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Context

The evaluation of the condition of an airframe and its associated life potential is a holistic process including the assessment
of aspects such as usage patterns, fatigue data, widespread fatigue damage data, corrosion prevention data, corrosion
findings, maintenance tasks, structural strength data, accidental damages, repairs and modifications.
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Fatigue Digital Equivalent

This evaluation is enabled by the creation of a ‘Fatigue Digital Equivalent’ (FDE) of each aircraft of the fleet, which
comprises all the relevant information of the so-called ‘Degradation Assessment Locations’ (DALS). Currently, the standard
FDE includes 200 to 1200 DALs, depending on the aircraft type, and the number is higher in the FDE+ version.
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Fatigue Digital Equivalent

The long-term roadmap of the digital twin for fatigue life prediction includes three ‘waves’ in addition to the FDE. The
definition of the waves includes the coordinated allocation of progressively more sophisticated features corresponding to five
main development axes (Analysis type, Configuration, Modelling fidelity, Structural scope, Degradation phenomena covered),
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Architecture

Following the classical digital twin definition, three essential parts are considered in the FDE: physical space, virtual space,
and interconnection between physical and virtual spaces.

PHYSICAL SPACE

PHYSICAL SYSTEM PHYSICAL OBJECTIVE ENVIRONMENT PHYSICAL SUBJECTIVE ENVIRONMENT
As designed configuration Inspections . . Intended usage
Service history
Repairs Modifications Optimum maintenance Optimum usage
= X
= - \
~
~ ~ \
INTERCONNECTION e \
~
~
e _ x
STRUCTURAL CONFIGURATION DISEIRGAAITION] (EsIZ s IET STRUCTURAL CONDITION
Degradation Assessment Locations (DALS) Degradation rates

Structural condition feedback
Remaining Useful Lives (RULs)

Environmental spectrum

Load spectrum

VIRTUAL SPACE

AIRBUS

31st ICAF Symposium — Delft, 26-29 June 2023 5



Not technical (this data is not subject to Export Control)
A Holistic Digital Twin For Service Life Extension Programs

Architecture
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Architecture

In practice, the virtual space of the FDE/FDE+ is implemented by means of an ecosystem of ‘integrated tools’ that work as
LEGO bricks. Thus, an integrated tool is built by combining one or several ‘general/shared tools’ (e.g., a tool to find the model
that is applicable to a particular structure zone) with other ‘specific tools’ (e.g., a tool to perform the structure repair analysis
for the service repair manual), thus yielding one or several DABs. The resultant tools can be combined with others so new
tools can be easily created to enhance an existing process or to create new processes. This flexible and adaptive
development methodology enables a quick increase of the range of applications of the FDE/FDE+.
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Architecture

The FDE is initiated at certification date
with the creation of a ‘Version Type
Certificate Equivalent’ (VTCE). There
may be several VTCEs of the same
aircraft type (all of them derived from the
so-called ‘Type Certificate Master
Equivalent’).

Once the deliveries of specific
Manufacturer Serial Numbers (MSNSs)
start, individual instances of the VTCE,
called ‘Version Individual Equivalents’
(VIES), are produced containing the
specific combination of modifications,
manufacturing waivers, inspection
findings (or nil findings), changes of
usage, etc that make each airframe
unique.
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Interfaces

The FDE has been designed to work with data and, therefore, reduce the number of documents involved in the engineering
processes, documents are still needed and will be needed for a long time, particularly in the output side. Since the
models cannot be viewed directly by humans, documents as ‘written reports on the models’ remain part of the loop.
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Credibility

A Credibility Assessment Framework (CAF) based on the Predictive Capability Maturity Model (PCMM), is used to
structure the credibility assessment into complementary elements that cover the different contributions to the accuracy,
correctness and traceability of the results of the FDE.
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Applications

The FDE/FDE+ can extrapolate the future condition of each individual aircraft in case of expected changes in the
operational scenarios, thus suggesting the appropriate targeted maintenance actions in advance. This evaluation is made for
the whole airframe at the same time in terms of severity relative to a given reference.

Crack growth life

Fatigue life

AIRBUS

31st ICAF Symposium — Delft, 26-29 June 2023 11



Not technical (this data is not subject to Export Control)
A Holistic Digital Twin For Service Life Extension Programs Airbus Amber

Applications

The FDE+ version is able to integrate different degradation models in order to calculate the Remaining Useful Life (RUL),
rather than focusing on just one aspect of the degradation of the materials. For this purpose, environmental spectra
projections can be made for different Version Individual Equivalents (VIES) of the same fleet or even for several Version
Type Certificate Equivalents (VTCESs) with completely different environmental conditions.
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Conclusions

» A digital twin —called Fatigue Digital Equivalent (FDE) in its initial wave— has been developed to determine the condition
of the structure by simulating the occurrence, growth and eventual interaction of the different degradation sources

At its core, the FDE is an ecosystem of deterministic and probabilistic models representing all the aspects involved in
the airframe's safety including design, manufacturing, maintenance, repair, configuration management and flight
operations. The models are then incorporated into a set of holistic analyses used to estimate the remaining useful life of
the relevant elements
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» One of the main challenges of the construction of the FDE is the integration into a single repository of heterogeneous
sources of data, including design information created in many cases years ago, maintenance records generated over the
years following different formats and standards, and external in-service inputs provided by the operators
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