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The MultiMag project _‘|_s* progr._e_,.ssing well and it has T
achieved important milestones. Explorations into muilti-
material structures for induction motor stators are
underway, alongside efforts to replace parts with
alternative materials. Additionally, the project has
successfully produced Neodymium magnet alloys,
improved properties of soft magnetic materials,
identified promising insulating materials, and delivered
initial samples of lightweight structural material for

testing.
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MULTI-MATERIAL AND MULTIDOMAIN DESIGN

One milestone achieved in the MultiMag project was the successful
development of electromagnetic optimization for the 3D motor structure. This
involved simulating the 2D baseline motor model and studying various
parameters to select the best design through optimization processes.

Additionally, a new simulation of the base motor was conducted using a multi-
material approach.

Two approaches were studied:

\J Printed lamination stack technology and combining magnetic

L) Using non-magnetic materials in the rotor to reduce flux leakage

+10,3% +13,9% +16,7%
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Fig. 1 MultiMag rotor design options
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DEVELOPMENT OF MAGNETIC MULTI-MATERIAL
INTERFACES

The development of materials for magnetic multi-material interfaces is a key focus of the
MultiMag project. It aims to create magnetic and structural materials for multi-material

additive manufacturing, with improved performance, functionality, and lightweight
properties. The current progress demonstrates significant advancements in developing
and characterizing materials crucial for targeted systems. The successful development
and testing of different additively manufactured magnetic and structural materials
underscore the project's commitment to achieving its objectives.

o Hard Magnetic Materials:
A book-mold alloy was produced using standard sintered grade Neodymium magnet

composition. Preliminary sintering and co-sintering tests were conducted,
demonstrating promising progress in multi-material interface development.

e Soft Magnetic Materials :

Atomization runs were conducted to release soft magnetic powder for the project. A
parameter study using a laser-based Powder Bed Fusion technology (PBF-LB) showed
good manufacturability.

e Ceramic Mid-Layers:

Candidate materials such as yttrium stabilized zirconia (YSZ) and alumina were
identified for insulating tasks in monolithic multi-material layer stacks.

YSZ powder was deposited using spraying technology from a water-based slurry,
exhibiting good electrical insulation in iron (Fe)-YSZ multilayers.
Q Lightweight High-Strength Structural Materials :

An initial test batch of hypereutectic aluminum alloy was prepared for potential
construction purposes.
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MULTI-MATERIAL ADDITIVE MANUFACTURING
PROCESSES

Multi-material additive manufacturing techniques form the core of the MultiMag
project. Initial multi-material structures and components have been successfully
demonstrated, serving as the basis for further development of selected multi-
material AM technologies into high-quality industrial manufacturing processes.

0 Binder Jetting: The primary focus has been on developing multi-material
structures using Binder Jetting-based additive manufacturing. Successful initial test

prints have been conducted using an iron-silicon-vanadium alloy.

9 Laser-based powder bed fusion: Multi-material structures have been produced
using iron and Neodymium magnet through laser-based powder bed fusion.

e Sheet lamination: Samples have also been prepared using sheet lamination with

a new process setup for magnetic evaluation.
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USE CASES OPERATIONS & RECYCLING

MultiMag project has been working towards providing an alternative source of REE
raw materials by producing recycled REE powders from end-of-life magnets for
industrial use. The project aimed to achieve a 60% recycling rate. Currently, a
phenomenal 99.5% purity rate for REE metals was achieved on a laboratory scale. This
purity level is required to process recycled metals in the same way as virgin raw

materials.

Figure 2:

Oxidised piece
of metal 8h
after casting
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MultiMag consortium has partners from 9 different countries with a wide geographical

distribution within the European continent. It is bringing together raw material
suppliers, end-users and RTO's for joint development of novel solutions in the field of

magnetic applications and electric machines.
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LCm

less common metals

Less Common Metals is a UK-based alloy manufacturer. LCM manufactures
and supplies complex alloys for the permanent magnet industry. The

principal products are SmCo and NdFeB alloys, which are used across
various industries including clean technologies, computer and entertainment,
healthcare, automotive, and aerospace.

