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Summary; LH2 - Introduction

ons measurement with

2025-2030

Airbus fleet
certified for
100% SAF
Today
All Airbus aircraft fuelled
with Jet A1
SAF approved up.to
50% blends

Development of H2 technologies &
Capabilities :

LH2 tank and fuel systems
Electric motars
Refuel ground operations

(Aerospace testing symposium 2022, Farnborough)
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¥ Entry into service of
ZEROe Hydrogen
powered aircraft

Airbus ZEA Flight
Demonstrator

Rarﬁp up in production
of green aviation fuels

- Production of green
hydrogen, biofuels and
Power-to-Liquid

Decarbonisation Roadmap
AIRBUS
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Summary; LH2 - Introduction

We expect to make the necessary

|ntrOdUC|ng AI rbUS Z decisions on the best combination of

hydrogen technologies by 2025.

-~

Turboprop - - — 4 1,000
T ey 4 1,000+nm

Blended-Wing Body
&\ 2,0004+nm
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Summary; LH2 - Introduction

/FRCB Hydrogen combustion demonstrator

w\ A380 Hydrogen
: multimodal combustion

test platform engine
wit ; loc long

hydrogen hydrogen
distribution
system

| AIRBUS
(Aerospace testing symposium 2022, Farnborough) AI R BUS




Airbus Amber

Summary; LH2 - Introduction

Hydrogen Storage

https://www.compositesworld.com/

ar principke nsulation AIRBUS
(Aerospace testing symposium 2022, Farnborough) AI R B Us




Multiphysics challenges for ATA based certification

Structure V&V
MOTIVATE Protocol

Object o interest  Geometry

Properties Decision criteria

Data Management
Plan Creation

Prior Predictions,
Uncertainty,

& Validation Metric

Test set-up
& protocols

Physical Testing

Modelling & Simulation

Representation of realworld
[deseribed by a validation metric]

Decision-maker's Review

Fig. 1: A revised version of the MOTIVATE validation flowchart, updated relative to Hack et al.” following user feedback.
The coloured boxes represent sub-charts broken out in tabular form over the next sections.

(Aerospace testing symposium 2022, Farnborough)

Systems V&V

Airbus Amber

The civil aircraft requirement based development process.

Is it a Structure or a system; Depends on the regulations

AIRBUS



Multiphysics challenges for ATA based certification

Structure test pyw triangle

PROOF OF A/C STRUCTURE
ANALYSIS PROCESS
VERIFICATION

@ mponent DESIGN & ASSEMBLY CONCEPT

AND
ANALYSIS METHOD
DEVELOPPEMENT
t
eristics vs
bl
t?chnoiogv MATERIAL EVALUATION
ofiess...) AND
- STRENGTH
CHARACTERISATION

SR

Physical test Virtual test

(Aerospace testing symposium 2022, Farnborough)
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Multiphysics challenges for ATA based certification

dosage
unit leak
detector
CFRP
specimen Vacuum

liquid
nitrogen

Liquid He cryogenic chamber/
Leak specimen fitting
detector

Liquid
nitrogen

Airbus Amber
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(Aerospace testing symposium 2022, Farnboroug
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Safe Life systems?

| scienceDirectcom < > P X

(a)

Mola Fraction of HZ

Mole Fraction of H2
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© : :
(c)
CFD simulation and experimental study of a hydrogen leak in a semi-closed space with Visit

the purpose of risk mitigation - ScienceDirect

(Science Direc)t

Permeation & Leakage

H2 permeation
through inner tank

outgassing
inner tank

— leaks

outgassing
outer tank

(NASA Artemis open source data).

«— air permeation
through outer tank

(Semantic Scholar) AI R BUS



Safe Life systems?

Crack Slze I—Safe Life

Safe Life=N/SF
{SF=3-8)

Crack Initiation

Unstabl
Fractur

0

The safe-life concept for ensuring a sufficient service life.

(Research Gate)

Resldual Strength

Required Residual Strength
Crack Size

Critical

Crack

Detectable
Crack

. Inltlal Crack

Airbus Amber

Time Available
for Inspections

]

The damage-tolerance concept for ensuring a sufficient service life.
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Multiphysics CAF Aleatoric and Epistemic uncertainty

Building Credibility

Credibility
( Eamed by communicating )

Your demnslra!e@ge & competence

P

A Belief ?

Perception? ( Earned through action )
An Your ethical &‘@;e behaviours
Assumption?
Trust
( An innate characteristic? + Ethics )

(WWW Stakeholder management)

(Aerospace testing symposium 2022, Farnborough)

Model Credibility

PRINCIPLED UNPRINCIPLED

Radical
uncertai

PREDICTION

Simplicity,
consistency
& explanatory
power

Epistemic
— 3
properties

ASME V&V
10-2006

&

CEN 16779

R0DICTION

Friedman
approach

BLE MODELS

Validation &
confirmation

TESTA

Patterson, E.A., On the credibility of

engineering models and meta-models,

J. Strain Anal., 50(4):218-220, 2015

...
Clean Skyz | r

NOWN PHYSICS UNKNOWN PHYSICS

UNIVERSITY OF

LIVERPOOL

L R

Airbus Amber

No empirical
evidence &
physics not
understood

Predictive
ability favoured
over veracity

of assumptions

MOTIVATE (Project No. 754660)

Images: hitp://mars.nasa.gov/msl/mission/overview/ & www.esa.int/spaceinimages/ima 20130

(Patterson, 2018)
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Multiphysics CAF Aleatoric and Epistemic uncertainty pirbus Amber

Flying Test Bed confidence

Crew safety

Airframe safety

System safety

(Aerospace testing symposium 2022, Farnborough)
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Conclusion

TRL6 requirements

Multi-scale structure-
property modeling

14
(Aerospace testing symposium 2022, Farnborough)
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