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© WHAT WE DO - FOR BIKE&TIRE

FROM VEHICLE DATA
TO ROAD GRIP
SAFETY LOGICS ] E

AND SMART MOBILITY -

» COST AND TIME SAVINGS IN
$ DEVELOPMENT STAGES

PATENTED
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SIMULATIONS
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\WHAT WE DO FOR I\/IOTORSPORT

DATA ANALYSIS FOR
TOP PERFORMANCE STRATEGIES

OPTIMAL TEMPERATURE FOR
MAXIMUM GRIP
g [ SCIENCE APPLIED TO RACES ]




RESEARCH HIGHLIGHTS

- TEAM AWARDED AS “M.L.T. YOUNG INNOVATORS UNDER 35" (G

- 1ST PROJECT IN ITALY FOR TECH-TRANSFER (IMSA AWARD) IN 2021 !

- 14 PhD / 20+ MSc / 35+ BSc PER YEAR ON VD AND TIRE SIMULATION TOPICS
- SUPPORT OF “TYRE LAB" UNIVERSITY FACILITY FOR EXPERIMENTAL ACTIVITIES 198



COMPANY HIGHLIGHTS

- “TIRE TECHNOLOGY OF THE YEAR” AND "VD DEVELOPMENT TOOL OF THE YEAR" !

- GROWING TEAM (45 PPL) AND BUSINESS (EBITDA >20%) IN 6 YEARS WITH NO DEBT / NO EQUITY GIVEN :{i

- BECOME A TECH-HOLDING GROUP INVOLVING 4 STARTUPS (MEGARIDE, VESEVO, RIDESENSE, GRIP ADVISOR) “-.h
-5F1/2 MOTOGP /1 MOTO2 /2 SBK /4 FOE /2 WEC /2 NASCAR /2 WRC /3 F2-F3/ 5 TIREMAKERS / 4 CARMAKERS @
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Development Tool of the Year:

MegaRide
Simulation
pack

From simulation to durability assessment, wftware
1o Lab machinery, the Development Tool of the Year
catogory tecognizes nnevation in creating tools that
help vehicle dynamicists achieve automotive excellence
In 2018 the startup company MegaRide (a spin
off of the University of Maples) Liunched 3 modular
wyatem 1o enhance teal-time diiver-in-the-lsop (D11
siemilation for tire performance and vehicle setup
optimization, with a view to heiping automotive and
motoezport comparies lmprove safety and performance.,
The company may be new, but it ks meporting succe:
having already had its systems implemented in ¢
wehicle and tire development programs of several tire
manufacturess, & well a2 the simulation systems of
sevenal motorsport teams from Formula E, NotoGP and
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MOOELS AND TECHNOLOGES
TO OPTIMKZE VERCLE J ROAD INTERACTION

DTM ~ and it has now won & VDI award

DIL simolators ase certainly vseful, especially
with the real-world testing limitations and costs of
mototsport, but If the theoretical limits applied In the
system ase not accurate, then the drivess’ sensations
and feeling of the car setup, as well as their responses
to the madel and feedback to engineers. are not truly
representative of the real warld.

To help schve this lssue, the MegaRide pack comprises
three main elements to enhance simulation: a physical
thermal model to predict, in real-time, the temperature
of different tire layers; 2 formula that takes into
account tread wear phenomena, 10 roughness
compounds’ viscoelasticity and grip/tompenatuse
relationship; and a multicontact tise/oad envels
model, to enhance the reliability of the driver’s feeling
in driving simulations, reproducing the ride dynamics
caused by curbs, bumps and 10ad roughness.

This coopesation between the models in real-time
simulstion emvironments increases the rellability and
the phyuicality of testing setsom performed using
driving simulstors and wehicle dymamics platforms,
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Why here today

The activities of the Vehicle Dynamics UniNa research group and of the related companies concerning the
development of models and procedures aimed to support subjects playing a role in vehicle dynamics field have
been extended in several projects to "two-wheeled vehicles" field, for:

“ DEVELOPMENT OF PROCEDURES
FOR THE IDENTIFICATION OF
PARAMETERS CHARACTERIZING
VEHICLES AND THEIR SUBSYSTEMS

“ DEVELOPMENT OF PHYSICAL
MODELS CONCERNING WITH
RIDE, COMFORT, HANDLING
AND TIRE/ROAD INTERACTION
PHENOMENA

“ DEVELOPMENT OF
INNOVATIVE METHODOLOGIES
FOR EXPERIMENTAL TESTING
ACTIVITIES, INDOOR AND
OUTDOOR

“ DEVELOPMENT OF SOFTWARE
PACKAGES FOR THE EVALUATION
AND THE OPTIMIZATION OF THE
VEHICLE PERFORMANCES BOTH IN
ROAD AND IN TRACK APPLICATIONS