DR. NIK TANKOV SANDRA REPSE

DR. NIK TANKOV IS A SENIOR SANDRA REPSE, IS A
PROCESS ENGINEER AT LCM, DEVELOPMENT METALLURGIST
SPECIALIZING IN ALLOY AT LCM, SPECIALIZING IN
CASTING, PROCESS CONTROL, METAL MAKING, AND PROJECT
AND DEVELOPMENT MANAGEMENT.
PROIJECTS.

INTERVIEW WITH THE LCM TEAM

How the multi material additive manufacturing of magnetic components
developed in the MultiMag project will increase your competitiveness?

Additive manufacturing has created the potential for a whole new set of alloys, with specific
properties required that are different from the classic as-cast materials. LCM stands to benefit
from being at the forefront of AM applications for rare earth permanent magnets, as this has
the potential of opening new markets with LCM holding a key position in the supply chain.



WITH THE LCM TEAM

INTERVIEW

8

MARCH 2024 MultifNag ISSUE 1

What are the major challenges in the field of permanent magnets
development technology?

Many challenges come to mind. One of the most critical is the issue of a non-diversified supply
chain, which means a handful of key players control a large portion of the rare earth market.
This can result in unstable and volatile market along with geopolitical repercussions, which
can hinder the growth and development of rare earth permanent magnets.

From an engineering point of view: Making more powerful magnets, that can also operate in
more challenging conditions, will equate to greater energy savings, but at the cost of far more
complex and expensive manufacturing with more detriment to the environment. Designing
these magnets always requires a delicate balance between cost, effectiveness, and social and
environmental factors, which is challenging enough coupled with ever changing costs and
supply chain issues.

What is the value proposition of MultiMag project to overcome current
challenges?

The value proposition is the weight/size reduction of an electric motor and the ability to
manufacture shapes not possible with current manufacturing technologies. A smaller and
lighter electric motor can translate into significant energy savings, and critical raw material
reductions.

How the MultiMag technology will revolutionize the permanent magnet
industry?

Permanent magnets have traditionally been either sintered or mixed with polymers and
extruded and then then assembled into the motor. The size, shape, and weight of the
permanent magnet motor is limited by the traditional manufacturing capabilities. MULTIMAG
proposes a fully 3D printed motor, in virtually any shape or form. This will not only make much
lighter motors but allow for some novel designs that are impossible to manufacture with
sintered or extruded magnets.

Why is it important and urgent to come up with new alloy/materials
solutions for permanent magnets?

New manufacturing processes result in different conditions and requirements for materials, as
such traditional alloys might not be adequate or relevant, and hence new tailored alloys must
be designed and tested.

What are the next steps after the end of the MultiMag project?

As the technology readiness level approaches commercialisation it is imperative to look into
scaling up production, and look at the socioeconomic factors that can affect the full
realisation of 3D printed permanent magnet motors.
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MultiMag consortium partners are committed to actively participating in networking
and dissemination activities within the European multi-material ecosystem.

SPS Fair ICPE presented MultiMag at the SPS - Smart Production
Solutions fair that took place in Nuremberg, Germany on Nov 14
-16, 2023

Hari Nagarajan of VIT presented “Towards environmentally Formnext

friendly electric motors with multimaterial AM - EU MultiMag exhibition

Project” at the Nordic Pavilion of the Formnext exhibition on

November 8th.

ICPMAT MultiMag was in ICPMAT Conference (October 24th-27th), in Turin, Italy,

Conference represented by ELKEM and Dr Jan Ove Odden, who presented
“Experiences with silicon containing alloys for AM so far.

The F2F General Assembly meeting of the MultiMag project

was hosted by Aalen University, Germany, on January 17th MU“iMGQ F2F
and 18th. The progress of each work package was consortium meeiing
presented, and the next steps were planned for the

upcoming period. Following the Advisory Board meeting,

the project members had the chance to have a lab tour in

the facilities of Materials Research Institute ,Aalen.
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