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Physical tire modeling for real-time simulation
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Do you need data from your tires for
models identification and
performance optimization?

P

‘

T.RLCH.

T.R.1.C.K. has been conceived as an
innovative methodology to tires

characterization, using the data from

vehicle, used as a moving laboratory.

Real tires, in real working conditions,

in contact with real road.

.
\

TRICH.
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Solution

- TR.LCK.: Tire-Road Interaction
Characterization & Knowledge

« characterize the vehichle system using it as a
«moving lab»

Target:

- objectivation of tire and driving performance
during testing

« achievement of tire-road interaction
experimental curves

- analysis of tires in real working conditions

- procedure easily implementable in customers’
process

GLOBAL AIM
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OUTDOOR TESTING
ROUTINE

tires Fx - Fy - Fz
sideslip angles
slip ratios
[] ‘ ‘ inclination angles

---------------------------

CAN BUS:

LONG & LAT VEHICLE Ax
SPEED PARAMETERS Ay

© TR.ICK.

Yaw Rate
Steer
Wheels 0

o —————
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“\ * for further info:
Pap .
RIS P
S 4";“: ——— Q’Q LS ‘ - ‘ Systems and Signal Processing - 72-73 808-831 (2016)
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F. Farroni - T.R.I.C.K.: Tire/Road Interaction Characterization & Knowledge - A tool for
the evaluation of tire and vehicle performances in outdoor test sessions - Mechanical
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POSSIBLE SCENARIOS OF USE

TRICK tool output possible application...

MF tire model

G Tire thermal model

Multiphysical tire model

—

ﬁ

* for further info:

F. Farroni, A. Sakhnevych, F. Timpone

Development of a grip and thermodynamics sensitive procedure for the
determination of tyre/road interaction curves based on outdoor test sessions
4t International Tyre Colloquium — Tyre Models for Vehicle Dynamics Analysis
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Do you want to know your tires'
optimal thermal range?

thermorRID=

thermoRIDE is able to provide real-
time tire temperature distribution,
with particular reference to the
internal inaccessible layers, deeply
correlated to friction phenomena.

O

thermoRIo=
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Prediction of tire temperature local Use information on inner layers
distribution for race events temperature

Bringing tire model to the next level

Advanced analysis & simulations concerning

performance correlation with tire temperature Setup development for thermal working
and pressure range optimization
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Physical Quantity Description Unit Reference frame

vSlidingFLLong Longitudinal sliding speed m/s ISO

vSlidingFLLat Lateral sliding speed m/s ISO

nWheelFL Wheel rotation speed rad/s ISO

aCamberFL Tire camber rad ISO

FxTyreFL Tire longitudinal force N ISO

FyTyreFL Tire lateral force N ISO

FzTyreFL Tire normal force N ISO

TTrackFL Road temperature °C -

TAIrFL External air temperature °C -

TDiscFL Disc temperature °C -
E& \ Kinematic signals Dynamic signals Boundary conditions
%’gﬂ!t!\%“\\s\. e,
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- temperatures:
= tread surface
tread core
tread base
inner liner
inner air

rim

OUTPUT ANALYSIS
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Tread Surface Acq
Tread Surface Sim
Tread Core

Tread Base
Innerliner Acq
Innerliner Sim
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- thermal exchanges:
= friction power
= SEL
=  external convection ll

1 |

= internal convection [ ‘ ( | " ‘l lt ' *
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How do mechanical abrasion and
chemical degradation affect tire
dynamics?

wedRID=

Abrasion phenomenon is modeled to
simulate the tire tread thickness
evolution during the lifecycle, as a
function of the cumulated damage
within the viscoelastic material.
o,

weamInD=
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weaRIDE takes into account of the following most relevant factors influencing the tire-road contact
mechanics:

tread temperature distribution

Tire tread temperature distribution influences the instantaneous
tire-road interaction since it modifies the viscoelastic properties of
the compound, affecting both the grip value and the damage rate

compound viscoelastic behavior

compound Compound viscoelastic properties play a fundamental o
viscoelastic role in modeling wear, considering both storage LY,
behavior - - As:Ng
modulus and loss factor properties, and employing {v,/; NV

TTS coefficients to take into account of actual “g

instantaneous temperatures and sliding speeds

road roughness road roughness characteristics

characteristic The road properties are responsible for the
level of indentation (stress & strain),
considering the roughness characteristics
and the instantaneous viscoelastic
properties of the tread compound
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Geometrical quantities and contact = The road roughness, in particular
patch characteristics are evaluated the macro wavelength and the
as a function of instantaneous tire - . profile variance can be evaluated
operating conditions ,/ \\\ starting from laser texture
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Kinematic and dynamic data

(generalized force and sliding
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Storage modulus E’, and the loss
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thermoRIDE and weaRIDE cosimulation

impact of tread depth variation

thermodynamics
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+ for further info:

F. Farroni, A. Sakhnevych, F. Timpone

Physical modelling of tire wear for the analysis of the influence of thermal and
frictional effects on vehicle performance

