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Sustainability has been embedded from the outset to
ensure that, at the end of operational life, valuable
materials—particularly rare earth elements—can be
effectively recovered and reintroduced into the
production cycle.
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U Development of customised AM powders, including hard magnets, soft
magnets, insulating ceramics, and lightweight metals, meeting electric motor
performance requirements.

U Identification and testing of optimal material pairings for performance and
manufacturability, such as soft + hard magnets, soft magnets + insulators,
structural + soft magnets, and hard magnets + insulators.

U Application of advanced manufacturing techniques:
o Binder Jetting (BJT) for cost-effective, intricate small-batch components
o Laser Powder Bed Fusion (PBF-LB) for complex 3D magnetic geometries
o Sheet Lamination (SHL) for low-loss laminated stacks with integrated
insulation layers, e.g. for induction motors with, achieving up to 93%
efficiency.

W Production of functional prototypes, including ceramic-insulated rotor stacks,
hybrid stator poles, and lightweight rotors , with industrial testing planned.

U Integration of sustainability measures through Life Cycle Assessment (LCA) and
the Circularity by Design Indicator, alongside advancements in high-purity REE

recovery for reintroduction into production.
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The MultiMag project is progressing well and it has achieved important milestones

Over the past period, the MultiMag consortium has advanced in multiple dimensions:
-Simulation frameworks have been refined.

-Designs have been optimised for additive manufacturing feasibility.

-Specialised powders have been developed.

-Multi-material demonstrators have been built using Binder Jetting, Laser Powder Bed
Fusion, and Sheet Lamination technologies.

-Life Cycle Assessments for all three use cases have been initiated.

‘A Circularity by Design approach has been embedded to ensure environmental and
resource sustainability

OVERALL PROJECT PROGRESS

The project has been structured around three diverse use cases (UCs), each targeting

a different type of electric motor:

o UCT: A general-purpose induction motor for automation and mobility applications.

e UC2: A synchronous permanent magnet brushless motor with axially aligned
stator poles for e-mobility.

e UC3: A multi-purpose rotary actuator designed for space applications.

Through advanced simulations and modelling, key motor components with the
highest potential for improvement have been identified. Improvements have been
targeted through magnet weight reduction, the exploitation of geometric freedom
offered by additive manufacturing, and the combination of different materials for
optimal performance. Extensive research on soft magnets, hard magnets, insulating
layers, and structural materials has been carried out, each playing a crucial role in the
function and efficiency of electric motors.

Detailed Life Cycle Inventory data for baseline motor designs have been collected,
and techniques for recovering rare earth elements such as neodymium have been
advanced.
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KEY ACHIEVEMENTS TOWARDS SPECIFIC
OBJECTIVES

SMARTER MOTOR DESIGN THROUGH ADVANCED
MODELLING

An integrated modelling framework is being developed to enable optimisation of
motor designs with high precision and reduced development time, considering
interactions between magnetic, thermal, and mechanical domains as well as MM-AM
manufacturing constraints.

UCT - A synchronous reluctance motor (SynRM) with an additively manufactured
rotor has been simulated with advanced multimaterial designs, achieving efficiency
improvements from 88% to 94% while delivering higher torque. The Binder Jetting
(BJT) rotor is being produced as a concept demonstrator to showcase the feasibility
of additively manufactured designs. While this mock-up part will not be integrated
into a full motor prototype, it provides valuable insights into the potential of hybrid
designs that combine conventional lamination for the stator with AM-based rotor
concepts.

Magnetic flux density in a completely solid rotor with contour plot of
the out-of-plane component of the magnetic vector potential. Right:
Contour plot of magnetic vector potential in the rotor.
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UC2 — Advanced electromagnetic and thermal simulations have supported the
design of innovative components such as laminated stacks with additive pole shoes
and topologically optimized solid poles. These designs achieved up to 29% reduction
in active part weight, 50% reduction in magnet weight, and efficiencies of 95-96%,
successfully fulfilling key project KPIs and enabling lighter, more efficient motors for
electric vehicles.
For UC2, two prototypes have been designed

e SHL + additive pole shoes.

» Topologically optimized solid poles.

BJT printed stator poles

SHL stator pole + additive pole-shoes for UC2

UC3 —Optimization of an aerospace brushless permanent magnet motor has been
carried out using a genetic algorithm, allowing rapid exploration of design
alternatives and validation of new rotor geometries. The early prototypes confirm that
the defined KPIs can be met, laying the groundwork for lightweight, high-
performance AM-enabled solutions in the aerospace sector.
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ADVANCING MULTI-MATERIAL INTERFACES AND
PROCESSING

Significant advances have been made in magnetic material development and in the
creation of strong, defect-free bonds between dissimilar materials. Improvements
include:

W Hard magnets -Hard magnets produced via additive manufacturing demonstrated
improved coercivity after annealing. Remanence is still below the current state-of-
the-art of, compared to other sintered magnets; however, the consortium is
researching efforts to enhance the current remanence displayed

V Soft magnets — Soft magnetic alloys demonstrated high densification, significantly
increased permeability, and reduced coercivity compared to standard electrical steel
after optimized heat treatments.

v Insulating mid-layers — Ceramic and oxide-based materials were identified and
validated, providing excellent electrical resistivity and suitability for sheet lamination
and sintering processes

ULightweight structural materials — Hypereutectic aluminium alloy has been
developed with excellent wear, stiffness, corrosion resistance, and promising
electrical/thermal properties.

v Dissimilar material interfaces — Intermixing zones of 10-30 um have been achieved
in several material pairs with interface strength exceeding bulk Neodymium-lron-
Boron in LB-PBF tests.

Parameter study of

Iron-based soft
magnetic material
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ADVANCING MULTI-MATERIAL MANUFACTURING
TECHNOLOGIES

The project has achieved major progress in developing and optimising additive
manufacturing methods for multi-material components.

U Binder Jetting has been advanced with new printer designs for dual-material
processing.

J Powder Bed Fusion has successfully produced multi-material rotor and stator parts.
U Sheet Lamination has delivered low-loss laminated iron-insulation stacks.
These advances are now converging into demonstrator designs for all three use

cases, showing the feasibility of combining different materials into high-performance
electric machines and paving the way for validation in industrial environments.
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RM rotor design for BJ and PBF-LB. Red is non-magnetic, grey is soft magnetic.(based
on granted patent EPO00002876784B1 and pending e.g. EPOO0004516506A1,

EPOO0O004518101A1)
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SUSTAINABILITY & VALIDATION ACHIEVEMENTS

The MultiMag project has made strong progress in sustainability and validation
activities. A comprehensive Life Cycle Assessment framework and the new Circularity
by Design Indicator (ICbD) were established to integrate environmental criteria into
motor design.

Recycling trials achieved an 86% recovery rate for Neodymium-lron-Boron magnets,
improved iron removal efficiency to 96.8%, and delivered recycled neodymium (Nd)
and praseodymium (Pr) alloys for new magnet production.

In parallel, all infrastructures and protocols for testing the three motor prototypes
were prepared, ensuring readiness for large-scale industrial validation in 2025.
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