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U s e  C a s e    
S y n c h r o n o u s  p e r m a n e n t  m a g n e t

b r u s h l e s s  m o t o r  w i t h  a x i a l l y
a l i g n e d  s t a t o r  p o l e s

New AM-ready magnetic alloys with improved coercivity, remanence,
permeability, and reduced losses.

Validated ceramic/oxide insulators enabling low-loss laminated structures.

Strong dissimilar-material interfaces with controlled 10–30 µm intermixing
zones—surpassing the strength of bulk NdFeB in several tests.

Functional multi-material samples demonstrating stable magnetic, thermal,
and mechanical performance after post-processing.

From Challenge to Solution

Fixed geometries and complex assemblies

High dependency on rare earth permanent magnets

Inefficient manufacturing and limited recyclability

D e s i g n  &  M o d e l l i n g :  A  N e w
O p t i m i s a t i o n  Pa r a d i g m

MultiMag’s solution:

Multi-functional, multi-material magnetic
components and structures for electrification

Advancing Electric Motor Technology Through
Multi-Material Additive Manufacturing
As Europe accelerates its electrification efforts across industry, mobility, and
aerospace, the need for lighter, more efficient, and resource-secure electric
motors has become critical. MultiMag addresses this challenge by pioneering multi-
material additive manufacturing (MM-AM) to redesign how electric machines are
conceived, produced, and recycled.
MultiMag is a three-year Horizon Europe project (Dec 2022 – Nov 2025) delivered
by a multidisciplinary consortium of industrial leaders, material suppliers, SMEs, and
research organisations from 8 countries. Bringing together expertise in advanced
magnetic materials, AM processing, multi-physics modelling, and rare-earth
recycling, the consortium has demonstrated a new generation of high-
performance, low-impact motor components.
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A complete multi-material ecosystem combining new magnetic alloys, insulating
ceramics, structural materials, advanced AM technologies, multi-physics
optimisation tools, and circularity strategies. The project has shown that fully
integrated magnetic components with tailored properties and complex geometries
can be manufactured reliably through MM-AM.

A unified multi-physics simulation framework combines electromagnetic, thermal,
and mechanical modelling with AM constraints. This enables rapid design
exploration, weight reduction, efficiency optimisation, and accurate prediction of
AM manufacturability.
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Traditional motor technologies are limited by:

Breakthroughs in Materials & Interfaces
MultiMag has delivered significant scientific and technological advances:

A c h i e v e m e n t s  p e r  u s e  c a s e :
A unified multi-physics simulation framework combines electromagnetic, thermal,
and mechanical modelling with AM constraints. This enables rapid design
exploration, weight reduction, efficiency optimisation, and accurate prediction of
AM manufacturability.

U s e  C a s e    
I n d u c t i o n  m o t o r  fo r

ge n e r a l  p u r p o s e
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MM-AM components improve its electromagnetic, thermal and mechanical
properties and enables its use in advanced industrial applications
Stator sub-stacks with integrated ceramic insulation demonstrated IE4 (super‐
premium) efficiency class potential.
Concept study on a MM-AM synchronous reluctance motor (SynRM) by simulations
and rotor demonstrator (BJ mock-up) confirm the potential for advanced torque
and efficiency which enables SynRM for novel applications.

Synchronous permanent magnet brushless motor with axially aligned stator
poles
Improve the implementation of the brushless motor construction and
manufacturing of complex geometries and shapes of the stator poles by
MM-AM for e-mobility
Hybrid stator poles and topologically optimised poles achieved 29% active weight
reduction, 50% magnet savings, and up to 96% efficiency.

U s e  C a s e    
M u l t i p u r p o s e  E l e c t r i c a l

r o t a r y  a c t u a t o r.
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2

MM-AM allows manufacturing of the hybrid stepper motor technology at a
low price with a certain customization between different products for the
new space market.
Genetic-algorithm-optimised AM rotors achieved substantial mass reduction and
improved torque capability under aerospace constraints.

Fr o m  L a b o r a t o r y  t o
D e m o n s t r a t o r s

UC1: AM rotor mock-ups + ceramic-insulated rotor stacks

UC2: Hybrid SHL-AM stator poles + fully topologically optimised poles

UC3: Lightweight AM-optimised aerospace rotors

C i r c u l a r i t y  &  R e s o u r c e
R e s i l i e n c e

MultiMag embeds sustainability throughout the entire value chain:
Full Life Cycle Assessment (LCA) for all use cases
Introduction of the Circularity by Design Indicator (ICbD)
86% recovery rate for NdFeB magnets
96.8% iron removal efficiency and production of high-purity Nd/Pr compounds
Successful reintegration of recycled REEs into new alloy production

This establishes a circular supply pathway for permanent magnets and reduces
reliance on imported critical raw materials.

I m p a c t :  E n a b l i n g  E u r o p e ’s
S u s t a i n a b l e  E l e c t r i f i c a t i o n

MultiMag demonstrates that MM-AM can deliver electric machines that are:
Lighter (up to 50% magnet weight reduction)
More efficient (up to 30% performance improvement)
Faster to produce (≥20% lead-time reduction)
More recyclable (>60% REE recovery potential)
Less dependent on strategic materials
Better optimised through advanced simulation and AM-specific design

By advancing the full innovation chain—from materials to modelling, manufacturing,
and recycling—MultiMag strengthens Europe’s technological leadership and
supports its transition toward clean, resource-secure electrification.

MultiMag successfully manufactured functional prototypes for all three use cases,
integrating new materials and multi-material AM processes into real motor
components:

These demonstrators now enter industrial validation under real operating
conditions.


