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User presentation:
FLUX for automotive applications

Mamy Rakotovao
VALEO
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g • Electrical machine design problematic
in automotive industry

• Flux as part of optimization tools: case
of salient pole generator

• Flux as virtual lab: validation of new
concept (virtual prototype)

• Conclusion

Overview
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Automotive problematic

Electrical
machine

Environment
-Vehicle

-Driver & Passengers

• Main functions:
! Output electrical power
! Output mechanical power
(Mission profile)

• Constraints functions:
! Cost
! Process
! Thermal (temperature,…)
! Mechanical (NVH)
! Electrical (EMC, …)
! Weight, packaging
! Availability (time)…
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g • Performances calculations in steady state
taking into account the whole environment
constraints

• Estimation of mechanical and electrical noise
due to the electrical machine (transient
analysis)

• Development of virtual prototype able to take
into account fast analysis of highly transient
phenomena

• Capability to put in place efficient (fast,
accurate, reliable) optimization tool

Impact on electrical
machine development



EuropeanEuropean FLUX  FLUX UsersUsers Club 2004 Club 2004    -  -  Grenoble 14Grenoble 14thth, 15, 15thth  OctoberOctober
66

R
ea

ch
R

ea
ch

 th
e 

 th
e 

Su
m

m
its

Su
m

m
its

 o
f 

 o
f E

le
ct

ric
al

El
ec

tr
ic

al
 E

ng
in

ee
rin

g
 E

ng
in

ee
rin

g • Feed back from experience (thermal
aspect, performance …)

• Analytical model for virtual mock-up
• Finite elements analysis
• Optimization method: DOE design of

experiments, …

Development tools
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Development flow

Requirement

Translation into 
electrical design 

constraints

Method validation based
on existing product

(FLUX Calculation/measure)

Optimization
FEA DOE

FLUX package
Prototyping

OK ?

Know-how
database



EuropeanEuropean FLUX  FLUX UsersUsers Club 2004 Club 2004    -  -  Grenoble 14Grenoble 14thth, 15, 15thth  OctoberOctober
88

R
ea

ch
R

ea
ch

 th
e 

 th
e 

Su
m

m
its

Su
m

m
its

 o
f 

 o
f E

le
ct

ric
al

El
ec

tr
ic

al
 E

ng
in

ee
rin

g
 E

ng
in

ee
rin

g

Optimization process: case
of salient pole machine

• DOE with 14 factors
including machine structure
and load case

• Objective function: 8kW
output electrical power at
1750rpm and weight (<8kg)

• Finite elements analysis
with electrical circuit
coupling and load (rectifier)

• Validation done with less
than 5% difference
compared to measurement
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Optimization process: case
of salient pole machine

• Identification of significant parameters with 32 experiments leads
to 5 significant parameters
! 3 factors with important effect (>10%): stator poles number, stator turn

number and load resistance
! 2 factors with significant effect (>5%): stator tooth width and rotor

turn number
• Parameter optimization was done with complete design of

experiment with 4 main factors
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Optimization process: case
of salient pole machine

• Some figures of DOE results

• Prototype was built and showed that there was 5% difference
between prediction and mock-up performance
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Flux as virtual lab:
validation of new concept

• Development of highly
dynamic model of claw
pole machine taking into
account non-linearity

• The model should be
able to take into account
non sinusoidal current
and operational from 0 to
20000rpm

• Integration in full vehicle
electrical architecture
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Flux as virtual lab:
validation of new concept

GENERATOR

BRIDGE

• Generator with
non  linear
inductances
(taking into
account magnetic
circuit saturation)

• Model taking into
account space
harmonics
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Flux as virtual lab:
validation of new concept

• Armature flux calculation taking into account armature magneto
motive forces reaction by projecting them on the field magneto
motive force axis

• Electromotive forces are calculated by flux derivation
VEA= -d Flux_total_A/dt
VEB= -d Flux_total_B/dt
VEC= -d Flux_total_C/dt
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Flux as virtual lab:
validation of new concept

• No load flux
calculations
done with
FLUX 3D

Flux Space Harmonics vs Field current
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Flux as virtual lab:
validation of new concept

• Flux results
validation in
no load case

No load flux peak value vs field current
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Flux as virtual lab:
validation of new concept

• Flux results validation
in  load case

Line current comparison at 1800rpm
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Flux as virtual lab:
validation of new concept

• Flux results validation in  load case

Typical measured waveform

Phase current comparison at 1800rpm
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Flux as virtual lab:
validation of new concept

• Capability with FLUX3D to do in depth analysis of electrical phenomena
taking into account armature reaction and leakage inductance …

! Parameters identification
! Special virtual testing

Flux per pole at 1800rpm
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Conclusion

• FLUX package allows:
! Accurate and fast optimization with well posed

problem (FLUX 2D)
! In depth electrical analysis capability with FLUX

3D
• Need of increased ergonomic interface:

! To handle DOE process (see Flux Club 2002)
- Parameterization
- Re-meshing
- Batch
- Results analysis
- …
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