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Abstract:
Soft crystalline magnetic materials

Ferromagnetic materials play a key role in electrical machines: their presence in the cores of these
machines can greatly influence the torque / power developed, as well as their efficiency.  This works
via the mechanism of flux concentration: if a current carrying conductor coil is placed around a
ferromagnetic material, much more magnetic flux can be generated for a given current; and this flux
is important for the torque developed by a motor or the energy transferred in a transformer.
The tutorial starts with the principles of ferromagnetism and develops further into what happens
during magnetisation processes, within the structure of typical ferromagnetic materials such as FeSi
(electrical steels), FeCo and FeNi.  Phenomena such as hysteresis, eddy currents, magnetic domains,
Curie temperature, soft versus hard materials, are explained.
The parameters that influence the level of flux concentration, as well as the level of energy losses
within the ferromagnetic material are shown.
The target of the tutorial is to clarify what are the differences between magnetic materials on the
market, to show their key advantages and weaknesses.  The different classes of magnetic materials
will be explained: soft vs. hard, crystalline vs. amorphous, ferrites vs. composites vs. laminations,
non-oriented vs. oriented, fully processed vs. semi-processed.  The most suitable magnetic material
for different types of electric applications will be explained, with examples on their influence of
machine performance.
The aim is to assist in a cost/performance choice when going into machine design and having a
ferromagnetic material choice to make.  This will be done in most detail for soft crystalline magnetic
materials.
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Outline

The role of ferromagnetic materials in electrical machines, sensors, actuators
Ferromagnetism:

o what is happening inside the material on an atomic scale
o which elements are ferromagnetic
o how is this state effected by external fields, temperature (Curie temperature)
o why do magnetic domains exist
o which energy types affect the internal state of the material

the primary role of ferromagnetic materials: flux concentration
the side effect of ferromagnetic materials: losses

o hysteresis losses
magnetic domain evolution in an AC cycle
parameters affecting the level of hysteresis losses
soft and hard magnetic materials

o eddy current losses
the use of laminations
parameters affecting the level of eddy current losses

o excess losses
relevance depending on application frequency
parameters affecting the level of excess losses

comparison of the performance flux concentration – losses of different ferromagnetic materials
o Fe, Ni, Co based
o crystalline vs. amorphous
o ferrites vs. composites vs. laminations
o non-oriented vs. oriented
o fully processed vs. semi-processed

specific applications’ needs in term of ferromagnetic material
o different transformers types
o selfs
o sensors
o actuators
o relays
o micro motors
o household appliance motors
o automotive auxiliary and traction machines
o industry motors
o hydro, wind and turbo generators

future evolution

Sigrid Jacobs graduated in electro technical engineering at Ghent University in ’88 and obtained an
MBA at the Vlerick School for management in ’91.  After developing electrical steels at the metallurgy
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lab of Ghent University, she joined the ArcelorMittal group.  She first was involved in engineering
projects for steel production.  Then she continued the development of electrical steels in different
plants from the group, in an international know-how exchange context. She is now the Portfolio
Director for the group’s activities in Electrical Steels.  Scientific publications range from general
metallurgy, to texture developments, as well as application oriented work such as magnetic or
mechanical machine design.  Sigrid is board member of the Belgian Electrotechnical Committee (IEC)
and active participant to TC68 in the international standardisation of magnetic materials and
measurement techniques.

Scientific work (limited extract over the last 5 years, reflecting different work aspects)

- L. Vandenbossche, S. Jacobs, X. Jannot, M. McClelland, E. Attrazic, (ArcelorMittal and Leroy
Somer), “Iron loss modelling which includes the impact of punching, applied to high-efficiency
induction machines”, IEEE Xplore Conference proceedings of the Electric Drives Production
Conference, EDPC 2013 (Nürnberg) – Best Paper Award

- T. Van De Pute, S. Jacobs, E. Leunis, “Detrimental effect of superficial nitriding of non-
oriented electrical steels during final annealing: causes, effects and remedies”, Soft Magnetic
Materials conference 2013 (Budapest)

- D. Van Hoecke, B. Weber, S. Jacobs, E. Attrazic, S. Bergamo, R. Montaudon, (ArcelorMittal
and Renault), “Fatigue characterization of Electrical Steels for designing high efficiency
electrical machines for automotive traction”, Société Française de Métallurgie et de Matériaux
- Commission Fatigue des Matériaux - JIP 2013 - 13th International Spring Meeting

- L. Vandenbossche, S. Jacobs, R. Andreux, N. Labbe, E. Attrazic, (ArcelorMittal and Valeo),
“An innovative approach for the evaluation of iron losses in magnetic laminations, applied to
the optimisation of highly saturated electric motors”, Inductica Berlin 2012 conference
proceedings.

- L. Vandenbossche, S. Jacobs, D. Van Hoecke, B. Weber, E. Leunis, E. Attrazic, "Improved
iron loss modelling approach for advanced electrical steels operating at high frequencies and
high inductions in automotive machines", IEEE Xplore Conference proceedings of the Electric
Drives Production Conference, EDPC 2012 (Nürnberg), pp. 1-8.

- L. Vandenbossche, S. Jacobs, E. Leunis, E. Attrazic, “Next generation electrical steels
contributing to extend the drive range of electric vehicles”, Society of Motor Manufacturers and
Traders, Innovation and Technology, Autumn 2012

- D. Van Hoecke, S. Jacobs, B. Weber, E. Attrazic, “Advanced electrical steel characterisation
of electrical machines subjected to high levels of mechanical stress: automotive traction”,
Inductica Berlin 2011 conference proceedings

- L. Vandenbossche, S. Jacobs, F. Henrotte, (ArcelorMittal and Aachen University), “Impact of
cut edges on magnetisation curves and iron losses in e-machines for automotive traction”,
World Electric Vehicle Journal, Vol.4, ISSN 2032-6653, WEVA (2010), pp. 587-596
(proceedings EVS-25 conference 2010 Shenzhen).

- S. Jacobs, L. Vandenbossche, T. Waeckerlé, F. Pottier, E Attrazic, S. Paolinelli, D. Kajfos,
“Magnetic material optimisation for high frequency transformers: FeCo vs. FeSi alloys”,
Inductica Berlin 2010 conference proceedings

- S. Jacobs, D. Hectors, F. Henrotte, M. Hafner, M. Herranz Gracia, K. Hameyer, P. Goes,
(ArcelorMittal and Aachen University), “Magnetic material optimization for PMSM drives”,
World Electric Vehicle Journal Vol. 3, ISSN 2032-6653, 2009, AVERE

- L. Kestens, S. Jacobs, (ArcelorMittal and Delft University), “Texture Control During
theManufacturing of Nonoriented Electrical Steels”, Hindawi publishing Hindawi Publishing
Corporation - Texture, Stress, and Microstructure - Volume 2008, Article ID 173083, 9 pages

- S. Jacobs, R. Takanohashi, S. Paolinelli, E. Attrazic, J.-P. Gras, B. Soenen, “Ultra Low Loss
Fully Processed Electrical Steels pushing machine performance to a higher level”, Inductica
Berlin 2008 conference proceedings
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