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- Outline - 9
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Scaling laws of electric machines

EMR-based scaling laws

Application case
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- Context of the study -

3
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0 Wide range of automotive applications
O Different requirements, power ratings

dimensions,...

reference:

L A growing interest in the scalability of electric
machines to meet market requirements

* Objective:

i Develop a method supporting the scalability of electric machines for system-level i
' investigations (energy consumption assessment, optimization, etc) i
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- Different granularity of models for designing electric machines -

Accuracy / Level of details
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- Scaling laws: a solution to accelerate the design process -
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- Different choices for the scaling process -
EMR’23, Lille, June 2023

6

Scaling <«
choices

Preserving
magnetic filed

Preserving
temperature rise

o
- e .

Scaling procedures

- Axial scaling - Radial scaling - Rewinding y

Hybrid choice

The derivation of the scaling laws depends on the scaling choice



« EMR-based scaling laws»
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- Principale of EMR-based scaling laws - 3
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» Organization of the scalable model following EMR rules, but with a new approach

—————————————————————————

Reference
PMSM

» Fixed model of the reference machine accompanied with two power adaptation
elements (PA)

* Only manipulation of inputs and outputs of the reference model
« Easy reuse of the model

[Lhomme 20]
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- Derivation of the electric power adaptation element -

Ed,q

Ld,q

9
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The superscripts n, m, and x depend on the
scaling choice
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- Derivation of the mechanical power adaptation element - 10
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power electrom. power
adaptation windings conv. adaptation
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- Scalable control scheme -

Reference machine
control

1
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« Application case »
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- Application case for electric vehicle - 13
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' Application of the method to analyze the influence
of scaling choices on power loss distribution
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- Results of the simulation-

14
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Two investigated scaled
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> Afew-Wh difference resulting from various scaling choices is insignificant for both
the machine and the vehicle



EMR-based PMSM Scaling Laws for Electric Vehicles

- Analysis of the losses inside the power adaptation elements -

loss [Wh]

AFE

loss [Wh]

AE

(BN B Js&o-]

T T

PM cu

fer

EMR’23, Lille, June 2023

Negative values = lower
losses as compared to the
reference design

Positive values = higher losses
as compared to the reference
design
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« Conclusion »
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- Summing up - 17
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» EMR-based scaling laws allows:

» Model reuse (reference model + two power adaptation elements)
» Control reuse of the reference machine

» Test of several machine designs with different power ratings, distinct
geometries

“* No significant impact on the scaling choices for the studied case

s Perspectives:

» EMR-based scaling laws for other components (inverter, gearbox...)
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