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Introduction
Halbach Array: Benefits and Constraints

Machines employing Halbach magnetization
arrays have attracted significant interests due to
their ability to enhance air-gap flux density,
while reducing back-iron requirements.

The drawbacks of this technology are strongly
correlated with high demagnetization risk,
which could irreversibly compromise the motor’'s

performance.

The aim of this paper was to find the less invasive
and most effective solution, to avoid
demagnetization without losing the benefits of
the Halbach technology.
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Finite Element Model

All analyses are performed using a two-
dimensional FEM model of the investigated
machine.

The simulations are carried out under
magnetostatic and transient conditions, which
are suitable for evaluating losses and the local
magnetic field distribution within the permanent
magnets and assessing irreversible
demagnetization phenomena.
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Performance and Loss Evaluation Framework

The primary focus of the present study is on irreversible
demagnetization phenomena. Torque capability, power
envelope, and losses trends are also evaluated to
assess the practical implications of the proposed
mitigation strategies.

The performance mapping is based on a three-stage
framework:

1. Magnetostatic simulations;
2. Time-domain transient simulations;

3. Postprocessing through MTPA/MTPV control strategy.
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Methodology
Local Demagnetization Mapping

For each simulation, the magnet area is discretized,
and the demagnetization of the rotor magnets
Is evaluated locally at each finite element
integration point. Irreversible demagnetization is
evaluated by comparing the local magnetic field
within the permanent magnets with the
temperature-dependent coercive field of the
magnet material. In particular, the component of
the magnetic field strength aligned with the
magnetization direction is monitored through
out the magnet area.

The adopted demagnetization criterion can be
expressed:

HIl <—Hca(T)
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Mitigation Strategies

Investigated Configurations Overview

The work investigates four physical configurations and one
control based demagnetization mititgation strategy.

In order:

* Solution 1: Reference SPM Halbach configuration

Solution 1

* Solution 2: Fully shielded configuration
e Solution 3: Halbach-only shielded configuration
* Solution 4: Modified Halbach configuration with air pocket

* Solution 5: Control Based Demagnetization Mitigation

Solution 3
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Solution 1: Reference SPM Halbach configuration

This solution represents the baseline
configuration of the machine, employing a
conventional surface-mounted Halbach array
without any additional shielding or geometric
modifications. This configuration serves as a
reference for evaluating the effectiveness of the
proposed demagnetization mitigation strategies.
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Solution 2- Fully Shielded Halbach Configuration

A ferromagnetic lamination is introduced to cover
the entire permanent magnet assembly,
acting as a magnetic shield aimed at reducing
the locally critical magnetic fields within the
Halbach array. The shield is designed to protect
the magnets without promoting excessive flux
recirculation between adjacent magnet
segments.
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Solution 3- Partially Shielded Halbach Configuration.

This configuration adopts a selective shielding
approach, in which ferromagnetic laminations
are applied only to the Halbach segments
identified as most susceptible to
demagnetization. The remaining magnet regions
are left unshielded in order to limit performance
degradation.
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Solution 4- Modified Halbach Configuration with Air Pocket.

In this configuration, the magnet regions that are
most prone to irreversible demagnetization
are removed and replaced by an air pocket,
effectively acting as a non magnetic barrier. This
approach can be interpreted as an “air-
shielding” strategy, in which the flux
recirculation paths between adjacent magnet
poles are interrupted without introducing
additional ferromagnetic material.
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Performance comparison of the four physical configuration

Torque Curve Power Curve
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Results Physical Solutions

Losses comparison of the four physical configuration
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Shield Losses and Magnetic Saturation Effects

The introduction of ferromagnetic shielding
elements modifies the local flux distribution and
may lead to magnetic saturation, which is
associated with increased hysteresis and eddy-
current losses in the ferromagnetic material.

Shaded Plot |B|

Loss evaluation results indicate that, although the
loss density within the Halbach shield is
relatively high, when normalized to the limited
shield area, the absolute power dissipation
remains modest.
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Results Physical Solutions
Demagnetization Results

Across the four investigated rotor configurations,
different demagnetization behaviors are
observed, highlighting the strong influence of
the mitigation strategy.
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Control-based Demagnetization

Solution 5 - Methodology
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Instead of asking how to redesign the rotor, we
asked a different question: can we identify the
unsafe operating regions and simply prevent the
machine from entering them?

Demagnetization Region
Assesment

A parametric sweep of current amplitude and

FEM Evaluation

Y

Is Region Demagnetized?

control angle is performed at the maximum
operating temperature. Then for each
operating point, the irreversible
demagnetization criterion is evaluated, and
the corresponding demagnetized magnet area is
computed. The area amount of demagnetized
magnets is used as a threshold value to
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Solution 5 - Results

Demagnetization risk @180°C
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Conclusion

Brief Recap

The workflow applied was:

1
2
3
4.
5
6

Analyze the Halbach array problems;
Apply physical solutions;

Evaluate physical solutions;

Apply control-based strategy;
Evaluate control-based strategy;

Selection of best solution.
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Conclusion
Applications and Benefits

The control-based demagnetization
mitigation strategy enables the
practical use of machine topologies
that conventional practice would
otherwise discard. This makes it
highly valuable for advanced design
stages where the geometry is
already fixed, particularly in
optimized industrial designs like the
presented use case. The proposed
framework is general and can be
readily extended to other permanent
magnet materials, temperature limits,
and machine topologies.
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