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Recap, ICAF 2017 Airbus Amber

Objective of PVT

Creation and validation needs
Gaps - F+DT

The challenges in Airbus to replace Full Scale Aircraft DoE large data

Fatigue Testing by Predictive Virtual Testing g;%/iﬁ:ot{ggnii‘;rg?g;‘g; from Pyramid to

Ladder
Need for increased confidence

Advanced Numerical Analysis and modelling and simulation.

Name Linden HARRIS ; Expert for Testing, Airbus SAS

Jun 2017 AIRBUS
AIRBUS




Post ICAF 2017 - SMARTER Testing ATI T

: : / A I
Smarter Testing - Data Driven Platform ”

SMARTE™
TESTING

Test Requirements Management and Planning Test DMU Creation, Management and Assembly
Test Customer Design, Verification & . \
Requirements Configuration and Validation Strategy Flen ar'mrcisstcshedule MZ?t Er:nt V'&‘::}J‘:St
Management Alignment to Regs and Plan . Dbasial Tack
ysica
Models
ENABLERS
Virtual Test
Tkt Dats Execution and
Ogtologles and Exchange _ Results
ata Models Shaciiicalions Dissemination
\ / —//

Update Verification :
Rolup am s & Validation Plan Physical Teel Physical Test Physical Test
{Epotg fo according to St e Execution Assembl
cerification bodies 9 Results Delivery Y
changes & Issues
Correlation, Validation and Deployment Physical Test Execution and Monitoring

s AIRBUS



Post ICAF 2017 - SMARTER Testing AT pirbus Amber

Airbus Amber

Hybrid Testing

“~._ 3DEXPERIENCE" -

Smarter Testing

Data Driven Platform - DDP Physical Testing Solutions - PTS
3 Collaborative environment | = Advanced measurement
based on 3DEXPERIENCE technologies

?- Single point of access to Advanced quantitative data

-

vitual and physical test correlation

data 7 Advanced data analytics
B

3 Digital continuity across all Test optimization

test activities

’ AIRBUS AIRBUS



Airbus Amber

Post ICAF 2017 - SMARTER Testing ATI

Airbus Amber

Structures Testing - To-Be Test Pyramid

Next Hybrid Test Pyramid for Airframe

Hybrid Test Pyramid

>~ Mixture of Virtual Testing and
Physical Testing at most levels
»- Virtual / Physical correlation at
A lower levels used to support
T — \& A virtual testing at higher levels
Q »- Virtual testing used directly to
Y support certification

Level 1 - Major Test

Level 2 - Components &

Level 4 - Detail

6 AIRBUS -~ AIRBUS



Airbus Amber

Post ICAF 2017 - Credibility Assurance Framework Industrial working group

Airbus Amber

Refresher; How to build confidence?

® Definition;
— Confidence is a state of being certain either that a hypothesis or prediction is correct or that a chosen course of action is

the best or most effective. wikipedia)

— Confidence is the quality of being certain of your abilities or of having trust in people, plans, or the future. (cambridge

dictionary)
* Or by the understanding of Uncertainty; Testing {> ___< VT .
* High complexity — validation L T
PVT capabili
* The process of evaluating PVT capability to AIC & Component validgtionty

determine whether it meets the specified
requirements.

Subcomponent
(Panel, Joint)

* The process of evaluating the PVT methods
development (not the PVT capability) to
determine how they meet the specified
requirements. Coupon

* | ow low — verification

PVT Methods
verification

AIRBUS 3US

: Test Pyramid



Airbus Amber

Post ICAF 2017 - Credibility Assurance Framework Industrial working group

“Industry Standard to Promote and Support Airframe
Structures Modelling & Simulation for Certification”

Airframe Structures M&S Credibility Assurance Framework (CAF)

Product Decision
Making

Product Requirements
(SOW, Performance, Budget,
Schedule, Cert Approach/Regs, etc.)
o R —" S— et igwiindey | |
1 Scope Management - Competency Management - MA&S Software Management
T s g =t L !
I MEs [ credibility Assessments | | :
I { I 1 | |
1 Simulation MBS Plan Modeling & @ Simulation AN LI
1 Requirements & V&V Plan V&V Execution Application ] :
) ] ] ! ! Ly
M&S Plan MES VAV MRS Application |

: V| et [ vasr | oport epor ;!
I : Maturity & Gap I |

M&S Requirements. A I
I Matrix - | I
I [ vaven ] I

I

L e e e e e e e e e e e e e e e e e 2 o Iy
N N -
| Applicant / Regulator Engagement I

Engineering

- Projedt
Deliverabics

n
2Z9
I

redibility

ssessment
ecivion Gales

Figure TBD: M&S Credibility Assurance Framework

@

Analysis
Problem
r e > (Real World) €< "
4 N\
/
LN
/ / \ Validation of
S — M&S Sensitivity Required M&S Snmulat-non Model

] Studies and Test Physics Requirements

' Correlations \
Validity of
M&S data ,

/ mON\ ¥

- \ 2
P Simuiation ‘e | M&s Specification @

M&S application Model
: ' A
;  Creation |

Simulation Model
Verification

M&S Working and V&V Framework
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Summary; LH2 - Introduction

