Challenges for bulk hard and soft magnetic materials in high performance
electromechanical devices

Geraint Jewell, The University of Sheffield
Abstract

This lecture will discuss the many properties of bulk hard and soft magnetic materials which
determine their suitability for the most demanding future applications for electrical machines and
actuators. The range of properties offered by commercially produced and latest state-of-the-art
development grades of hard and soft magnetic materials will be reviewed within the context of their
practical deployment in electrical machines and drives for applications ranging from high power
density drives for aerospace through to multi-MW scale offshore wind generators. Many of the key
properties used as figures of merit in magnetic material development to will be discussed in terms of
their impact on the ultimate performance of the electromechanical devices into which they will be
incorporated. This will include discussion of some often overlooked properties such as electrical
conductivity, thermal conductivity and the coefficient of thermal expansion.

A particular focus of the lecture will be the challenges in terms of material requirements,
characterisation and modelling for applications in which the magnetic components are exposed to
temperatures in excess of 300°C, as might encountered for example in aircraft engines, process
equipment, nuclear power generation and bore-hole drilling. In many such applications, some of the
magnetic components may also be subjected to high levels of mechanical stress and extreme level of
internally generated losses. Within the context of high temperature applications, on-going research
on the performance of Cobalt-Iron alloys at elevated temperatures will be discussed in detail,
including the effects of extended ageing (e.g. 1000s of hours at 400°C) on core loss and means by
which such ageing effects can be accommodated into the device design process, including extensive
material characterisation. The trade-offs which must be made between enhancing mechanical and
magnetic properties of Cobalt-Iron alloys will be illustrated by a case studies on a high-performance
switched reluctance machine and a high temperature linear actuator.

The lecture will conclude by drawing together a ‘wish-list’ of improvements in properties of both
hard and soft magnetic materials which would have significant impact on the performance of
electrical machines.

Cobalt Iron linear actuator operating at 800°C
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Figure 14: Thermal analysis for the Fujithermo A wire (Airgap = 2 mm)

Electromagnetic and thermal modelling of a high temperature linear permanent magnet actuator

Useful References

Textbooks

‘Functional materials for sustainable energy applications’ (Chapter 19), Edited by J A Kilner, S J
Skinner, SJ C Irvine, and P P Edwards. Woodhead Publishing Series in Energy No. 35. ISBN 0 85709
059 3.

‘Introduction to Magnetism and Magnetic Materials’, D Jiles, CRC Press, ISBN 0412798603
‘Permanent Magnet and Electromechanical Devices’, Furlani E.P, Academic Press, ISBN 0122699513.

‘Design of Brushless Permanent-Magnet Machines’, J.R. Hendershot, T.J.E. Miller, Motor Design
Books LLC; Second Edition edition (March 30, 2010), ISBN-10: 0984068708.

G. Bertotti, Hysteresis in magnetism : for physicists, materials scientists, and engineers. San Diego,
Calif. ; London: Academic Press, 1998.

‘Electrical Steels for Rotating Machines’, P. Beckley, IET, ISBN : 9780852969809.

Technical Reports

Fingers R, Horwath J., "High Temperature properties and Aging -Stress related changes of FeCo
Materials," Wright-Patterson Air force Base, Ohio. US Air force Research Laboratory Report AFRL-PR-
WP-TR-2006-2176, 2006. (http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA460527)

Useful papers on material properties and applications

R. H. Yu, "High-temperature AC magnetic properties of FeCo-based soft magnets," Journal of
Magnetism and Magnetic Materials, vol. 284, pp. 140-144, 2004.

R. H. Yu and J. Zhu, "Precipitation and high temperature magnetic properties of FeCo-based alloys,"
Journal of Applied Physics, vol. 97, pp. -, Mar 1 2005.


http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA460527

L. Liu, T. Jin, and C. Jiang, "High-temperature oxidation resistance and magnetic properties of Si-
doped Sm2Co1l7-type magnets at 500°C," Journal of Magnetism and Magnetic Materials, vol. 324,
pp. 2310-2314, 2012.

C. H. Chen, M. S. Walmer, M. H. Walmer, L. Sam, and G. E. Kuhl, "Thermal stability of Sm-TM high
temperature magnets at 300-550°;C," IEEE Transactions on Magnetics, vol. 36, pp. 3291-3293, 2000.

N. Sidell and G. W. Jewell, "The design and construction of a high temperature linear electromagnetic
actuator," Journal of Applied Physics, vol. 85, pp. 4901-4903, Apr 15 1999.



