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Get Materials Data Right - Accelerated Testing ?

– Hydrogen-Environment Assisted Cracking (HEAC)
– Basic Primer

Material Load

Environment

  Failure

Time
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H-Environment Assisted Cracking (EAC) in new generation 7xxx Alloys

EASA-SIB Alloys:
● 7037, 7040*, 7055, 7085, 7099, 

7140*
● ST direction 
● Not all alloys used in A380

* only T7651 temper
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SCC vs HEAC Failure Modes

HEAC crack from Airbus Asset

AA7037 -  Crack Surface
Intergranular fracture with no obvious corrosion attack or pitting

SCC test acc. to ASTM G 47

AA7037 @ 3,5% NaCl & 240MPa 
Intergranular fracture with grains affected by corrosion

Mismatch between ASTM accelerated test and real-life failure mode
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SCC vs HEAC Failure Modes

HEAC Testing according to Airbus Test StandardSCC test acc. to ASTM G 47

Experimental Conditions
● Specimen: 60mm round bar
● Load: Constant 85 % Rp0.2 (70 °C)
● Environment: air at different humidity levels
● Temperature: 70°C

Experimental Conditions
● Specimen: 60mm round bar
● Load: Constant 30-85 % Rp0.2
● Environment: 3,5% NaCl alt. immersion
● Temperature: RT

Test output: time to failure in days
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SCC vs HEAC Test - Time to Failure

SCC test acc. to ASTM G 47

7075-T6
7085

EAC Testing according to Airbus Test Standard

7075-T6
7085

3,5 % - NaCl immersion test is not lower boundary for 7085 
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HEAC Contributing Factors

Amount of metallic Zn/Mg and grain structure

Low levels of stress in ST promote HEAC

Below 0°C negligible, above 0°C the higher the faster

Always present H-source (cap at high values)

Microstructure

Stress

Temperature 

Humidity
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Advanced Metals Research Programme (AMRP)

Reconstructed and segmented particles present in a PFIB AA7050 alloy 
(grain boundaries)
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Airbus Corrosion Prevention Principles

Severity of electrolyte and typical water 
pooling area in the fuselage 

likelihood
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REACH** Ban of Chromates* 

* Chromates (Chromium VI compounds) in the scope of this document: Strontium Chromate and Potassium hydroxyoctaoxodizincatedichromate (Zinc Potassium Chromate)
** REACH: Registration, Evaluation, Authorisation and Restriction of Chemicals, Regulation (EC) 1907/2006 
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New Cr-free primers introduction: new tests and in-service verification

Standard Salt Spray Test:
● Neutral NaCl Sol (50 g/l)
● 35 °C const. temp

Cyclic Corrosion testing with adapted 
conditions
• Temperature Cycles: -60°C to 80°C
• Humidity: 30% to 100%
• Limited amount of salt vapour In-service validation of the paint 

system
● Lead Fleet Approach

Risk mitigation
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The Power of Data

Design

Continuous improvement

Manufacturing

In-Service / 
Operations

– Airframe Digital Twin

EC_Not Technical



Airbus Amber

Copyright Airbus Operations GmbH, 2023 / Not listed under Export Control Classification Lists 

NEED 
“multi-disciplinary” 
DATA per MSN

SUPPORT
PRODUCT 
DEVIATIONS & 
ISSUES

IMPROVE TIME TO 
ANSWER
Contribute to NEW 
SERVICES 

Improve PRODUCT 
ROBUSTNESS 

TWIN OF REAL PRODUCT

Use twin data for 
services (internal or 
external) Maintain

Digital Twin Concept 

DIGITAL MODELS

Models representing A/C as 
planned (only digital)

Develop

Operate

Deliver

Enrich digital models with data 
coming from REAL product

NOT A TWIN ! BECOMES A DIGITAL  TWIN
Manufacture

Feedback loop to product 
development
(incremental)
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Digital Footprint

Quick access to stress 
results

Structural Test findings

3D solutions and services for Non 
Conformities Process

“As delivered” view for customers

In-service corrosion & NDT findings End to end digital repair 
scenarios
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Example of Added Value - Corrosion Digital Twin

Mapping of corrosion findings with average location

Mapping of corrosion findings with exact location Mapping of application of open foam tape

Mapping of corrosion findings on a cargo door sill

Map of corrosion findings → tailored design, tailored surface protection & tailored maintenance 
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And the Fatigue Digital Twin ??
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Smarter Testing
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Do we still need full scale fatigue testing ?

