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1. Vorstellungsrunde
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Das ATAP-Projektkonsortium

Assoziierte Betriebe:

bast 7

Research Institute

E A S A # Deutsches Zentrum
DLR fiir Luft- und Raumfahrt

European Aviation Safety Agency GermanAerospace Center accenture

HA Net

FREISINGER GMEH
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/\ ALTAIR SIEMENS

Gefordert durch: Bundesministerium

fir Digitales

" @FUND

Das Startkapital fiir die Mobilitdt der Zukunft

aufgrund eines Beschlusses
des Deutschen Bundestages
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2. Projektausgangslage
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eVTOL Forschungsprojekte @ FH Aachen
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FH AACHEN

SkyCab |

SkyCab Il

Gefordert durch:

Bundesministerium |

fiir Digitales
aufgrund eines Beschlusses .m

und Verkehr
des Deutschen Bundestages ®  Das Startkapital fiir die Mobilitit der Zukunft
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Public Acceptance: Safety is Consumers' Top Concern

UNIVERSITY OF APPLIED SCIENCES

Concerns @_{T!f_%_;)Sum B Ranked #1 .
Ranked #2 g
Ranked #3 3
®.0 Safety . £
S%a Safety 10 8 G?VQ
- 37% ~—
3690  Secviy 10 ; D)
Participants Noise related to flying aircraft “ 10 10 (251‘%3
Readiness
@ Customers’ Expectations
Depends on...
m Ready 49%
Not ready
(X X ) _
e - Factors of Perceived Safety
®
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Customers’ Perspective on Air Taxis’ Safety

@

Customers’ Desires

Factors of Perceived Safety

z z B
Qe
Pilots / Staff Calm “on time”
flight
&
Information Safety
Systems

e

Proof of Safety
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3. Projektvorhaben
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Applying the automotive safety approach: EuroNCAP -> Air Taxis

2022 w K W X W I
Volkswagen Golf @
Small Family Car

DOWNLOAD REPORT (PDF) o® Share

Adult Occupant Child Occupant Vulnerable Road Users Safety Assist

® : e~
88% \ 87% K 74% Q 82%
v v v v
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EuroNCAP -> EuroATAP

2022 W R X X %X i

SkyCab SCII SKYCAB

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN

Lift+Cruise
DOWNLOAD REPORT (pDF) > Share
Adult Occupant Child Occupant Vulnerable Road Users Safety Assist

o : o~
88% \ 87% ﬂ 74% =g | 82%
v v v w.
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The Air Taxi Assessment Programme - Project Implementation

UNIVERSITY OF APPLIED SCIENCES

Definition of Validation Public g
Safety Criteria (by SkyCab) Communication =

Elcjiig \é':
N\TN\P

FOR SAFER AIRTAXIS

o SkyCabSCl  SkyYCAB

Lift+Cruise

'DOWNLOAD REPORT (PDF) > Share

Crash & Impact | SN\
Protection A <yl s e s

cupant Chil
- ?
v N v

Post Crash

Safety
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Projektergebnisse
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Projektarbeiten

eVVTOL Benchmark

Number of Seats Vehicle Architecture

m2 3 m4 m5 m6 mMore m Wingless Multicopter m Lift+Cruise
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m Vectored Thrust m Convantional
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Analyse bestehender Sicherheitsanforderungen & -ratings

AFER
& s
L 1y

EURO NCAP

www.edroncap.com

EURO ‘ J NCAP
19-POR-0800-0D1

Source: Euro NE

WET

VERTICAL AVIATION SAFETY TEAM

ROTORCRAFT
CRASHWORTHINESS INDEX

*
- . x
o European Aviation Safety Agency

SC-VTOL

. ————
-

https://www.easa.europa.eu/en/domains/rotorcraf
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The Assessment Categories & Tests

——» Autoland Capability

— Child Restraint Systems

L, Wire Strike Prevention
& Protection

-
&
—» Seat Belt Reminder — Emergency Landing
Spot Detection
- Envelope Protection
L Terrain Collision

Avoidance

Crash & Impact

Protection

—» Vertical
Crash Test

___, Vertical
Crash Simulations

__» Combined
Crash Simulations

L Crashworthy Adaptive
Seats

Post Crash
Safety

» Life Cell Preservation
—» Rescue Card

» Manual Disconnect

Automatic Door Unlocking

© FH Aachen | ATAP Abschlussveranstaltung
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Zunehmende Bedeutung von ATAP im Laufe der Zeit

Transportation Mode X ?

