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MultifMag
PROJECT VISION AND FINAL SCOPE

The MultiMag project has successfully demonstrated a holistic, end-to-end
approach for designing, manufacturing, and recycling multi-material magnetic
components for next-generation electric machines. By integrating advanced
modelling, tailored magnetic and structural materials, multi-material additive
manufacturing (MM-AM), and circular-by-design principles, MultiMag has shown
that electric motors can be made lighter, more efficient, more sustainable, and
faster to develop than with conventional manufacturing routes.

At project completion, MultiMag delivers validated use cases, functional
demonstrators, quantified sustainability gains, and industrial-relevant design and

manufacturing frameworks, paving the way for industrial uptake beyond the
project lifetime.

Requirements eMotor ‘

! |

Application

Iterate [ fulfill and adapt requirements

Figure 1 - MultiMag's V-model design framework integrating multi-material

modelling, additive manufacturing constraints, and validation.
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MULTIMAG AT A GLANCE — FINAL ACHIEVEMENTS

DECEMBER 2025

WJUp to 50% reduction in permanent magnet mass, directly lowering the use of
critical raw materials

W Up to 29% reduction in active motor mass, exceeding the original 20% target
\JEfficiency improvements up to 94-96%, with loss reductions up to 26%

WJTorque density and power density increased by =10% through AM-enabled 3D
topologies

JLead-time reduction for rotor manufacturing assessed as feasible (>20%)
JRare Earth Element (REE) recyclability of ~86-89%, far exceeding the 60% target

UVaIidated multi-material interfaces and printable magnetic, insulating, and
structural materials across three AM technologies

PROGRESS TOWARDS OVERALL
PROJECT OBJECTIVES

Reducing Weight and Critical Materials

MultiMag achieved its most significant material savings in UC2 (e-mobility motor):

e Permanent magnet mass reduced from 0.69 kg to 0.347 kg (50%)
e Stator mass reduced by ~51%
e Rotor mass reduced by ~28%

Across use cases, active component mass reductions of up to 29% were
demonstrated, directly contributing to improved torque density, reduced inertia,
and lower system-level energy consumption.
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DECEMBER 2025

Improving Motor Performance and Energy Efficiency

Performance gains were validated through detailed electromagnetic and thermal
simulations supported by experimental material data:

U UC1 (additional study SynRM):
» Efficiency increased from 88% to 94%
e Torqgue increased by 12.5%
» Overall losses reduced by ~26%

U UC2 (PM brushless motor):
» Efficiencies of 95-96% achieved
 Torgque density improved primarily through 3D magnetic topologies enabled by
MM-AM

These results confirm that material reduction and performance enhancement can
be achieved simultaneously, rather than as a trade-off.

Reducing Manufacturing Lead Time

MultiMag demonstrated that Binder Jetting, Laser Powder Bed Fusion, and Sheet
Lamination enable:

e Elimination of tooling for complex rotors and poles
e Faster design—-manufacture iterations

e Feasibility of >20% lead-time reduction for rotor production, especially in low- to
medium-volume manufacturing
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USE CASE HIGHLIGHTS

UC1 - Induction Motor for general Purpose
Sheet Lamination (SHL) stator sub-stacks with integrated ceramic insulation

Key outcomes:
e |ron losses reduced by up to 33% compared to reference electrical steel
 Demonstrated IE4 (super-premium) efficiency class potential
e Improved mechanical stiffness and handling robustness compared to thin
lamination stacks
This use case validates MM-AM as a drop-in enhancement for industrial motors.
Study on synchronous reluctance motor SynRM:
* simulation on different designs =—>» efficiency up to 94%
e additively manufactured multimaterial rotor by Binder Jetting (mock-up)

1.5

0.5

Figure 2&3. Simulated magnetic flux distribution in an additively manufactured
synchronous reluctance rotor.

Non-magnetic material (e.g., 316L)

Figure 4. Multi-material rotor concept
combining soft magnetic and non-

magnetic regions.

