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Context of the
research
activity

The research focuses on advanced noise and vibration mitigation in oil-free
reciprocating compressors for railway applications. It addresses the dynamic
effects of variable speed and pressure operation through vibro-acoustic
modelling, source identification, and experimental validation, aiming to
develop cost-effective and scalable solutions for improved comfort, reliability,
and industrial applicability.

The proposed research activity focuses on the development of advanced
noise and vibration mitigation strategies for oil-free reciprocating
compressors used in railway applications. These systems are essential for
onboard pneumatic services, including braking and auxiliary functions, but
they may represent a significant source of structure-borne and airborne
noise. Their dynamic behaviour is particularly complex due to piston-induced
periodic excitations, pressure-dependent loads, variable-speed operation,
and interactions between mechanical and fluid-dynamic phenomena.

It is particularly relevant that conventional mitigation approaches, such as
mass balancing, structural stiffening, and basic passive isolation, are often
designed for fixed operating conditions and may show limited effectiveness
when applied to variable-speed railway compressors. In modern railway
platforms, where lightweight design, acoustic comfort, reliability, and cost
constraints are increasingly important, the development of more targeted and
industrially applicable solutions is therefore required.

Numerically, the project will combine lumped-parameter models, multi-body
dynamics, flexible structural modelling, and vibro-acoustic simulation
techniques. The objective is to develop a validated framework capable of
identifying the dominant excitation mechanisms and predicting the dynamic
response of the compressor under different speed and pressure conditions.
Particular attention will be devoted to the separation of mechanical and fluid-
induced contributions and to the analysis of vibration transmission paths
toward the surrounding structure.

A significant part of the research will be dedicated to experimental validation



Objectives and source identification. Advanced signal processing techniques, including
order tracking and time-frequency analysis, will be used to interpret test
bench and, where available, field measurements. This activity will support the
correlation between numerical models and real operating conditions, allowing
the most relevant noise and vibration sources to be identified with greater
confidence.

The expected outcome is the definition of cost-effective mitigation concepts
suitable for industrial implementation and mass production. Conventional
solutions, such as isolators, damping treatments, and tuned mass dampers,
will be assessed together with more innovative concepts, including adaptive
inertia mechanisms, dynamic flywheel systems, and speed-dependent
absorbers. Multi-objective optimisation will be used to balance vibration
reduction, acoustic improvement, robustness, weight, cost, and
manufacturability.

This research has strong industrial relevance, as it addresses a practical
limitation of current railway compressor systems. By reducing vibration levels
and acoustic emissions, the project may contribute to improved passenger
comfort, enhanced component durability, lower maintenance requirements,
and compliance with railway noise specifications. The developed
methodologies may also be transferred to other reciprocating machines,
such as industrial compressors, pumps, and engine-related systems.

Overall, the activity aims to provide a validated numerical-experimental
methodology for understanding, predicting, and reducing the vibro-acoustic
impact of oil-free reciprocating compressors in railway applications, with the
final goal of delivering robust, scalable, and economically viable solutions for
quieter and more reliable railway systems.

Skills and
competencies
for the
development of
the activity

The ideal candidate should have a solid background in mechanical
engineering, structural dynamics, vibration analysis, and acoustics. Skills in
numerical modelling, FEM, multi-body simulation, and signal processing are
required. Experience with MATLAB, Python, and experimental testing is
highly valued. Analytical ability, problem-solving attitude, teamwork, and
effective communication skills are also essential.


