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Abstract

We are entering an era of "re-electrification," seeking high-power density electrical machines with
minimal resource use. Significant performance gains in electrical machines have been achieved
through new soft magnetic materials development. To achieve high machine efficiencies, it is desirable
for these soft magnetic materials to be able to achieve a high saturation magnetisation whilst incurring
minimal core losses. However, despite precise manufacturing processes, including the shaping/cutting
of magnetic materials, the induced manufacturing damage still deteriorates their magnetic properties
hence these materials could not achieve their designed performance. Currently the mechanisms by
which machining influences this deterioration are less understood.

University of Nottingham Rolls-Royce UTC team has long track record on the machining and surface
integrity research. To reveal the how machining affects the surface integrity and magnetic properties
of soft magnetic materials, we studied the magnetic deterioration after four machining methods:
Abrasive Waterjet, Wire Electric Discharge Machining, Pulsed Laser, and Continuous Wave Laser. We
employed a state-of-the-art magnetic domain imaging method to study the mechanisms causing
magnetic deterioration. For the first time, we made the initial quantitative evaluations on how the
magnetic domains are affected in the superficial layer that is the result of machining.

Further, to understand the underlying mechanism of how the micromagnetic behaviour is affected by
mechanical interference, we examined the impact of sub-micron deformations at opposing strain rates
on the micromagnetic behaviour of soft magnetic materials. Using a diamond probe to indent within
a single grain of polycrystalline material at different velocities, we induced quasi-static and dynamic
mechanical loading. Our analysis, employing magnetic force microscopy, transmission Kikuchi
diffraction, and scanning transmission electron microscopy with a pixelated detector, reveals that
magnetic texture disturbances rely on the time-dependent dislocation dynamics of the Fe-BCC
material. These findings highlight the importance of considering even ultra-small loads in the
manufacturing of next-generation electric machines, as they can significantly affect magnetic texture
and performance.
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