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Y. Massive electrification in automotive
Vehicle accessible to the majority

Manufacturing of low-cost components

¥ Sustainable development
Low environmental impact of components through all their life

High energy efficiency and recyclability including reuse

Y. Supply risk of Critical Raw Material (CRM)
Limitation of CRM use
Development of recyclability process
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Most EM are flux EM:
Very good performances with PM
Manufacturing well known
Low cost

flux machine in automotive
Luxurious cars
E-Sport

AXIAL FLUX

B Funded by
LG the European Union

MAY.IMA




35

Continuous
massic torque
density [Nm/kg] Room of the call
55 HORIZON-CL5-2022-D5-01-09
20 T
15 Gap to reach the EU specifications
Axial flux machine |
10
5 . Lo 4 |
0 Continuous volumic torque density [Nm/I]
5:
0 10 20 30 40 0 60 70 80 90
+ Target = MO A M3 YASA 400
x YASA 750 ® Tesla 3 ¢ Hyundai Kona YASA Motor P400R
Emrax motor Phi-Power motor ®m Magelec M27P4 A EVO AF230

Funded by
the European Union

MAY.IMA




Axial flux machines is a good potential candidate to address the automotive core
market (50kW-120kW) but:

Y Performances below EU specifications

Y Costly solution

Y. Use of CRM (PM)

MAY.IMA




The ambition of MAXIMA is to design and develop a low cost modular PM axial
flux EM for the automotive core market :

> with improved performances,

¥ integrating CRM less strategies,

¥ with a low environmental impact.

MAY.IMA




Budget: 5,6M£
Duration: 4 years
Starting date: Feb. 2023

== I— Hoganis

Stellantis OEM
A
C@j rcelorMittal
Emotors EM manufacturer prestortl
OCAS Electrical steel supplier m \Eﬁ? EG%E&CH Magnetic Materials Manufacturer
Héganis Soft Magnetic Composite supplier WA b e OCAS, Hogands, MiMplus
rts ochn nIV.el'SI e
MIMplus PM Manufacturer and Recycler stMetiers = delille
4Multiphysics EM designer Full chain Eloctrical
Cromision | el vl from the | G
. . .. . MiMplus f . Manu_foctqrer
FEUGA Communication, Dissemination and € ... LEANTIS ————s manu Gcturlng 4Multiphysics,
Exploitation sMmaTorRs to recycling Emotors

m _ fundacién
idad

Thermal modeling and management e
UPC g g

Digital twin and control of EM OEM
Stellanti
UTCN EM design @ c6 CHonts
Zi52 CITCEA
VUB Life Cycle Analysis N w
A&M&U.Lille  EM manufacturing, LCA, EM Digital Twin UNIVERSITY

Funded by
the European Union

MAY.IMA




Optimal control with Digital

/ Twin to operate at the limit
¥ Performances below EU

specifications

Electromagnetic and
thermal High Fidelity
Model

¥ Costly solution

Model order reduction

New optimal strategy Al
of the EM

/\ Real time simulation

Actual |Measured data

electrical —

machine Control data

¥ Use of CRM (PM)

. Funded by
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¥ Performances below EU /
specifications \

¥ Costly solution

¥ Use of CRM (PM)

MAY.IMA

Optimal control with Digital
Twin to operate at the limit

Advanced multiphysics design
combined with new concepts
for thermal management

Stator
Concentric winding

Double stator

IPM_i IPM_V

Double rotor structures (SPM, IPM-| and IPM-V) - Double stator structure (coreless rotor)
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Stator module

Rotor module
N

¥ Performances below EU
specifications

|
Single EM Module

.

MAXIMA Concept

¥ Costly solution s Viodular design

¥ Use of CRM (PM)
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¥ Performances below EU
specifications

> Costly solution Modular design

—
\ Mass production oriented

and innovative
manufacturing

¥ Use of CRM (PM)
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¥ Performances below EU
specifications magnets

Virgin material or EoL Additives
(organics, 0.1-3%
fresh RE)

Magnet powder

EolL magnet

¥ Costly solution

Y. Use of CRM (PM) mmmmm) Disassembling and recycling
of PM

. Funded by
L the European Union
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Y Main goal of LCA in MAXIMA:
O Providing information on critical sources of environmental impacts and supply risks of EM.

O Impacts on climate change and mineral resource scarcity are considered.

L Help to eco-design the machine considering environmental aspects

Raw material extraction Production End-of-life management

MAY.IMA




Influence of the electricity production mix

B Use phase
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THANKS

Stéphane Clénet

Arts et Métiers Sciences and Technology
stephane.clenet@ensam.eu
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