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The approach could also provide additional 
benefits by giving operators insight into the 
loads experienced by an aircraft during operation 
through the measurement of its weight. If, 
accurate, real-time weight measurements were 
collected, then processed and analysed in 
combination with other parameters from the 
aircraft, generation of real time service life updates 
of structural components becomes a reality.

In this paper, we take a detailed look at the 
potential benefits of the digital twin approach 
for structural life prediction. We consider the 
data that needs to be collected to enhance 
life predictions in civil aerospace, the physical 
limitations involved and what level of 
investment would be required. 

Why create a digital twin?
As defined by General Electric, “a 
digital twin is a dynamic digital 
representation of an industrial asset, 
that enables better understanding 
and prediction of the performance 
of machines.”

Advanced technology that blurs the lines between the physical 
and digital worlds is enabling aircraft operators to extend 
the life of their fleet. Using a digital twin engineers can more 
accurately determine the life of structural components. The 
information can then be used to improve performance, generate 
savings or increase operational flexibility.

Each asset has its own digital twin and 
operational details can be accessed throughout 
the asset’s life. By collecting and exploiting 
in-service data from the asset, enhanced 
predictions can be made regarding its condition 
to increase its operational value.

Aircraft structures are designed to be as 
weight-efficient as possible and, as a result, 
require design to avoid fatigue failure. The 
fatigue analysis results are used to define the 
operational life of the structural components 
and, hence, the aircraft.

Material fatigue performance is dependent on 
the molecular level of component geometry. 
It is not currently possible to interrogate the 
molecular structure of a component without 
destroying it, so fatigue analysis methods rely 
on empirical material data that reveal a wide 
scatter in the fatigue performance of seemingly 
identical materials with identical geometrical 
features. This scatter is what defines the 
physical limitation of fatigue prediction and 
appropriate safety factors are included when 
defining component lives.

Introduction
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During the fatigue analysis, a load spectrum 
is assumed and when combined with the 
appropriate material data, the life of a 
component can be determined. A digital twin 
approach, with appropriate sensors added to 
the aircraft, would enable the load spectrum 
to be continually updated based on the actual 
loads the aircraft experiences and the resulting 
life prediction would be adjusted accordingly.

If the aircraft experiences lower loads during 
service, more flights could be allowed, 
maintenance intervals could be extended or 
spare parts taken from retiring aircraft. The 
reverse is also true. No data on the details of 
the actual components, such as the detailed 
geometrical measurements, are required to 
support this approach. It could be referred to 
as a low-fidelity twin model characterised by a 
catalogue of the components in the aircraft and 
dynamic input data.

Data requirements 
and collection
Most of the loads experienced by an aircraft 
are proportional to its weight, which makes this 
the vital input. Currently, we cannot accurately 

measure the weight of a large civil aircraft 
during operation without cumbersome ground 
equipment and instead rely on a calculation 
made by the flight crew using assumptions, 
which won’t be as accurate as a measured 
value and could be prone to human error. As 
an example of the potential benefit, a 20% 
reduction in weight for all flights an aircraft 
ever makes could lead to life improvement of 
up to 200%. This is highly dependent on many 
variables and is considered an extreme case, 
but it gives us an indication of the effect of 
weight. Similarly, a reduction in life is possible 
for aircraft operating at maximum weight 
all the time. By collecting measured aircraft 
weight data, the overall trend across a fleet is 
most likely to be an extension of the average 
life of the aircraft.

To collect aircraft weight data, sensors 
must be added to the aircraft, which is 
not as straightforward as it may sound. A 
project within the EU Clean Sky 2 research 
programme, Advanced Landing Gear Sensing 
& Monitoring (ALGeSMo) is being led by Airbus 
and targeted at providing appropriate sensors 
for this purpose. In addition to knowing the 
total weight, the aircraft’s centre of gravity 
should be identified to enable the distribution 
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The potential increase in component fatigue 
life for a high-fidelity geometric approach 
would be small compared with the opportunity 
afforded by the low-fidelity approach 
described, with a far higher investment cost. 
A simplistic assessment, using a typical 
aerospace manufacturing tolerance range, 
suggests a ±5% delta on component life. This 
is up to two orders of magnitude below the 
low-fidelity approach, but with a substantial 
increase in the investment and the amount of 
data required. This is due to inherent material 
fatigue performance being dependent on 
molecular level component geometry. If this 
were even possible, any scanning of aircraft 
components to this level of detail would result 
in an extremely large amount of data; how 
many parts make up an aircraft structure and 
how many degrees of freedom are present?

of load through the aircraft to be determined. 
Sensors on the landing gear could be used 
for measurement when the aircraft is on the 
ground, but a different approach would be 
required for monitoring during flight.

From weight data, a next step could be making 
use of the aircraft control system data to 
exploit the control inputs and responses. This 
would enable manoeuvre events to be captured 
in the life prediction and would make use of 
data that the aircraft is already producing. 
The weight data that was captured would 
have to be combined with the control data to 
determine loads. Dynamic event occurrences, 
such as gusts and taxiing bumps that don’t 
arise in response to a control input, could also 
be captured using accelerometers.

Cost versus benefits
Given current technology, the potential 
investment required for a low-fidelity approach, 
as described, would be minimal compared with 
the value it would create, for example, through 
optimising operations and fleet usage. There 
would still be many challenges to overcome, 
including how to deal with missing data and 
verifying the robustness and airworthiness of 
the approach. Indeed, this type of digital twin 
is already in-use in civil aerospace by engine 
manufacturers for a variety of purposes.

One could then suppose that if more data 
were available, a high-fidelity twin could be 
populated and that further improvements in 
aircraft structure life-optimisation would be 
possible. A high-fidelity twin adds detailed 
knowledge about the initial condition of the 
asset, such as detailed component geometry, 
mechanical assemblies and system calibration 
details, and updates these during the asset’s 
life from the collected data. A factory of the 
future using Industry 4.0 technology would be 
able to populate such a high-fidelity digital twin 
automatically during manufacture.
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Conclusions
Digital twins can offer improvements to 
civil aircraft fleet life management, but 
the cost-to-benefit ratio is an important 
consideration. Understanding the end-
goal is useful to help define the stepping 
stones to achieve this and generate value 
in the process. A low-fidelity twin approach 
incorporating measured operational weight 
for civil aircraft operation is a relatively 
low cost starting point, with clear potential 
to extend life. A high-fidelity geometric 
approach, while interesting, is unlikely 
to provide much benefit with present 
technology and costs.

To realise the potential of life predictions 
with a digital twin, the measured aircraft 
weight is a key data point that is not 
currently available. Once measured aircraft 
weight data is available, exactly which 
additional existing data points could be 
useful, any additional ones that may be 
needed, and how to combine them is an 
area for future study.
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