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This PhD project develops a high-fidelity Digital Twin of an aircraft
electromechanical or electro-hydraulic actuator using real flight data. The
model will support Prognostics and Health Management (PHM) through fault
diagnosis, Remaining Useful Life (RUL) prediction, predictive maintenance,
and Al-based methods. Integrated into Leonardo's VIBES framework, the
solution will be validated on industrial use cases and designed for scalability
across aircraft platforms.

The PhD project aims to develop a Digital Twin of an aircraft servoactuation
system—either an Electromechanical Actuator (EMA) or an Electro-
Hydrostatic Actuator (EHA)—installed on aircraft manufactured by Leonardo
Sp.A.and supported by real flight data.

The research will focus on developing a high-fidelity digital model of the
system, encompassing the entire control chain and its integration within the
Flight Control System (FCS) architecture, with the objective of accurately
reproducing its dynamic and functional behavior under real operating
conditions.

The Digital Twin will be employed to enable advanced Prognostics and
Health Management (PHM) capabilities, with particular emphasis on:

0 system health monitoring and diagnostics;

0 Remaining Useful Life (RUL) estimation;

o0 predictive maintenance based on data-driven and physics-informed
methods;

o0 integration of Artificial Intelligence techniques to enhance operational safety.

The research will be carried out within the Digital Engineering processes
adopted by Leonardo Sp.A. and wil be designed to be scalable and
transferable to both next-generation aircraft programs and legacy platforms
with available historical data.

Background




The aerospace sector is evolving along two major directions: the progressive
electrification of actuation systems and the widespread adoption of Virtual
Engineering throughout the product lifecycle. In this context, the Digital Twin
has become a key enabling technology for monitoring, simulation,
diagnostics, and prognostics.

Despite significant advances in PHM research, several challenges remain:

o diagnostic and prognostic algorithms are often developed as standalone
solutions that are difficult to integrate into multiphysics co-simulation
environments;

Remaining Useful Life estimation still exhibits considerable uncertainty for
safety-critical certified aerospace applications;

several critical subsystems, including actuators, braking systems, and landing
gear, remain relatively underexplored.

o Within this context, Leonardo's VIBES (Virtual Based Engineering System)
ecosystem, based on co-simulation of Functional Mock-up Units (FMUS)
compliant with the Functional Mock-up Interface (FMI) standard, provides the
ideal infrastructure for developing and validating an integrated PHM solution.
The PhD research will contribute both to the development of the required
models and algorithms and to the evolution of the industrial framework that
hosts them.

The project aims to:

o develop high-fidelity physics-based models of the target systems,
exportable as FMI-compliant FMUs;

0 design hybrid Fault Detection and Isolation (FDI) algorithms combining
physics-based models and data-driven methods;

0 develop degradation models and RUL prognostic algorithms with
uncertainty quantification;

o integrate the PHM module into the VIBES framework as either a dedicated
FMU or an orchestrated service;

o validate the framework using industrial case studies and real operational
data;

o define guidelines for extending the proposed methodology to additional
classes of aerospace systems.

The expected outcomes include:

a hybrid PHM methodology suitable for applications with limited fault data
availability;

a rigorous framework for Remaining Useful Life estimation with uncertainty
guantification;

an architecture fuly compatible with FMIFMU-based co-simulation
environments;

a transferable approach applicable to different classes of aircraft actuators;

a high-fidelity Digital Twin of the target servoactuation system;

a reusable library of physics-based models and PHM components integrated
into VIBES;

FDI and prognostic algorithms validated using real industrial use cases;
guidelines for extending the framework to additional Leonardo aerospace
systems.

_Perspective candidates should have a background in mechanical,




aerospace engineering or equivalent and a solid understanding of
mechatronic systems dynamics, modeling and simulation. Previous
experience with the definition of diagnostic/prognostic techniques, simulation
model scaling and advanced grey and black-box modeling techniques are

recommended but not mandatory.




