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With population growth and rising concerns about environmental
hazards and resource depletion, attention has turned to the rail
transportation industry as a productive and sustainable sector. As one of
the simplest modes of transportation, the rail industry plays a crucial role
in passenger and freight mobility. In this research, a solid steel axle from
an operational rail vehicle in Iran was selected. Subsequently, based on
structural analysis of its mechanical properties and operational
conditions, a redesign was undertaken. The primary objective of the axle
redesign was to reduce weight by adopting a hollow configuration.
Polymer-based composite materials were employed in the design
process. The overall design consists of a pair of steel collars and two
composite shafts with different geometries. Static analysis was
performed in a finite-element environment on the composite axle
assembly, yielding a Tsai-Wu failure index of 0.36. The maximum von
Muises stress in the steel collar was 216 MPa, the static safety factor was
1.94, and the maximum shear stress in the adhesive joint was 28 MPa.
Furthermore, the modal analysis results showed that the natural
frequency of the composite axle was 89 Hz, which is a significant
improvement compared to 68 Hz for the solid steel axle. The mass of the
lightweight axle is 173 kg, representing a 62% reduction in weight. The
approach used in this study can be applied to the design of other axle
models and shafts subjected to bending and torsion.

Keywords: Railway axle; Weight reduction; Composite materials;
Structural analysis; Finite element method.
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