Fatal Accident Rate
[1/100k flight hours]

1: Outcome of accident statistics review from IATA 06/2018-06/2023

2: Outcome of accident statistics review from FAA 2003-2022

3: A share of 10% hover flight, 10% transition flight and 80% cruise flight is assumed to
estimate air taxis’ fatal accident rate

>

0,17} 0,3212 0,193

2025 2030 2040 2050
# eVTOLs 160 1.600 16.000 ‘ 160.000

09
# fatal ® .‘:“..‘{.
0 o . ©

. o
accidents/year
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State-of-the-Art Crashworthiness

Automotive vs. Aviation

Eura NCAP [ ANCAP

Full Width

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN

Static ultimate loads Landing gear tests

D8 [ S0B

g
: Full-vehicle > e
crash tests
worldwide *
[ [ — | =sceptEvmev ] st S
1 v | e

Bl
Dynamic seat tests Energy storage drop test
Sources:

1: Freepik

Source: Safety Companion 2023 2: https://www.aviationpros.com/engines-components/aircraft-airframe-accessories/landing-gear/press-

release/21156558/liebherraerospace-transportation-sas-liebherr-overhauls-landing-gears-for-austral
© FH Aachen | ATAP Abschlussveranstaltung 19




Crash &
Crash & Impact Protection Impact
Passive safety assessment through full vehicle crash load cases Protection

‘.ﬂQOQQQ
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e\
, EURO ‘; NCAP
19-POR-0800-0D1

>

7 J E— -
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N

Source: Euro NCAP
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Understanding crash impact conditions

Hover Transition Descend

Flight height: 50 m
Initial velocity:
v,=5m/s; v;=3m/s

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN

Hover height? 15 m
Initial velocity: 0 m/s

Impact Conditions
Impact velocity
v,= 8.3 m/s; vi= 3.7 m/s v,= 18.7 m/s ; v.= 5.1 m/s
Impact altitude - Impact altitude
0.24° Roll; 23° Pitch 0.0° Roll; 1.5° Pitch

Impact Conditions
Impact velocity

© FH Aachen 21



Definition von Crash-Lastfallen

Vertical Crash

UNIVERSITY OF APPLIED SCIENCES
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e

8 m/s l 8 m/s l
Y [1177777777777777777777777 [117777777777777/77777777/777

Combined Crash

77777777777777777777777777 soft soil
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Definition

von biomechanischen Schutzkriterien

50%til- 5%til- 959%til-
Parameter/ male female male
Evaluation Criterion Abbreviation FAA HIII HIII HIII
Limit 1: 500 Limit 1: 500
Head Injury Criterion HIC15 Limit 2: 700 Limit 2: 700 Limit 1: 670
Limit 1: 72 Limit 1: 72
Head Acceleration a3ms (g) Limit 2: 80 Limit 2: 80 -
Neck Injury Criterion NIJ 1 1 1
Dummys:
Maximum Neck Load Fzmax.compression (kN) 4 2.25 4.83
Front Left L‘e)ft Front Right Limit 1: 1.9 |  Limit1: 1.2
HIII FAA 50% HIII 95% Maximum Neck Shear Fx.shear (kN) Limit 2: 3.1 | Limit2: 1.95 3.74
. Limit 1: 42 Limit 1: 36
R aximum Nec oment ymax (Nm imit 2: imit 2: =
Rear Left Rear Right Maxi Neck M M (Nm) Limit 2: 57 Limit 2: 49
HIII 5% HIII FAA 50%
Shoulder Strap Load SSL (kN) 8.896 - =
Chest Acceleration a3ms (g) 60 60 54
LU S Limit 1: 22 Limit 1: 18
Chest Deflection s (mm) Limit 2: 42 Limit 2: 34 =
Limit 1: 0.5 Limit 1: 0.5
Viscous Criteria VC Limit 2: 1 Limit 2: 1 =
Lumbar Load F.. (kN) 6.674 (4.207) (8.686)
Dynamic Response Index DRI 19 (19) (19)
© FH Aachen | ATAP Abschlussveranstaltung 23
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ATAP Prufprotokolle
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ATAP Assessment Spreadsheet

Taxi Assessment Program

General Specifications

Please fiil in ail cells with a grey background

Your ATAP Safety Level

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN

Company Name
Model

How to get a 5-star assessment?

