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Abstract. Most of the high energy physics experiments require their detectors to be embedded in a high
intensity magnetic field. In particular the biggest of them, ATLAS, running in the CERN Large Hadron Collider
(LHC) particle accelerator, generates a field of 2 T by means of a gigantic toroidal magnet working in open air.
Its future phase 2 upgrade plans to move the DC/DC power supplies from the present positions on the external
balconies directly on the detectors, where the field is of the order of 1 T. This presentation describes the
development of samples made of special magnetic material for inductor cores suitable to work in such an
environment.

Starting from iron-silicon powders, at FN plant a plastic forming process, based on powder extrusion, injection
moulding and sintering, was developed. To get the best compromise between the forming process requirements
(good coupling among the metallic powder and the organic components to assure the right mouldability) and the
debinding and sintering conditions, several mixtures (with different percentages and kind of organic additives)
were experimented. A proper mould was designed and realized to get torous-shaped prototypes.

The preliminary results of the physical-microstructural characterization performed on the first prototypes made

will be shown.

1 Introduction

The upgrades of the Large Hadron Collider (LHC)
experiments at the Conseil Européen pour la Recherche
Nucléaire (CERN) in Geneva, Switzerland, are planned
for the beginning of the next decade. They require, in
particular for the ATLAS experiment [1], a thorough re-
design of the architecture of the power distribution
system for many detectors. The requirements of new
front-end electronics and the increase of the radiation
background, about a factor of 5 above the present
nominal values, are indeed unsuited with the current
capability of the distribution systems in use. A possible
solution involves the development of a distributed power
supply network, with point of load converters deployed at
the very heart of the detectors where electronic devices
must face a highly hostile environment, in terms of very
high background of both charged and neutral particles
[2,3] and for the presence of a non negligible magnetic
field up to 100 mT, thus opening a severe tolerance issue
for component selection and system design.

Our investigation proposes a new power supply
distribution network, taking the ATLAS Muon
spectrometer as the case study. Figure 1 [4] represents a
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Fig. 1. Cross-section of the ATLAS Muon Barrel spectrometer,
showing the three layers of Muon chambers, the Barrel toroid
with coils below the outer chamber layer, and the Endcap toroid
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Concerning the sintered samples, SEM and EDS
analyses were carried out in order to investigate the effect
of the sintering atmosphere on the material. The
differences in grain size and morphology are typical.

With reference to the magnetic characterisation, made
on torus shaped specimens using the system sketched in
figure 7, as the sintered components don’t show the
specification density yet because the optimization of the
process is still in progress, the magnetic characteristics
don’t comply yet with the specification in terms of B,
even if interesting. In Fig. 8 and 9 the isteresys loop and
the B-H curve are shown.
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Fig. 7. Sketch of the system used for preliminary magnetic
characterisation (courtesy of Turin Polytechnic)
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Fig. 8. Isteresys loop
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Fig. 9. B-H curve
3 Conclusions

In this text the description of the activities carried on at
FN plant to develop high characteristic inductor cores to
be used in extreme conditions of irradiation and high
external magnetic fields was shown.

In order to fulfil the requested characteristics, two
powders, in the FeSi alloys material field, were chosen;
one is a commercial pre-alloyed powder (FESI 68 HQ
Hoganés), the other one consists in an house made
mixture of two commercial powders (Fe NV
Metalpolveri and Si SIL A10 H.C. Starck).

Due to the final complex shape of the components and
to the proper advantages of the technique, Metal Injection
Moulding (MIM) was chosen to produce the prototypes.

With the two starting materials and six binder
combinations, twelve kinds of feedstock were developed
and tested using an injection moulding machine equipped
with a mould designed and realised on purpose. The
“green” samples were characterised and TGA curves
were made in order to define the debinding cycle. The
optimization of this phase, together with the sintering to
1260°C in reducing atmosphere, is still in progress.

The preliminary microstructural characterisation of the
first sintered prototypes suggested modifications to the
process for the component optimization.

The preliminary magnetic characterisation showed
interesting features, but it’s necessary to optimize the
process in order to get the specification values.
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