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JLaMCuzE

Laboratoire de mécarique,
multiphysigue, multiéchelle

LaMcube presentation
Laboratory of Multiphysics and Multiscale Mechanics

= A mixt Research Unit with CNRS since 1991 (LML) - currently UMR CNRS 9013

» Members : 37 permanent researchers, 14 technical staff, 50 non-permanent researchers (PhD+Post-Docs)
= Covering 3 institutions (Univ. Lille, Centrale Lille, CNRS)

= 4 research groups

Behavior and
mechanisms of
damage and fatigue

Biomechanics of
soft tissues

Mechanisms induced by Behavior of
friction & Braking geomaterials
P. Dufrénoy, AL. Cristol

Common aspects: continuum from material elaboration to the description of systems under complex loading

consideration of relevant scales



Research team MuFrein

Mechanisms induced by friction & Braking

= Team members
» Permanent staff: 8 researchers (2 Prof., 6 Ass-Prof.) + 3 Engineers
» Non-permanent staff: 10 PhD students + 2 Post-docs

= Scientific goals
» Understanding the phenomena induced by friction
» Tribology (friction, wear, particle emissions)
» Thermal localizations (hot spotting) and damage of components
» Vibrations induced by friction (noise)

= Difficulties
» Multiplicity of physical couplings
» Diversity of scales: contact / materials / system
» Complex and evolving materials with use
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Laboratoire de mécarique,
multiphysigue, multiéchelle
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Laboratoire de mécarique,
multiphysigue, multiéchelle

Research team MuFrein

Mechanisms induced by friction & Braking

= Societal context
> Goals

» Safety: stopping distance, integrity of components
» Material consumption: wear

» Environmental impact: noise, particle emission

» Reduction of energy consumption

FFT pion pleins

» Main applications W ‘ ! |
» Braking : |
» Blade-casing interactions in turbojet

» Wheel-rail contact




Research team MuFrein ¥ !-baIVdIClBE

Mechanisms induced by friction & Braking multiphysique, mliéchell
Cross section of a pad-disc contact after use

= How a dry contact works?

Organic pad } .
Dispositif _ .

» Apparition of a third body separating the two first
bodies (pad and disc) providing

Premiers
corps

Cast iron disc

el_oad'bearing Third-b{)dv layer corps
ting th
- Speed accommodation fstbodies _ / ////
->Wear process 10un LT ﬂ
Wi
T°C HR
100 pm
[Wear 267 781-788]
» Tribological circuit
I External flow Qe
Source flow “D , .
TR Third body flows -2 development of the load-bearing

ﬁVear flow Qw



Research team MuFrein LaMCUsE

Laboratoire de mécarique,

Mechanisms induced by friction & Braking multiphysique, mliéchell

= Strategy
» Considering physical-coupling
» Considering the contact-system interactions (multiscale)
» Studying the initiation of phenomena (source mechanisms) and their evolution

Damage - Cracking

[ N

l‘\‘b

[N

TGV lining

Durabil Ity Surface d'un plot de garniture frithés TEY usagée &n sarvice commarclal
& Emissions 240 s

Thermics

Surdazs macrescspiquamant plans
- rEmErsuses poresites
- traces de glisserant
- signas d'écoulemant

Tribology

Characterization and . .
‘ modeliing of materials and ‘ 3" body....oxydation

MRt

2T

surfaces

Dynamic

Acoustic




- | aMCuUzE

Laboratoire de mécarique,
multiphysique, multiéchelle

Research team MuFrein

Mechanisms induced by friction & Braking

= Strategy/Means  pegicated experiments
with improved measurements

» Test benches from industrial partners
* Dedicated tribometers in the lab

/ * Improved instruments '

Material formulation and process

* Industrial formulations Theroretical and Numerical models
* « Model » formulations (well-known & simplified) * Transient analysis
« Multiscale modelling ‘
Analysis and characterizations -

of materials, surfaces and interface L
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Research team MuFrein