MTOW [keg]
Vehicle Architecture Rating Examples

Release Date

Seat Ar {incl. Pilot)

Number of Seats

Overall Assessment

[ sclerig ] Cresh Avoidence [ cohsmmopedion [ PosiGmshsaly |

Points | Max. Points. Points | Max. Points Points Max. Points. .
— N , |ErerzencyLendingspor N 25 | Ep———— o N FireFrocaction HYsarety | In this vertical crash simulation, you have the apportunity ta score up to 10 Have you performed the VCB5-Roll10-Pitch-5 vertical crash test?
Detection (ELSD) lisolztion) points. Please note that any unznswered sections will not impact the overall star
Envelope Frotection o 2 TPE"E‘"[':D"‘S“’” o 25 |Vertical Crash-VCS_rx10_ry15-hard o 10 Automatic Door Unlacking rating. O Owe
revention
Autoland Capability o 2 Vertical Crash-VC3_rx10_ry-5-hard o 10 Exit-Opening Force For more detailed information about the test, click her
Life Cell Preservation +Em:
[ e e s T © 2 B & 1o Exit To learn more about the biomechanical limit loads, click here
:‘“’: Sz‘“ Prevention & o 2 Combined Crash - CC-2-saft o 10 Rescue Card
rotecen Vertical Crash Test Front Left Rear Right Front Right Rear Left Vertical Crash
Combined Crash - CC-3-water ° 10 Manual Biscannect i Hill FAA 50% HIll FAA 50% Hill 95% male Hill 5% female:
VC85-Roll10-Pitch-5
Crashwarthy Adaptive Seats o 3 Yalue  Points_| Yalue Points Yalue Points | Value _ Points
HEAD
Total Score 0 0 0
Percentage 0% 0% 0% Head Injuay Cieion HES il of of of
P p—— T < = Head Accelaration - mis 3me mis®) 0 o o
Head asessmert 0 K K E
Neck
NeokInjury Citerion Hi 0 o o o
Masimum Neck Load -l Fzmas compression 0 o o o
MaimumMeck Shear-H  Fushesr 0 I I o
Masimum Neck Momert-Nm  Myman 0 | o
Fleck sssessment 0 I I L
HEAD and NECK. : o 1 i 1
3 [EEE DGl - [ eci e | vertical crash esT || vertical crash svutation [ vertical crash simutaTion
THORAX
Dumemys:
Shoulder Strap Load =N 551 i i Front Left Front Right
Chest fcceleration -mis2  33ms 0 o o o HIlLFAA 50% HIll 95%
Chest Deflestion-mm s 0 I o
Wiscous Criteria Ve 0 | o Rear Left " Right
T — 5 5 5 d HIN 5% HIIl FAA 50%
LUMBAR SPINE
LumbarLoad =N Fu 0 o o o
DOynamic Aesponss Index ORl i i i 0
(R —— o 7 7 L
0 K K 0
Summe I of o El o
« » - [INEAENEES SNV Vertical_Crash_SIMULATION (2) RS NSERE Ik ] Combined_Crash_soft Combined_Crash_water Crash & Impact Protection

© FH Aachen | ATAP Abschlussveranstaltung 25



/\T/\p HOME RATING FORENGINEERS ABOUT CONTACT

FOR SAFER AIRTAXIS

,,,,,,,,

WELCOME TO THE OFFICIAL PROJECT WEBSITE OF THE

AIR TAXI ASSESSMENT
PROGRAMME

MORE ABOUT THE RATING -

1 -
e b B,

\ g

OUR VISION
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ATAP HOME RATING FORENGINEERS ABOUT CONTAC

FOR SAFER AIRTAXIS

THE CATEGORIES EXPLAINED

Safe Flying v

The Safe Flying category assesses preventive functions and systems contributing to a safe flight. It
includes availability checks of systems, such as Isofix anchoring points or wire strike cutters, but also

assesses functions such as wire strike prevention, emergency autoland, or flight control input restrictions.

Crash Avoidance v
Crash & Impact Protection v
Post-Crash Safety v

© FH Aachen | ATAP Abschlussveranstaltung 27



ATAP HOME RATING FOR ENGINEERS ABOUT CONTACT

FOR SAFER AIRTAXIS

THE RATING EXPLAINED

The ATAP programme presents a framework assessing air taxis’ safety through tests and function availability

checks in four cateqories: Safe Flying, Crash Avoidance, Crash & Impact Protection, and Post-Crash Safety.

