’s office. That in-
cludes tobacco and alcohol.

But have a good time son.”

It’s going to be a brave new world.

KERE@

Korea-EU Research Centre
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Dr. Marilena D. Pavel

Associate Professor in Rotorcraft Aeromechanics and Control
Section Control and Simulation, Department Control and Operations
TU Delft | Faculty of Aerospace Engineering

Building 62, Room 2.22

Kluyverweg 1, 2629 HS, Delft

The Netherlands

E M.D.Pavel@tudelft.nl

T+31152785374

W https://cs.Irtudelft.nl/rtsi/people/dr-m-d-pavel/

W https://online-learning.tudelft.nl/instructors/marilena-pavel/
W https://www.tudelft.nl/Ir/tu-delft-advanced-air-mobility-ta2m

2025-10-13 Dr, Marilena Pavel, TU Delft 20
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Extra: ROADMAP FUTURE VERTICAL LIFT — NEXT
10 YEARS

Flight scenarios test & simulation

» Define the critical flight scenarios to be performed by a future VTOL/CTOL platform for public services
and connect these 1o tne initial design requirements. An attempt to reconcile all these scenarios would
oblige to envelop them in a sole set of requirements with direct consequences on the system design.

Consider within the aim of flight scenarios tests & simulaticn 2lco tha iccuac of cafaty raliahility nlatform
availability, etc.
» > Depends on:
» Semi-automated public safety response, security, fire, rescue, disaster recovery

« Initial hybrid VTOL/CTOL platform development

» > Enables:
« Pilot/vehicle interface and handling qualities demo

« Identify required new training Methods

« |dentify new certification requirements

« AdTopiiot integrated for Simpiified vehicle ops. and loss of control avoidance

2025-10-13 Dr, Marilena Pavel, TU Delft 21



