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To enhance the commercial viability and cost-efficiency of shape memory alloy (SMA)-driven
actuators, it is essential to optimise their fatigue life. Typically, actuator systems are
developed first, with durability investigations conducted afterwards. This sequence is
primarily due to the absence of standardised handling guidelines for SMA wires — guide-lines
that would enable the identification of factors limiting fatigue life prior to full-scale
development.

In many actuator designs, SMA wires are redirected using pulley systems to achieve larger
strokes within constrained installation spaces. Wires are chosen over springs due to their
superior force output. However, deflection introduces asymmetric and non-uniform me-
chanical loading at the point of redirection, as well as altered thermal conduction and friction
due to surface contact. These conditions may lead to the SMA wire failing struc-turally or
functionally earlier than expected, raising concerns about long-term reliability.

To investigate the impact of deflection on functional properties, particularly structural and
functional fatigue, SMA wires from different manufacturers are systematically tested as part
of long-term studies until structural fatigue occurs. Key variables include deflec-tion
diameter, wire thickness, deflection angle, and the material composition of the de-flection
element. These parameters are examined to evaluate their influence on the actu-ator's
durability and performance. To gain deeper insight into failure mechanisms, the fracture
zones of failed samples are analysed using scanning electron microscopy. This multi-
parameter approach aims to in-form future design strategies and material selection
processes, ultimately improving the reliability and fatigue life of SMA-based actuator systems.
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