26" IMEKO TC4 International Symposium

24" International Workshop on ADC and DAC Modelling and Testing
IMEKO TC-4 2023

Pordenone, Italy / September 20-21, 2023

Traceability routes for magnetic measurements

Marco Coisson', Javier Diaz De Aguilar Rois?, Yolanda Alvarez Sanmamed?, Sergio Molto
Gonzélez?, Oliver Power>, Robert Walsh?, Orrie Larmour?

YINRIM, strada delle Cacce 91, 10135 Torino (TO), Italy, m.coisson@inrim.it
2CEM, calle Alfar, 2, 28760 Tres Cantos (Madrid), Spain
3NSAI 1 Swift Square, Northwood, Santry, Dublin 9, Ireland D09 AOE4

Abstract — Magnetic measurements are vital to sup-
port European challenges in areas such as electric ve-
hicles; health; power transformation and harvesting;
clean, affordable and secure energy; information and
sensor technology. However, only very few European
NMIs have the capabilities to perform traceable mea-
surements of all of the most important magnetic quan-
tities. Consequently, the adoption of novel technologies
and materials is hindered by the lack of local metro-
logical expertise that research and development activ-
ities in academia and industry could exploit. A Euro-
pean project (TRaMM, 21SCP02), in the framework
of the Small Collaborative Projects (SCP) call 2021, is
transferring the expertise of INRIM (Italy) in the field
of magnetic calibration and measurements to CEM
(Spain) and NSAI (Ireland), and to interested stake-
holders. An update on the training material is given,
and new stakeholders are actively sought.

I. INTRODUCTION

Magnetic measurements are relatively common in
academia and in industrial research and development, as
they are widely employed for the measurement of mag-
netic fields and for the characterisation of the magnetic
cores in sensors or electronics. In addition, they are used in
applications such as earth observation [} [2]], biomedicine
[3 4, 15] and health and safety requirements regarding ex-
posure to electromagnetic fields [6}[7, [8] (The Electromag-
netic Fields Directive 2013/35/EU). However, so far, the
industrial and scientific communities have been unable to
fully benefit from traceable and reliable measurement re-
sults because of limited access to suitable calibration facil-
ities. With the global magnetic materials market continu-
ously increasing at an annual growth rate of about 9.6 %
[9], it is crucial to develop sustainable magnetic measure-
ment capabilities that will support these end-users.

Even though the calibration of teslameters and coils, or
the measurement of the magnetic properties of steel sheets
for power applications (electrical motors, transformers) are
already standardised, only a few European NMIs are ca-
pable of providing a comprehensive set of measurement
and calibration services in these areas. This requires very
specific instruments and techniques. In addition, new re-
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search activities and industrial products, in the fields of
biomedicine [[10], theragnostics [11l], water remediation
[[12} [13]], and security [[14} [15] are expanding the need for
traceable magnetic measurements for e.g. the character-
isation of magnetic nanoparticles, rings, ribbons or bulk
materials, or for sensing devices involving magnetoelectric
phenomena [[164 {17} [18 [19} 20]].

Other fields requiring traceable and reliable magnetic
measurements are all those where magnetic materials are
exploited for energy conversion, harvesting and storage,
such as automotive and powertrains, aerospace, and smart
grids [21} 22, 23]]. All these applications attract both sci-
entific research and industry while offering development
and market opportunities, especially for SMEs that wish to
be dynamic and innovative, enabling them to offer break-
through technologies and solutions to new potential cus-
tomers and markets. In spite of this exciting innovation and
development, easy access to the measurement and calibra-
tion capabilities for magnetic field and magnetic material
characterisations are still mostly lacking, leaving industry
and academia with the unaddressed need to properly val-
idate their technological solutions through traceable mag-
netic measurements.

To partially fill the disparity between the existing ex-
pertise at the European level, and the market and stake-
holders needs, the TRaMM project (Traceability routes for
magnetic measurements), within the Small Collaborative
Projects call 2021 [24], is developing training material to
transfer the expertise of the Italian NMI (INRIM) in this
field to two partners, CEM and NSAI, respectively the
NMIs of Spain and Ireland, and to interested stakehold-
ers. At the European scale, the project aims at strength-
ening the collaboration among NMIs and at offering a set
of measurement and calibration services to academia and
industry that better address their current needs. Figure []
shows the PERT diagram of the project.