Proceedings of the Institution of Mechanical Engineers, Journal of Materials: Design
and Applications, n.1-2, pages 151-161 (2017)
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What if your tire model had sensitivity

with temperature, wear, pressure and
tread viscoelasticity?

adhemiD=

adheRIDE, the dynamic module of
RIDEsuite, represents an advanced
Pacejka-based interaction model,
whose parameters are no more static
or fixed, but evolving throughout the
entire run, depending in real-time on
multiphysical fundamental effects. 5@
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- stiffness variation

= stiffness decreases towards temperature
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« for further info:

\ F. Farroni, A. Sakhnevych, A. Sammartino, F. Timpone

“v!\ \ i Multiphysics model for tire performance optimization

:\\ﬁ'ﬁ' yh“ Tire Technology International (2020)
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« for further info:
D.Capra, F. Farroni, A. Sakhnevych, G. Salvato, A. Sorrentino, F. Timpone
On The Implementation of an Innovative Temperature-Sensitive Version of
Pacejka's MF in Vehicle Dynamics Simulations
Conference of the Italian Association of Theoretical and Applied Mechanics, 1084-
1092 (2019)
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Does your ride model interact with a
3D road mesh, feeling temperature
and pressure effects?
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threedeeRID=

threedeeRIDE is conceived with the aim
to overcome the typical issue of single
contact tire models. Such solution
provides the extension of the model
frequency range and information on the
real loads to the suspension.
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A specific maneuver in a dynamic simulation has been
designed to simulate a vehicle which:

- travels on road unevennesses

- Impacts on a kerb

A comparison between the default noisy single point
model and threedeeRIDE is presented.

@ Uneven road MF

threedeeRIDE @ Kerb impact
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Another example of validation towards on track acquisition.
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* for further info:
G. Tranquillo, A. Sorrentino, V. Van

White paper (2020)

From mechanical system to tire performance impact: DAS (Dual
Axis Steering) explained thanks to advanced modeling ROAD
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some of the RT users adopting RIDEsuite...
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Do you need to analyze tire data and
reproduce contact multiphysical
effects in your models?
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RID=lab

RIDEIlab is a data analysis and
identification platform, designed to
fill our and our partners’ daily

processing needs, to comprehend the

dynamic characteristics of the tires
and to decouple their physical
dependencies. @

RID=lab
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STANDARD MF IDENTIFICATION

- identification of the standard MF dependencies in a specific range of temperature, pressure and wear

_ J_ — 6000 |
I Nominal MF | 4000

grip vs temperature 2000 bk -

Fy[N]
o

i
| !
I | | o
i I

\'I

5000

4000

2000

1000

Fy[N]
o

45 50 55 60 65 70 75 80 85 90 95 100
temperature [°) =000

3000 P2 s

% . ; .
ff::\ﬁ“‘! "“ s 10

slip angle [°]

ny [l

ny [

2

15F

05

0F

05

DIPARTIMENTO DI

INGEGNERIA
INDUSTRIALE

powered by

& a5 i) UniversilAoeas STupr
& v Narou Froeuco

|

-10

10

15 -10 0 10 15
slip angle [°] @
RID=lab



powered by

@Urxl\*msi 1A e STunt

INDUSTRIALE o Navou Feoeruco

Q i me st STANDARD MF IDENTIFICATION S,z

- identification of the standard MF dependencies in a specific range of temperature, pressure and wear
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- calibration of the additional multiphysical analytical formulations, taking into account of the entire
pre-processed dataset to also extend the tire model reliability towards thermal and wear phenomena

- grip vs temperature 3D Grip Fqnction
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The 3 mistakes | did testing, analyzing and modelling tire/road grip, and what I learnt from them...

“An expert is a person who has made all the mistakes that can be made, in a very narrow field”

— Niels Bohr
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The 3 mistakes | did testing, analyzing and modelling tire/road grip, and what | learnt from them...
1. Considering the road/track asphalt as fractal
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The 3 mistakes | did testing, analyzing and modelling tire/road grip, and what I learnt from them...

2. Neglecting micro-roughness

Linear Friction Tester
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The 3 mistakes | did testing, analyzing and modelling tire/road grip, and what I learnt from them...
3. Looking for a fixed thermal working range for each tire tread compound

Lateral Grip

COMPOUND A
TRACK 1

COMPOUND A
TRACK 2
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Compact and ergonomics technology

@

One device for complete viscoelasticity
characterization
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Totally non-invasive procedure

Smart data acquisition for real-time and in situ

analysis Software

installer

Easy-to-use



VESevo GEN2
NEW DESIGN AND ERGONOMICS
- EMBEDDED ELECTRONICS
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Loss Factor

Storage Modulus
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info@megaride.eu </ (\
www.megaride.eu U\v)
Via Claudio 21, 80125 NAPOLI

DIl - Dipartimento di Ingegneria Industriale
Universita degli Studi di Napoli "Federico II"

ﬁ https://www.facebook.com/MegaRidevehicledynamics/
https://www.instagram.com/megaride_vehicle_dynamics/