A350 emissions measurement with
100% SAF

Airbus fleet
certified for
100% SAF

Today

All Airbus aircraft fuelled
with Jet A1

Development of H2 ?,echnologies &
Capabilities ;

© - LH2 tank and fuel systems
Electric motors
Refuel ground operations

(Aerospace testing symposium 2022, Farnborough)

¥ Entry into service of
ZEROe Hydrogen
powered aircraft

Airbus ZEA Flight
Demonstrator

Ran'ip up in production
of green aviation fuels

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

Decarbonisation Roadmap
AIRBUS

Airbus Amber

AIRBUS



Airbus Amber

Summary; LH2 - Introduction

We expect to make the necessary

IntrOd UCing Ai rbUS Z decisions on the best combination of

hydrogen technologies by 2025.

’,h 1,0004+nm

Blended-Wing Body
',t\ 2,000+nm

« Turbofan

10
(Aerospace testing symposium 2022, Farnborough) AI R B Us



Summary; LH2 - Introduction

/FROB® Hydrogen combustion demonstrator

A380 A\ Hydrogen
multimodal combustion
test platform engine

with its capacity located along

| ' the rear fuselage
hydrogen tanks

4 liquid Liquid
hydrogen hydrogen
tanks distribution

stored in system

a caudal position

AIRBUS

11

(Aerospace testing symposium 2022, Farnborough)

Airbus Amber

AIRBUS



Airbus Amber

Summary; LH2 - Introduction

Hydrogen Storage

https://www.compositesworld.com/

'war principle nsulation l IRBUS
12
(Aerospace testing symposium 2022, Farnborough)




Multiphysics challenges for ATA based certification

Structure V&V

MOTIVATE Protocol

Object of interest  Geometry

Decision criteria

Properties

Data Management
Plan Creation

Prior models
Assumptions

Available physical artefacts
Available measurements

/ Plan /

'

]

Prior Predictions,

u;'m':,:“ Saecrﬁ:anon' Prior Predictions,
Modellin.tude.'.u.k new/additional Uncertainty &
& Validation Metric simulations lodelling Credentials,

Specification f

or H:stoo:al
Measurement
E\;ahdanon‘ Data &
paskmen Uncertainty

Model Building

Modelling & Simulation
Physical Testing

Mode!
credentials

Measurements
& Uncertainty,

Representation of real-world
[described by a validation metric]

Decision-maker’s Review

Refine model &
supporting evidence

Fig. 1: A revised version of the MOTIVATE validation flowchart, up

Accept

Ol

Utilise predictions

lative to Hack et al.” following user feedback.

The coloured boxes represent sub-charts broken out in tabular form over the next sections.

13
(Aerospace testing symposium 2022, Farnborough)

Systems V&V

Airbus Amber

Certification

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

N

Structure test py@(d triangle “True” pyramid......

— e e e e

PROOF OF A/C STRUCTURE
ANALYSIS PROCESS
VERIFICATION

mponent DESIGN & ASSEMBLY CONCEPT
AND

ANALYSIS METHOD

DEVELOPPEMENT

MATERIAL EVALUATION
AND
STRENGTH

CHARACTERISATION

Physical test Virtual test

14
(Aerospace testing symposium 2022, Farnborough) AI R B Us



Multiphysics challenges for ATA based certification

dosage
unit

leak

detector

CFRP

specimen

liquid

nitrogen
Liquid He

Lcak

detector jpsg .‘

=
Vacuum

cryogenic chamber/
specimen fitting

Airbus Amber

/ RT circuit box
e —4p g :
tank -
N2 outlet
LN2
iniet

=
Homemade

togo

PT100 probes~7
'\\‘(2 LN2 levels)

Airb

(Aerospace testing symposium 2022, Farnborough)

us Structures Test capability development




Safe Life systems?

L: ScienceDirect.com < > X
1 3mo1o2m 1 oam
S
ad y .
0 2 - 2 8 - 5 3 £ — ﬁ
b e,
A A / Mole Fraction of H2
» L ¥ z o 0.02 0.04 0.06 0.08 0.1
s e :
(a)

E ~ Mole Fraction of H2 Mole Fraction of H2

0.06
!QOS

(b)

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

Hj 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 B U s



Safe Life systems?

Crack Slze l—s:afe Life

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

A

Crack Initiation

Unstabl
Fractur

0

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

(Research Gate)

Resldual Strength

Required Residual Strength
Crat:.!( Size

Critical

Crack \

Detectable
Crack

/ Inltlal Crack

/

’_

Airbus Amber

Time Available
for Inspections

The damage-tolerance concept for ensuring a sufficient service life.

AIRBUS



Multiphysics CAF Aleatoric and Epistemic uncertainty

18

Building Credibility

A Belief ?

Perception?

An
Assumption?