/

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 1: from Vehicle Data to Models Input

T.R.I.C.K. (Tire/Road Interaction Characterization & Knowledge) is a tool for the evaluation of tire forces
from standard onboard signals, born for vehicle design target, grown for grip real-time evaluation

OUTDOOR TESTING
ROUTINE

|

Force [N]

Measured Fz RL Tyre
Estimated Fz RL Tyre
Measured Fx RL Tyre
Estimated Fx RL Tyre
——Measured Fy RL Tyre
--—-Estimated Fy RL Tyre

Fz
Sideslip
Angles

Time [s]

Lateral Interaction

f Y
CAN BUS:
LONG & LAT VEHICLE Ax

SPEED PARAMETERS Ay : ) @ T.R.I.C.K.

Fy

Yaw Rate

Steer |

Wheels 0 | |
R

L I

— o —

Slip Angle
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STEP 1: from Vehicle Data to Models Input

F REAR

L

oE

@ TRICK.
-~ ] -~

1
v THERMAL MODEL

m amemmnd  thermoRIDE

1 o8 28 o4 82 0 02 04 08 08 ' ve h | C I e

eamber [*]

a2k

F, IN]

o4

L&

L8

= Tangential Forces
= Vertical Forces

= Slip Angles

= Slip Ratios

= Camber Angles

= Wheel Speeds

thermodynamic
characterizations

tire
la

camber [*]

M | | . — ! * Model Parameters Characterization
o atios] ’ in cooperation with UniNa Tire Lab

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 2: Motorcycle Real-Time Tire Thermal Modelling

an overview

TARGET: - FORCES/SLIDING ========
|
|

I

1

v THERMAL MODEL
® Availability of thermal info on
inner layers (not measurable)

e smd  thermoRIDE
vehicle 1

® Advanced analysis & sim
concerning grip/stiffness
correlation with tire temperature

thermodynamic
characterizations

tire
la

—

® Prediction of tire temperature
local distribution in next events

tire*

® Setup development for thermal
working range optimization

* Model Parameters Characterization
in cooperation with UniNa Tire Lab

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 2: Motorcycle Real-Time Tire Thermal Modelling

physical modelling - basic concepts

The tire is represented as a parallelepiped, constituted by 6 layers (+ inner air and sidewalls) along
the radial direction z, discretized in a number of nodes defined by user according to the desired level
of detail and computational load for real-time running

TYRE ~

SIDEWALL

External air Road
A 4

Inner air

i

Rim

| SURFACECERICTIOND
sk GED)

[ INNER

Tread Surface
Tread Core
Tread Base
Belt

Plies

Inner Liner

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 2: Motorcycle Real-Time Tire Thermal Modelling

physical modelling - tire structure

The tire is represented as a parallelepiped, constituted by 6 layers (+ inner air and sidewalls) along
the radial direction z, discretized in a number of nodes defined by user according to the desired level
of detail and computational load for real-time running

Along the lateral direction the nodes are grouped in up-to-16 ribs in order to take into account
contact patch position due to steering and camber variations

2 reericie peotile = Tics geomeley SN 0 feolie - Ty Ry

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 2: Motorcycle Real-Time Tire Thermal Modelling

physical modelling - thermal phenomena

The model takes into account the physical phenomena concerning tire thermal behaviour:

/

~ / i FDQC .
" the heat generations due to: ;77 ‘ o
- Friction Power - tire/road tangential interaction . S ereer
 SEL (Strain Energy Loss) - effect of deformations due to rolling —

" the heat exchange with the external environment due to:
« forced convection of the tire surface layer with the outside air
« thermal conduction between the tread and the road ;
» natural/forced convection of the inner liner with the inner air A

SLIDING ADHEREMNCE

® the heat conduction between the tire layers due to temperature gradients

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 2: Motorcycle Real-Time Tire Thermal Modelling

physical modelling - formulations

The model is based on heat balance differential equations, carried out for each node and integrated
with time-varying boundary conditions, depending on their position around the axis of the wheel

The developed thermodynamic tire model is based on the use of the diffusion equation of Fourier
applied to a three-dimensional domain

it p-c, pcy

o _ g 1 (Pk@T)T 0%k@T)T 9*k@T)-T
dx? dy? 0z?