Soft magnetic material (e.g., FeSi)
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UC2 - E-Mobility Permanent Magnet Motor
UC2 represents the highest-impact industrial application of MultiMag results.
Two advanced stator concepts were developed:
1.SHL laminated stacks with additively manufactured pole shoes
2.Topologically optimized solid poles produced by AM

Final results include:
e 29% reduction in active mass
e 50% reduction in magnet mass
o Efficiencies maintained at 95-96%
e Torque ripple reduced through optimized geometries

UC2 demonstrates how MM-AM enables lighter electric vehicle motors with reduced
dependency on rare earths, without sacrificing performance.

a) Full machine b) Simulated part

Figure 5. 3D electromagnetic simulation model of the MultiMag e-mobility motor.

UC3 — Aerospace Rotary Actuator
UC3 addressed low-volume, high-performance aerospace
applications, where design flexibility and weight reduction
are critical.
Achievements:
» 20% overall motor weight reduction
e 22% reduction in rotor inertia, improving dynamic
response
e Cost reductions of up to 29% at motor level when
downsizing effects are included
e Genetic-algorithm-based optimization reduced design
time and enabled rapid exploration of new geometries

Figure 6: Laser Powder Bed Fusion

UC3 confirms MM-AM as a game-changer for customized, rotor for lightweight aerospace

low-volume electrification solutions. actuator.
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MATERIALS AND MULTI-MATERIAL INTERFACES

MultiMag delivered a comprehensive portfolio of AM-ready materials, including:
e Hard magnets (NdFeB, FePrCuB) with coercivities up to 1450 kA/m
» Soft magnetic alloys (FeSi5V0.2, FeCo50) with permeability increased by up to 7x
after heat treatment
* Printable ceramic and oxide insulating layers with excellent electrical resistivity
» Lightweight structural materials such as Al40Si, combining low density with
good thermal properties
Crucially, robust multi-material interfaces were achieved:
e |Intermixing zones typically 10-30 pm
» Interface strengths comparable to, or exceeding, bulk material strength in several
combinations

These results underpin the manufacturability and reliability of MM-AM motor
components.

as-built z .1 Figure 7. Magnetic performance of
-buil ’ ..
22*;3;:){ L additively manufactured NdFeB
magnets developed in MultiMag.

0.6 4

- -~ annealed z =% -7
--- annealedy T
- - - annealed x -
0.4 -7
ra

Scan directions

0.2 4 i ¥

Magnetic Polarization (T)
b
L
A

Building
axis

-1500 -1600 -560 0
Magnetic Field H (kA.m™)

ADVANCING MULTI-MATERIAL ADDITIVE
MANUFACTURING

MultiMag advanced three complementary AM routes:
e Binder Jetting (BJT)

» Cost-effective, scalable, suitable for magnetic rotors and poles
e Laser Powder Bed Fusion (PBF-LB)

> Enables fine magnetic features, complex interfaces, and integrated structures
e Sheet Lamination (SHL)

» Produces low-loss laminated stacks with integrated insulation
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Together, these technologies form a flexible manufacturing toolbox adaptable to
different motor architectures and production volumes.

Figure 8: Overview of
ucl
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SUSTAINABILITY AND CIRCULARITY — PROVEN AT
SCALE

Sustainability was embedded from design to end-of-life:
* REE recycling rate of ~86-89% achieved through:
o Green organic chemistry (iron removal & REE leaching)
o Metallothermic reduction and alloy re-casting
* Recycled Nd and Pr successfully reused to produce new printable magnet
powders
» Circularity by Design principles integrated into motor and material selection
» Life Cycle Assessment frameworks established for all use cases
MultiMag demonstrates that high-performance electrification and circular economy
goals are compatible and mutually reinforcing.

By project end, MultiMag delivers:

‘Validated technologies ready for industrial scaling

-Design and modelling frameworks reusable beyond the project

-Clear pathways for exploitation in e-mobility, automation, and aerospace
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CONCLUSION

MultiMag has conclusively shown that multi-material additive manufacturing can
redefine electric motor design—delivering lighter, more efficient, and more
sustainable machines while reducing dependence on critical raw materials and
enabling circularity.

The project leaves behind not only demonstrators and data, but a new paradigm for
electrification, ready to be taken forward by European industry.
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