(WWW Stakeholder management)

Credibility
( Eamed by communicating )

Your demns!ra!ec@ge & competence

e

Respect
( Eamed through action )

Your ethical @e behaviours

Model Credibility

Simplicity,
consistency
& explanatory
power

ASME V&V
10-2006

&

CEN 16779

Trust
( An innate characteristic? + Ethics )

Patterson, E.A., On the credibility of

(Aerospace testing symposium 2022, Farnborough)

engineering models and meta-models,
J. Strain Anal., 50(4):218-220, 2015

9

Clean Sky2

(Patterson, 2018)

»,
[ )

(Vs
L
'—

PRINCIPLED

UNPRINCIPLED

Epistemic
>—
properties

[ ——

PREDICTION

Radical
uncertai

Validation &
confirmation

DICTION

Friedman
approach

'&°'d UNIVERSITY OF

K
(o]
v
E

o b2
32 > 4

& LIVERPOOL

NOWN PHYSICS UNKNOWN PHYSICS

Airbus Amber

No empirical
evidence &
physics not
understood

Predictive
ability favoured
over veracity

of assumptions

Images: http://mars.nasa.gov/msl/mission/overview/ & www.esa.mtfspacezmmages/lng; 2013f01]
.

AIRBUS
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Multiphysics CAF Aleatoric and Epistemic uncertainty

Flying Test Bed confidence

Crew safety

Airframe safety

Ultimate load
factor n=1.5nm,

Proof load
factorn =1.25n,

_____________________

e . e . e . e o — — —_— - -

System safety

Definition of Margin of Safety

Tank
Pressure

Ultimate Failure Point (Not Known Pracisely -- NOT used in USQ process)

© AIRBUS S.A.8.2005 _  photo by ¢'m company /1
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(Aerospace testing symposium 2022, Farnborough)

A C worst-case value KNOWN to be safe based on engr analysis
I S
Positive E OE D
5 stall i £ y Margin of Safety
° : 2o PR
2 H 22 - ny (limit load)
1 . ola @
- , Level flight =, & ®
3 or—/r o g | |
et Ve | 3 0 _ “Peak Value” of Worst Case
) L A H e Pt Calculated Results
§ | Va Vel Yo spe . Pressure
g [ : n3 Transient
Y I Normal operating pressure
F E
Negative stall

AIRBUS



Conclusion

TRL6 requirements
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(Aerospace testing symposium 2022, Farnborough)

Multi-scale structure-
property modeling

Airbus Amber

AIRBUS



Airbus Amber
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Will the metaverse transcend the status quo?: Challenges to overcome for relying
on multiphysics smarter testing and simulation in aerospace

L. Harris™

‘Airbus Ltd, Aerospace Ave, Filton, Bristol BS34 7PA, UK, “linden | harris@airbus.com

Abstract. Smarter testing and simulation of aerospace structures can allow development lead-time and
costs to be decreased when compared to the current methods, which rely almost solely on physical testing.
By combining outputs from computer simulations with physical approaches, an optimised process of hybrid
testing, based on the concept of a digital twin, can be applied throughout the lifecycle of a product from
development to certification.

But now our challenge is to integrate cryogenic LH2 fuel storage and distribution systems into our airframes
which will require our thinking to transcend into a multiphysics world, with a high level of credibility.

Introduction

The development and certification of asrospace structures reguires significant investment from industry in
time, labour, and money and can have a major impact on competitiveness.

Physical testing of aerospace materials from coupons to compenents through to full-scale aircraft allows
the behaviour under flight conditions to be observed and quantified, permitting the development of new
components and aircraft (i.e., the status queo). The use of simulation and augmented reality (metaverse)
technologies, combined with this physical testing, allows a “digital thread” to combine information from the
full product lifecycle. These changes have the potential to decrease development lead-time and costs, and
therefore make the design and certification process more efficient and competitive.

The reliance on a digital thread and associated simulation tools is increasing almost exponentially in
industry, mainly in order to decrease the development lead time but also to improve product robustness or
maturity. For the aerospace industry the need to maintain product safety is paramount and the certification
process is mandatory to ensure this is achieved. But there is also a business and market need to develop
and manufacture aircraft faster so we can replace the aged inefficient flest powered by fossil fuels with more
modern clean and environmentally efficient airliners [1].

The challenges of integrating a LH2 fuel storage and distribution system into our airframes will cause us
to examine how our different physics interact, how they are linked together, and more importantly how the
uncertainties propagate between them and are validated. It is likely to challenge the "ATA™ based certification
meaning in place today in particular how traditional systems certification can be thought of as safe life.

Model validation

In order to use simulation in the place of, or in combination with, physical testing, confidence in the computer
simulations must be assured. This assurance can be provided using gquantitative validation, where the
prediction outputs of models are compared to “real-world® measurement data and an assessment can be
made of how well the predictions represent the measurements [2,3].

However as most of this validation relies on traditional measurement techniques, these will need to be
repurposed for multiphysics validation in order to be able to measure the individual parameters identified by
the multiphysic simulation. Our challenge is to be able to derive a credible validation which fully describes the
new environment of our Airframe.

References

[11 L Harris The challenges in girbus to replace Full Scale Aircrait Fatigue Testing by Prediclive Virtusl Testing 35th ICAF Conference
(2017) p. 1226-1231.
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