Safe Flying b

Crash Avoidance A

Assesses features designed to prevent collisions in an emergencuy.

>  Emergency Landing Spot Detection (click here to download the protocol)
The air taxi’s capability to identify emergency landing areas.

— Terrain Collision Avoidance [{click here to download the protocol)
Emergency signal in case of ground proximity and terrain collision risk.

Crash & Impact Protection e

Post-Crash Safety e




ATAP HOME RATING FORENGINEERS ABOUT CONTACT

FOR SAFER AIRTAXIS

HOW TO GET A 5-STAR RATING

. . Crash & Impact .
ATAP Safe Flying Crash Avoidance . Post-Crash Safety Overall Points
Protection

' B & & & ¢ 60 % 100 % 80 % 70 % 77% 77

) 6.8 & g 50 % 50% 60 % 60 % 58,5 % 58,5

w W W7y 40 % 50 % 50 % 50 % 49 % 49

w W U7 W e 30 % 0% 40 % 40 % 37% 37

W Y7 U7 Y7 20% 0% 30% 30% 275 % 275
Weight 10 % 5% 65 % 20%

© FH Aachen | ATAP Abschlussveranstaltung 29



Kontaktaufnahme mit eVTOL-Herstellern

Link
Anhang
BegriBung &
Kurzinfo GUber ATAP
Link

Webseite

ATAP-Programmvorstellung

Forschungs-Partnerinfos

Spreadsheet

Test Performance

Fragebogen

Info/Feedback zu ATAP-
Sinnhaftigkeit und
ErfGllungsgrad

© FH Aachen | ATAP Abschlussveranstaltung
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Level 1

Structural Crash Safety Concept

Crash optimized
front structure to

ed

avoid earth Dptimized
scooping 5 gear
Crash opti

landing gedf ™

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN




Structural Crash Safety Concept

Level 2

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN

evlar sliding sheet




MBD Crash-Simulationen SIEMENS

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN
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J\ ALTAIR OpenRadioss”

FEM Crash-Simulationen

1:20241024_VC85sub_wings_Run010a
Loadcase 1: Time = 4.5000e+01 : Frame 3

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN
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Lesson Learned - SkyCab
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SkyCab Assessment

Lift+Cruise

sverne LalRalR el

SkyCab-SC2

/NTAAP  counomorerorreon

FOR SAFER AIRTAXIS

>Sha re

Safe Flying Crash Avoidance
68 % 100 %
Crash & Impact Post-Crash
Protection Safety

(o

B
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ATAP: Spreading the word!

UNIVERSITY OF APPLIED SCIENCES
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AAM Innovators Week
Crashworthiness Community of Start-Up Village Jilich
Interest

© FH Aachen | ATAP Abschlussveranstaltung 38



ATAP: Spreading the

OURVISION

Vision Zero
No fatalities or sel
nts the world's first consumer protection
ir taxis. It assesses oi 1axis’ sofety

nd function avai b’mycmcu.m
mers about the safety

is using 8 5-519¢ rating system-

rious injuries through el taxs!

ATAP represe!
programme for al
through crash tests &
aim is to inform consul
paﬂormance of air taxi

CHALLENGE

o : oo and st
that public accoptan ust

poth publ®
onsumers t©

Air Taxi
Assessment
’ sy

Id’s First
rotection

Air Taxi World Congress
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5. Dissemination / Diskussion / Feedback
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Prof. Dr.-Ing. Thilo Roth
Fahrzeugkarosserietechnik | Automotive Body Engineering

ECSM | European Center for Sustainable Mobility

FH Aachen | University of Applied Sciences

FB6: Luft- & Raumfahrttechnik | Fahrzeugtechnik |
Aerospace & Vehicle Technologies
Hohenstauffenallee 6 | 52064 Aachen | Germany

T +49 241 6009 52940
roeth@fh-aachen.de

Lukas Laarmann M.Sc.
Wissenschaftlicher Mitarbeiter | Research Associate

ECSM | European Center for Sustainable Mobility

FH Aachen | University of Applied Sciences

FB6: Luft- & Raumfahrttechnik | Fahrzeugtechnik |
Aerospace & Vehicle Technologies
Hohenstauffenallee 6 | 52064 Aachen | Germany

+49, 241. 6009 52933
laarmann@fh-aachen.de
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