JLaMeuE

Laboratoire de mécarique,

Mechanisms induced by friction & Braking multiphysique, mliéchell

= Some recent and current projects

|
CPER CISIT / ELSAT2020 / RITMEA (basis of friction and wear) CIS\\ ' Yo
ADEME GLGV (railway braking : pad design for high performances + vibrations-squeal) @x
ADEME CERVIFER (wheel-rail contact : durability and squeal) C/i rsmar  E VibraTec

ONERA

MEDEA (blade-casing interaction) @ SAFRAN

APERAM (disc for particle emission reduction) @p@ ‘om

ey TV
ADEME BREAQ (railway friction brakes : wear and particle emission) ALSTG’M '@x B e <
. CERI-EE LAMH

HAS (squeal of automotive disc braking systems) ,E,!I%?ll\,ﬂi m Lapinus’

Hitachi Automotive Systems

MESRI-BBF PI-CUBE (Physics-informed Artificial Intelligence for " yof chnoegy  Audli @
Cutting Brake Emissions from Electric Vehicles) @H.tacm Automotive Systems, Ltd.




Automotive PM emissions

PM2.5 emissions rates by car fuel types (UK 2015)
(Fine particles with a diameter of 2.5 um or less)

PM2.5 emissions rates (grams/km

travelled)

0.030 -

0.023 -

0.015 -

0.008 -

0.000 -

Road abrasion PM2.5
= Brake wear PM2.5

= Tyre wear PM2.5

® Exhaust PM2.5 (hot and
‘cold start')

Average Petrol Diesel Petrol BEV car
car ICE car ICE car HEV car

-> Battery EV is not a “zero emission vehicle”

©

Remise en
suspension

30-60% PHE

5-30% PHE

Poussiére de la route (W )

Particules d’usure des freins (® )

Particules d'usure des pneus (« )

Particules d'usure de la surface de la route (@)
Particules du contact pneu-chaussée (o, o, 8 ., w)
Particules a I’échappement ( 4) - PE

15-55% PHE
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Usure des freins _.»/f . Nl = R
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Contact pneu-chaussée i ‘}\ Echappement

 Usure de la route
5-30% PHE



Braking emissions

Squeal noise
Frequency > 1kHz
Noise level > 90 dB

Noise due to transportation in lle de France
—> Loss of 75 000 years of heatly life/year
(7.3 months/individual)

- Stress...

(2

— dust and particles

Particles emission
15-55% of non-exhaust particles

Fine PM

Coarse PM

Classification of particles and
influence on people’s health

Sedimentable PM (100 Um — 30 Jm)
Total Suspended Particles (TSP):
Coarse PM (10 Um — 2.5 Um)
Fine PM (2.5 m — 0.1 Um)
UltraFine PM (0.1 dm — 0.001 pm)

Py
" Masal cavity
M > 10 pm Throat

Trachen

i’

PFM 10 - PM2.S A .

|\ Primary Bronchus
Bronchioles
Alveolt

PM = 2 Sum

Particles + VOC emission
—> 380 000 deaths/year due to transportation (6400 in France)
- Respiratory diseases...



Braking emissions

F

.. Interaction with EV
= How to reduce the brake emissions? (actuation) ‘ )
» Materials / Component design / Actuation @ S —_—
it

Understanding link between emissions and the tribological circuit Particle and noise }

- tests with multimodal operando measurements generation Lealth

- physical models ANR/DLR PI-CUBE Particle & VOC impact

_ enhanced data treatment (automotive application) emissions and diffusion CPER ECRIN

ADEME BREAQ
(railway domain)



