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NATO East-West Workshop on Magnetic
Materials for Power Applications

(RTO TR-031 / AVT-060)

Executive Summary

The Partners for Peace (PfP) NATO Workshop on Advanced Magnetic Materials for More Electric
Vehicles and Electric Pulse Power Weapons (AVT-060) was organized with the aim of assessing the
need for improved magnetic materials primarily in future generations of more electric vehicles and (to
a lesser extent) in electric pulse power weapons. Knowledgeable scientists from 8 NATO countries
were represented (Canada, France, Germany, Greece, Hungary, Poland, UK and USA), as were 3 non-
NATO Eastern European countries (Bulgaria, Romania and Russia), plus Austria and Cyprus. The
participants discussed recent advancements in relevant magnetic materials and how further
improvements can be made to achieve the goals stated for military applications.

The first full day of this Workshop was devoted to an exposition of the needs of the user communities,
with the focus on applications for military vehicles, primarily tanks and aircraft. Researchers presented
electric vehicle and weapon concepts and configurations along with potentially enhanced features such
as electric drives, power supplies for external consumers, electric braking and auxiliary subsystems.
These advanced concepts are based on utilizing electric power to drive subsystems that are currently
driven by a complex combination of hydraulic, pneumatic, electric and mechanical power transfer
systems. The lack of hydraulics, homogeneous power supplies, automation and remote control options,
and high reliability are system level benefits that arise from electric air and ground vehicle
configurations. The first day of the workshop ended with a group discussion on the needs of military
vehicle and electric weapon system applications. Table I (page 3) is a compilation of that open
discussion.

The succeeding three and a half days were devoted primarily to reports on a number of recent materials
development programs that have resulted in some significant advances in both hard (permanent) and
soft magnetic materials that function reasonably well at somewhat elevated temperatures. Nevertheless,
there is a continuing need to improve upon the recent successes to produce even higher temperature
materials with higher energy products or higher saturation magnetization, and high mechanical
strength. Additionally, some Workshop participants stressed the need for more advanced measurement
techniques as a key to understanding what really needs to be done. It was generally concluded that
while there has been substantial progress made in magnetics over the last four years, as reflected in the
remainder of this report, there is still a need for higher temperature materials capable of higher energy
products or saturation levels. Corrosion resistance and the need for higher strength were also
emphasized along with the need for improved fabrication and processing techniques.
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Atelier OTAN Est-Ouest sur les matériaux
magnétiques pour applications propulsives

(RTO TR-031 / AVT-060)

Synthèse

L’atelier AVT 060 de l’OTAN ouvert aux partenaires pour la paix (PpP) sur « Les mat´eriaux
magnétiques avanc´es pour le d´eveloppement de v´ehicules militaires exploitant davantage l’´energie
électrique des g´enératrices `a impulsions ´electriques », a ´eté organis´e dans le but d’´evaluer les besoins
en matériaux magn´etiques am´eliorés, principalement pour de futures g´enérations de v´ehicules `a plus
fort composant ´electrique et (dans une moindre mesure) pour g´enératrices `a impulsions ´electriques.
Etaient présents : des scientifiques ´eminents de 8 pays de l’OTAN (le Canada, la France, l’Allemagne,
la Grèce, la Hongrie, la Pologne, le Royaume-Uni et les Etats-Unis), ainsi que des repr´esentants de 3
pays non-NATO de l’Europe de l’Est (la Bulgarie, la Romanie et la Russie) et de l’Autriche et de
Chypre. Les participants ont discut´e des derniers progr`es réalisés dans le domaine des mat´eriaux
magnétiques et de l’approche `a adopter pour atteindre les objectifs annonc´es pour les applications
militaires.

La première journée de l’atelier a ´eté consacr´ee à un expos´e des besoins des diff´erents utilisateurs,
l’accent étant mis sur les applications pour les v´ehicules militaires, et principalement les chars et les
aéronefs. Les chercheurs ont pr´esenté des concepts et configurations de v´ehicules ´electriques et de
systèmes d’armes incorporant des ´eléments am´eliorés tels que les commandes ´electriques, les
alimentations ´electriques pour consommateurs externes, les syst`emes de freinage ´electriques et leurs
sous-syst`emes auxiliaires. Ces concepts avanc´es sont bas´es sur l’utilisation de l’´electricité pour
alimenter des sous-syst`emes actuellement mus par une combinaison complexe de syst`emes de transfert
d’énergie hydrauliques, pneumatiques, ´electriques et m´ecaniques. L’absence d’hydraulique,
d’alimentations homog`enes, d’automatisation et de t´elécommandes et une grande fiabilit´e sont autant
d’avantages offerts au niveau syst`emes par des configurations ´electriques de v´ehicules a´eriens et
terrestres. La premi`ere journée de l’atelier s’est termin´ee par une discussion de groupe sur les besoins
en matière d’applications pour les v´ehicules militaires et les syst`emes d’armes.

