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-Context: Scalable electrified powertrains-

EMR’25, Lille, July 2025
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Downscaling

reference: https://www.renaultgroup.com

Reference electric axle

O Wide range of automotive applications
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| % Objective: |
' Develop a tool for transferring/scaling the design solutions of a reference component to promptly derive others for a i
: fast energy consumption assessment !
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-Scalability: what this stands for?-

EMR’25, Lille, July 2025
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-Need for a flexible and versatile method to incorporate scaling approach at system-level-

5

Component scaling

control of

 Re-compute parameters and
re-tune controllers’ parameters

» Generate efficiency maps

New method t4 : ture a s le mddel and

Post-processing phase

A reference eWﬁst;r EMR

L\

» Considerable number of scaling

methods for each component

oo
-
-

» Diversity in requirements of
automotive applications

— How can a scalability approach be integrated?

Update
parameters

EMR’25, Lille, July 2025
System-level simulation

framework
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-Need for a flexible and versatile method to incorporate scaling approach at system-level-

Component scaling

Considerable number of scaling
methods for each component

Diversity in requirements of
automotive applications

\

New method to structure a scalable model and
control of a reference e-axle based on EMR

6
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System-level simulation

framework
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How can a scalability approach be integrated?
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-New structuration of the scaled components based on scaling laws-

EMR’25, Lille, July 2025

-
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Electric machine scaling

- Rewinding

aa [Lhomme 20]

-Gear ratio scaling

Gearbox scaling
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-New structuration of the scaled components based on scaling laws-

Conventional organization
of models
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New organization of
scalable models
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-EMR-based scaling laws of electric axle-

10
Scaled electric axle EMR’25, Lille, July 2025
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-EMR-based scaling laws of electric axle- 1

EMR’25, Lille, July 2025
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-Simulation-based validation of the proposed scalable model-

——

i {:umin u g:atirﬁresilé J‘
\\‘\ % Ntz F E— |

T

Electric
machine

= — 1 Final
drive

Battery Gearbox

S
Wheels

Inverter

Upscaling
e-axle

v
Applied scaling factors

« Power (machine+inverter): 1.33

« Gear ratio scaling: 0.85

EMR-based scaling laws

Reference efficiency
map of electric axle
+
Online adjustment of
I/O variables through
PA

Conventional EMR
(no involved PA)

Scaled efficiency
map of electric axle
Computed offline in

post-processing
phase

Scaled e- axle
e >€———->€———————— >

TGBO

sh,out

N ~-pRo
GB
'Q‘sh.out

7 +EM°
Tsh.out

EMR’25, Lille, July 2025

Organization of models

Driveline Chassis

GB' '
Tsh.out FWh
b >
1
1
1
1
1
1
1
1
1
1

¢

D y
GB' %
ﬂsh.out veP A Vven

[ES
Ftl-act
kyrk

Braking

*GB'
Tsh.out

strategy

GB’ !
Tsh.out FWh

-
L

il
1>

r 3

)e
e
N

QGB’

veh !
sh,out v

r 3
I8 brk

Ven

Forx
L. —

< 3

T:“GBf F”

sh,out wh

Braking meas

strategy

13



EMR-based scaling laws for scalable electric vehicle simulation framework

-Simulation-based validation of the proposed scalable model-

EMR’25, Lille, July 2025
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-Conclusion-

15
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Scalable and unified simulation framework to analyze the performance of a broad range of EV (model and control
reuse)

Extending the scope of application of the EMR formalism for design assessment using power adaptation elements

New organization of the scaling laws

Perspectives:

» Investigation of the applicability of the proposed methodology for Hardware-in-the-loop testing
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