PI C U B E P ro - ect Hamburg University of Technology Audi @ — anr o e Q Ligdali:‘?mwﬁum %Pror:kltlugmr
J @Hilachi Automotive Systems, Ltd.
Physics-informed Artificial Intelligenve for Cutting - ; ® o
Brake Emissions from Electric Vehicles £ £ 5 L g 13
= v : - Mechanical energy dissipation
("] start i 1 - High velocities and high decelerations
= Context - T - it ‘
. . ] ! — ] )
» Blending braking strategy between s o % NVH- and particle-critical i)
electric brake et mechanical brake g || M s i |

c
S mechanical brake
m©
c
Q electrical brake
[} : -
§ dmax : ! driver deceleration
- electr : H
: request
to ty time ty ty ty

~ Battery electrified vehicle (BEV)

Braking BEVs:

= Objective o
> Reduce brake emissions by optimizing the Electric braking ™ | J’(@)

blending Strategy USing Al control - Al-driven brake control | I @
- Emissions reduction v
Al control 1 @ o)

= OQOutcomes
v Safe braking

v" Energy efficiency
v" Reduced particle emissions (-50%)

v" Reduced brake noise (-50%)




Q Bundesministerium
fidr Bildung
und Forschung
DLR Projekttrager

TUHH, GO )

Hamburg University of Technology Audi

P I 'C U B E P I'Oj eCt @Hitachi Automotive Systems, Ltd.

= Strategy e e e Hime = oo e
K test bench

Al module ( '
*»} ») , — E.,a.umS
o | L DR
= i B vains I
l_ Energy Ih v

management

Driving profile A
data ext braking

predictor

Offline pre-training
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Numerical g (‘_‘\ T
simulations ks
r Physical models r"')‘i.w‘ir’luaﬂ Sensors (" Physical sensors

Test bench data
X = f(x) ‘ | | |
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| JUHH, a300 @)
PI-CUBE P roj ect @ Hitachi Automotive Systems, Ltd.

Highly instrumentalized tests ~50 channels

on simplified set-up . ->Profilometry, photos

¢ Particles + VOC ->Collecting box with air flow chamber

¢ Atmosphere - Humidity control

+ Mechanical - Piezoelectric, Foucaults

¢ Acoustic - Microphone

¢ Thermal >Embedded thermocouples (pin), IR measurement

1
@ Bundesministerium
s fiar Bildung,
1| ppe— und Forschung

DLR Projekttrager

Imposed
displacement, A
i Airinlet — .. . =
Yo A ‘ outlet
Pin sample —— =)

_~ Flexible beam Sampling points




TUHH GO

PI.CUBE Proj TUHH, GID @) — =
- rojeCt @Hilachi Automotive Systems, Ltd.
Highly instrumentalized tests
on simplified set-up ([ Cond cases
;'l"t._‘l Lab in Lille
Level 1: Data treatment from sensors e e |~ LWIES
Overall trends on results | '

—~>Relevant data

—>Loading macro data / in-situ data

—>Connections between particle / squeal emissions
—>History effect, etc.

Al modules

Level 2 : Physical description
» Tribology mechanisms : material thermal thresholds; scenario
description of tribo circuit (matter flows); dependency of loading
parameters; history...
* Importance of considering contact localizations - opening/closure Cold 207 Hot band Hot zne
« Evolution to a stable/unstable tribological circuit (compacted interface i - J
Coaptiind Fagretsin

layer) > emissions B
shearing of third body

Pad Fisrt-body thermal-expansion cistorsios

@ --> Extension to braking system



= ALSTOM FLERTEX P MY - <= -
BREAQ PrOjeCt J Funded by PIA

Operated by ADEME
Air Quality & Healthier Mobility™ _

BRaking Emissions characterisation & mitigation for Air Quality improvement

= Context

» Air quality for urban and sururban areas
» Overshoot of limit values in metro and railway stations

= Objective

» Limit quantity & hazardousness of emissions by optimizing traction/braking and
developing collection system

= Expected results
» Better knowledge and models
» Air quality improvement for customers and end-users




B R E AQ P rOj e Ct Funded by PIA

Operated by ADEME
Air Quality & Healthier Mobility™
BRaking Emissions characterisation & mitigation for Air Quality improvement