II. FEEDBACK FROM STAKEHOLDERS

The TRaMM project is now in full development. Several
stakeholders, belonging to academia and public research
institutions, industries and companies have been asked to
participate in an anonymous online survey to identify their
primary interests and needs in the field of magnetic mea-
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Fig. 1. PERT diagram of the TRaMM project.

surements and calibrations. Figure 2] summarises the geo-
graphical distribution of the stakeholders that have decided
to participate in the survey, updated at May 2023, whereas
Figure [3]summarises the received responses in terms of ap-
plications of interest for the stakeholders. All the most im-
portant areas are significanlty represented: research and
development (34%), calibration and testing (45%), and
manufacturing and in-field applications (20%).
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Germany
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The Netherlands
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Romania

France

Ireland

Fig. 2. Geographical distribution of the stakeholders.

Figure[]reports the stakeholders’ needs in terms of mag-
netic field measurements. More than half of the interested
stakeholders declare their need to measure (or to calibrate
probes capable of measuring) both DC and AC magnetic
fields, whereas only a small percentage of them require
only AC measurements. The low to intermediate field
ranges are the most representative, leaving only 22% of the
answers for the relatively high field range above 50 mT.

For those stakeholders aiming at characterising mag-
netic materials, there is a widespread interest in powders
and nanoparticles, that may find applications in pigments
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Fig. 3. Distribution of applications of interest for the stake-
holders.

Fig. 4. Distribution of magnetic field regimes (AC, DC, or
both, left) and intensity (right) according to the stakehold-
ers’ needs.

[31]], loading of polymers for multifunctional materials
[32]], environment applications [33]] and cancer treatment
[34]]. ‘Traditional’ materials such as steel sheets and ferrite
rings are no longer the only materials taken into consid-
eration, as thin films, ribbons, wires and nanostructures,
which may find application in sensors and ICT [33]], play
a role of comparable importance in the stakeholders’ inter-
est. Figure 5] summarises the received responses. Overall,
almost two thirds of the materials the stakeholders work
with what can be labelled as soft magnetic materials.

Interestingly, while 63% of the received responses point
to the need for characterising the intrinsic properties of a
material, there is already a significant request (37%) for
methods to characterise finished products or components.
At present, there are neither recognised laboratory meth-
ods nor international standards available for such config-
urations. This suggests that possible future research line
could attempt to address these needs.

Finally, the stakeholders are clearly aware that interna-
tional standards are still missing for many of the magnetic
measurement and calibration activities that they are relying
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Fig. 5. Distribution of the stakeholders’ interests in the
characterisation of magnetic materials (left), and their
classification as either magnetically soft or hard (right).

upon, as summarised in Figure[f] Interestingly, all of them
declare they would benefit from the existence of an inter-
national standard, even though a few of them admit that its
absence is not an impedance for their activities.

Fig. 6. Existence of international standards (left) and per-
ceived need of them (right) for the magnetic measurement
and calibration activities performed by the stakeholders.

III. TRAINING FOR THE PROJECT PARTNERS

AND FOR THE STAKEHOLDERS

The TRaMM project is delivering training on mag-
netic measurements and calibrations to CEM and NSAI
(as project partners), but also to interested stakeholders,
through online training material made of commented slides
and videos that are available through the project website
[36] and on the dedicated YouTube channel [37]. All the
training material is publicly and freely available. Any aca-
demic group or company that would like to be involved as
a stakeholder is invited to contact the project coordinator.
Besides online training, specific events open to the project
partners only have been and will be organised in INRIM
laboratories. These offer hands-on sessions focussed on
utilising equipment for calibration of magnetic probes and
for the characterisation of magnetic materials.
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IV.  WORKSHOP AND FINAL OUTCOMES

To promote a wider impact, the TRaMM project will
also organise a workshop, toward the end of its funding
period (i.e. Fall 2023 - Winter 2024), where stakehold-
ers, other NMIs, academia, any interested parties will be
invited to join the project participants to share the experi-
ence developed during the project. The desired outcomes
will be to analyse future routes for improving the collabo-
ration at the EU level while further extending the measure-
ment and calibration capabilities on magnetism and mag-
netic properties of materials and for approaching standard-
isation bodies with the intendment of driving the develop-
ment of new standards and regulations at the international
level toward the stakeholders requirements. All interested
parties are invited to attend the workshop and can get in
touch with the project participants for further information
and details. The participation in the workshop will be free,
and it will also be possible to join it online, although in-
person participation is recommended for the best possible
interaction among participants. This will also be an oppor-
tunity to draft possible applications to future funding calls.
Details of the final workshop will be made available in due
time on the project website [36].
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