A321 Wing - Wing Fatigue Test
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Current Testing Approach

A350-900 Test Pyramid

*5

*33

*272

*1886

*15363

*36429

AS-IS today
• Extensive and expensive structural testing
• Structural certification requirements CS25 
• Test validated stress methods and analysis processes
• Working in silos (physical-virtual-customers)
• No single point of access to data

Way forward
• Traditional testing pyramid approach needs to be optimized
• Radical rethinking of conventional certification processes 
• New and novel ways of testing and data acquisition
• Integrate Virtual Testing and physical testing
• Exploit data analytics and design of experiments

EC_Not Technical



Airbus Amber

Copyright Airbus Operations GmbH, 2023 / Not listed under Export Control Classification Lists 

Smarter Testing and Rapid EF

Smarter Testing (ATI funded)
• Data driven platform providing a single point of access to 

virtual and physical test data
• Physical Testing Solutions: measurement technologies, 

quantitative data correlation, analytics and test optimization

Rapid EF (Lufo funded)
• Loading technology demonstrator
• Virtual Sensors  linked to Digital Test Twin
• Cycling in Resonance
• Damage prediction by AI

EF: essai fatigue - full scale atigue test
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Data Acquisition Toolbox

1

2

3

Laser Tracking 

Photogrammetry

Digital Image 
Correlation

Thermal Stress 
Analysis

Photoelasticity

High Speed 
Cameras
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Rapid EF

Objectives
• Reduce testing time for complex fatigue tests by 50%
• Perform 1 DSG before first flight

Enablers:
• Reduced instrumentation

– Virtual sensors coupled with digital twin
• Smart fast cycling close to the resonance frequency

– Prediction of response function
• Automated inspection and evaluation
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Advanced Quantitative Data Correlation

Automated quantitative data correlation methods and processes to be developed:
• To enable comparison between physical and virtual test data
• To see a real deterministic value of coherence and variance in a complex structure
• To reduce analysis times.

Main Challenges
• Data fusion

– Data from multiple systems
– Different native tools
– Coordinate systems alignment
– Spacial/temporal differences

• Uncertainty quantification
• Decision making
• ….and many more
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Ambition to be the first to offer a zero-emission commercial aircraft by 2035

ZEROe concept aircraft powered by hydrogen

Leading the way in the decarbonisation of aviation

[ Airbus Amber ]
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The Aviation Sector Commitments – CO2 Emissions

In October 2016, The International Air Transport Association (IATA) reaffirms commitments to reducing emission..

The target

Continue as today

Rethinking

Innovation

Ecodesign
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Decarbonisation Roadmap

Today
All Airbus aircraft fuelled 

with Jet A1

SAF approved up to 
50% blends

2025-2030
Airbus fleet 
certified for 
100% SAF

2035
Entry into service of 
ZEROe Hydrogen 
powered aircraft

2050
Entire fleet powered by 

Hydrogen and SAF

Ramp up in production 
of green aviation fuels

Production of green 
hydrogen, biofuels and 

Power-to-Liquid

Development of H2 technologies &  
Capabilities

LH2 tank and fuel systems
Electric motors

Refuel ground operations

A350 emissions measurement with 
100% SAF

Airbus ZEA Flight 
Demonstrator 

(A380)
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TLIRs

Airbus Amber[ Airbus Amber]
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Physical Based H2 Storage - How to store liquid hydrogen for zero-emission flight

❑ Storing hydrogen on-board an aircraft poses several challenges

❑ Airbus is now designing cutting-edge liquid hydrogen tanks to facilitate a new era of sustainable aviation

❑ Inner and outer tank with a vacuum in between, and a specific material, such as a MLI (Multi-Layer Insulation)

Source  : https://www.airbus.com/en/newsroom/news/2021-12-how-to-store-liquid-hydrogen-for-zero-emission-flight
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ZeroE Testing Capability Development

Stress & Design Permeation Embrittlement: low Temp and H

Thermal Cycling of Dissimilar Materials

Moveable Parts in Cryo-Conditions

Thermal Insulation and Outgassing

……and some more

EC_Not Technical



Airbus Amber

Copyright Airbus Operations GmbH, 2023 / Not listed under Export Control Classification Lists 

Smarter Coupon Testing….an idea

Reduction of test volume by using sub-sized specimens in combination with simulation and AI

Some examples

● Static properties

○ Small Punch Test

○ Profilometry-based indentation plastometry

● Toughness 

○ Chevron testing for KIc

○ Kahn Tear for R-Curve

● Fatigue

○ Cyclic plane testing

● …..and many more  

Bruchhausen et. al. (2016)                   Ooi et al. (2023)                      ASTM E1304, Newman (1984)    

Pirondi et al. (2009)   Nicoletto (2017)                           
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Top level planning - test pyramid

Structure test pyramid triangle

Virtual testPhysical test

“True” pyramid……

Virtual test
Physical testStructure

Thermal

Systems
CFDEMF

Particular ris
k
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Wrap Up 

– Get Material’s Data Right - accelerated testing 
– The Power of Data
– Smarter Testing
– Testing for ZeroE
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