= Strategy

Braking / Wear Wear / Emissions Diffusion Mitigation

| % - . g ..J.,.+
' - Source Reduction i‘%
Wear Nature & ] Diffusion | & ‘ | (e
models Quantity i ) models . ) W=
b Collect
~— / | )

Low emitting brake pads/disc

Mitigation solution development
® Optimised traction- braking function

B Optimised friction materials
® On board treatment system ..
B coleet s slon




Laboratoire f\)
Génie Civl (’ INSTITUT 3 N
etgéo-Environnement PASTEUR T i s

Lille Nord de France REPUBLIQUE FRANGAISE  Hauts-de-France

CPER ECRIN === (5
WP1.4.4 Analyses en toxicologie, morphologiques et physicochimiques des émissions des
systémes de freinage

= Context S
> Toxicity of brake PM emissions

PM < 25um

= Strate
gy Analyse temps réel Vers Impaclteur/ﬁftraﬁon Analyse temps réel Ence”Tte
de I'émission 1 pour toxicologie et de I'exposition y e
:,,- t e chimi d’exposition
L ,Wmll.‘ Nbre & tall anelyse physicochimique '® e & e P
i! E particules ‘u - particules Sondes (T°, HR...)
= i Centrale acquisition
T I = Chambre d’exposition Evacuation
242 Dilution
Débit
1 de
fuite
pression, - Evacuation
Air débit Banc de Air
médical . médical
freinage avec
enceinte de

\ ) prélevement )

Ecotoxicity studies by comparison :
* 1 control room / 1 plant exposure room (vegetable foam as sentinel surveillance)

« 1 control room /1 lung cell exposure room

Nasal cavily

Threat
Trachen

\ Primary Bronchus)

Bronchioles
Alveol



Braking emissions

F

Interaction with EV I

= How to reduce the brake emissions? (actuation, energy) ‘ )
» Materials / Component design / Actuation @ S —_—
.;E:
Understand.ing Iink.between emissions and the tribological circuit Particle and noise }
- tests with multimodal operando measurements generation Lealth
- physical models ANR/DLR PI-CUBE  Particle & VOC emissions + diffusion impact
_ enhanced data treatment (automotive application) ADEME BREAQ CPER ECRIN

(railway domain)

» Optimize the use of the brake blending considering energy flows
(for EV) Project TIM CPER RITMEA

(=)
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TIM Project

Traction and braking
amif: Integration in a Modular
. way for optimization of
consumption and emission

\\II»y
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TIM Proje(.:t L ?Jl_e&p “ . CPER RITMm
Traction and braking Integration in a Modular way for -

AY

optimization of consumption and emission

System-level design

[Jaafar 12]
L Applications ] [Silvas 17] L Parameters ] L CTargtet§ It ]
[Kabalan 20] onstraints

4 A S
— } ____________ Environment Energy
| '0o'0 | - (e.g. grade, wind) | efficiency |
Sare Emissions
( h \ [ Dimensions
| FommmyoL i
p . / Comfort,
Q / Performance
- 5 N v,
€ ) Lifetime,
= Reliability,
\ J Safety
x Satisfy not only a unique profile
@ X J but a class of profiles (real-time)



TIM Project eLceP

pLY i bty

System-level design

— Targets /
L Applications ] L Parameters ] L Constraints ]
______________ Energy
- efficiency
e

Energy

management

-
- -
bl . -
=

Mono-objective strategy




TIM Project

System-level design

L Applications ]

e

MR
b

2L EP

R

=

——————
- -
- -

Plant
(sizing)

Energy
management

-
- -
o -
o =

Co-design with multi-objective strategy

Targets /
Constraints

.

Energy )
X efficiency

Emissions

Lifetime,
Reliability,
Safety




CUMIN programme

Our campus as

an exciting living lab
ibg = -cities!

2 amin towards eco-cities!
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