Les trois jours et demi qui ont suivi ont ´eté principalement consacr´es à l’examen d’un certain nombre
de rapports sur des programmes r´ecents de d´eveloppement de mat´eriaux qui ont permis de r´ealiser des
progrès importants dans le domaine des mat´eriaux magn´etiques rigides (permanents) et souples se
comportant de fa¸con satisfaisante `a des temp´eratures relativement ´elevées. Cependant, il faudra encore
améliorer les réalisations r´ecentes pour obtenir des mat´eriaux résistant `a des temp´eratures plus ´elevées
avec des produits `a plus haute ´energie, une magn´etisation à plus grande saturation et une r´esistance
mécanique plus ´elevée. Aussi, certains participants ont soulign´e le besoin de disposer de techniques de
mesure plus avanc´ees afin de mieux cerner le probl`eme. Les participants ´etaient unanimes `a
reconnaˆıtre que malgr´e les progr`es consid´erables r´ealisés dans le domaine du magn´etisme au cours des
quatre derni`eres ann´ees, comme en t´emoigne ce rapport, le besoin existe toujours de disposer de
matériaux résistant `a des temp´eratures plus ´elevées et capables de fournir des produits `a plus haute
énergie ou des niveaux de saturation plus ´elevés. Une plus grande r´esistance `a la corrosion, une plus
grande r´esistance m´ecanique, ainsi que des techniques am´eliorées de fabrication et de traitement ont
également ´eté soulignées comme n´ecessaires.
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Foreword

The Partners for Peace (PfP) NATO Workshop on Advanced Magnetic Materials for More Electric Vehicles and
Electric Pulse Power Weapons (AVT-060) was held at Marathon, Greece, 25-30 June 2000. It was organized
with the aim of assessing the need for improved magnetic materials primarily in future generations of more
electric vehicles and (to a lesser extent) in electric pulse power weapons. Moreover, after assessing that need, the
Workshop was designed to both review the status of recent advances in relevant magnetic materials and to
discuss how further improvements can be made, e.g., via compositional and/or processing changes, to achieve
the desired magnetic and mechanical properties required at elevated temperatures. Finally, by bringing together
knowledgeable scientists from numerous NATO countries and Eastern Europe, it was hoped that collaborations
would be formed that could hasten the development of the new magnetic materials that are required to optimize
future military and commercial systems. The stated goals for temperatures at which these materials would
operate successfully are 600°C for soft materials and 450°C for hard materials.

The first full day of this Workshop was devoted to an exposition of the needs of the user communities, with the
focus on applications for military vehicles, primarily tanks and aircraft. The succeeding three and a half days
were devoted primarily to reports on a number of recent materials development programs that have resulted in
some significant advances in both hard (permanent) and soft magnetic materials that function reasonably well at
somewhat elevated temperatures. Nevertheless, there is a continuing need to improve upon the recent successes
to produce even higher temperature materials with higher energy products or higher saturation magnetization,
and high mechanical strength. Additionally, some Workshop participants stressed the need for more advanced
measurement techniques as a key to understanding what really needs to be done, and it was stated that the
interaction of microstructure and domain structure would go a long way to determining the ultimate limits that
can be attained.

Among the 27 participants in the Workshop, 8 NATO countries were represented (Canada, France, Germany,
Greece, Hungary, Poland, UK and USA), as were 3 non-NATO Eastern European countries (Bulgaria, Romania
and Russia), plus Austria and Cyprus. The discussions could be considered primarily in the realm of basic
research in the physics, chemistry and materials engineering of magnetic materials. Participants were mostly
from academia and national or defense laboratories, although 2 were from industrial organizations. Over the
5-day period there was ample opportunity for both formal and informal discussion, and it is anticipated that a
few strong bi-national research collaborations will result.

The program was formulated through a joint effort of Professor George Hadjipanayis of the University of
Delaware and myself, with most of the effort falling on his shoulders. Dr. Dimitris Niarchos of “Demokritos,”
the Greek National Center for Scientific Research, ably handled local arrangements. Funds for the 5 Eastern
European scientists were made available through the NATO PfP Workshop program under the direction of
Mr. Dimitris Stamatopoulos. The bulk of the funding for this Workshop results from grant support from 3 US
Department of Defense organizations located in London: the European Research Office of the Army, the Office
of Naval Research European Office, and the European Office of Aerospace Research and Development.
Additional funding was provided by the Greek Ministry of Defense. We are indebted to all these individuals and
organizations for making this Workshop possible. Finally, it is a pleasure to acknowledge the tremendous effort
made by Dr. Richard (Rick) Fingers in distilling the information presented at the Workshop and preparing the
report you are about to read.

Dr. Harold Weinstock
US Air Force Office of Scientific Research
Physics and Electronics
801 N. Randolph St., Room 732
Arlington, VA 22203-1977
Tel: 1-703-696-8572
Fax: 1-703-696-8481
harold.weinstock@afosr.af.mil
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