NODE IN CONTACT
WITH ROAD

Writing the balance equations for each generic node needs the modelling of heat generation and of
heat exchanges with the external environment

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 3: Model Parameterization
our nondestructive approach

In order to provide tire temperature distribution from telemetry data the model has to be properly
characterized by means of a specific “LAB” version, reproducing tire behaviour under testing
conditions

The tire parameters are experimentally characterized at UniNa TireLab:

= THERMAL: evaluation of the Thermal Characteristics
(Conductivity and Specific Heat) by means of a specifically
developed laser and thermal cameras test bench

= STRUCTURAL: evaluation of the SEL (Strain Energy Loss)
contribution due to rolling cyclic deformations of tread and
carcass structure, and measurement of the Contact Patch area
at different values of camber and vertical load

-
ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 3: Model Parameterization

Thermal Diffusivity Characterization

A fundamental parameter for the tires thermodynamic characterization is the thermal diffusivity,
which embraces together thermal conductivity, density and specific heat. Its estimation is quite
complex to determine, due to variabilityamong tires and to temperature dependence

\ < v :
- I I
- ’ %, ¥
i Op NATURAL

VENTILATION
EFFECT

% ThermoCamera
Surface Temp

i NATURAL ,
CONVECTION
208
st T o e,
IS
Bench Layout .

—TSurl - SIM
——TBulk - SIM
—TInner - SIM

== =TSurf - ACOQUIRED
Tinner - ACQUIRED|
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STEP 3: Model Parameterization

Footprints Characterization

SUMMIT

A specific test bench equipping contact pressure sensors is adopted
with the aim to quantify contact patch extension under variable values
of vertical load, camber angle and inflation pressure.

y=0/[deg] y=230[deg] V=55][deg]

i f:‘:' :ﬁ"

1200 [N]

FRONT Tyre F,

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 3: Model Parameterization

Inner Layers Thickness Evaluation

| 2024
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SUMMIT

The estimation of tire layers thickness is performed thanks to the elaboration of signals acquired by
ultrasonic probes

Echo Amplitude A%

Echo Amplitude A%

06 o8 cef 09 0S| Utf 0g| 02 01 %0
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STEP 3: Model Parameterization

Strain Energy Loss Characterization

The SEL (Strain Energy Loss) is the energy dissipated by the tire as a result of the deformations due
to rolling and road interactions. This dissipation is caused by a superposition of several phenomena,
such as intra-plies friction, non-linear visco-elastic behaviour of rubber components and sidewall
deflections

In order to determine the above mentioned macro
and micro mechanical characteristics, 2 different
identification procedures have been developed:

- macro-SEL, identified from track data, acquired
under specific testing conditions

5

- micro-SEL, identified from compound Z

viscoelastic  characteristics, measured by -
VESevo \_

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 3: Model Parameterization
Strain Energy Loss Modelling

e e R ————————————, — The macro and micro
t’J Q. _tm—— S SEL data collgctgd are
; meFes analysed and distributed
wacumapy (290 v ccnssonseontl (31 v T along lateral ribs by
. means of a dedicated
£2 T e processing tool
<%
{ | ‘
5 = 7 | Example:
- ~ Fz: 2000N
e e WJ’“ - II | Camber: 37°
I | Inner Pressure: 1.8bar
=l .. | AAEEEREE .
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STEP 3: Model Parameterization
Special Customizations

thermoRIDE Model — BOUNDARY CONDITIONS & FURTHER IMPLEMENTATIONS

= Inflation chamber airflow is
supposed as being
characterized by natural,
laminar or turbulent forced
convection depending on wheel
7,,( speed (studied with CFD and

J modelled by proper analytic
’ expressions)

= Convection with external
air is modelled by physical
analytic expressions or CFD

aero-maps

= Modelling of effects = Under/over inflation thermal effects
due to local heat

sources ERVLY Y
(exhaust-blown G L
diffusers & local B
overheatings)

TIRE TECHNOLOGY CONFERENCE 2020 - A REAL-TIME MOTORCYCLE TIRE THERMAL MODEL FOR MOTORSPORT APPLICATIONS
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STEP 4: Running the Model

Working Principle

Contact Patch nhodes motion withinthe unrolled tire surface grid due to Fz and camber variations

Fz =424 4988[kN]
2000 -
1500 : %, *“’o’tﬁs
_ Pl ¢:+ f :’»“ :N
L Al
% 1000 L il o * M ::“. .
('8 ¢++‘ P + -
500 ORI . g
[] 1 1 1 1 1 1 1 2 | |
258 260 262 264 266 268 270 272
camber = -45_904[deg] 4l . * |
A5 - o
A, . "
E —5[] - . ’“’ Q* :'q 5 1 I | 1 1 1 1 | I
© . & o N ] 2 4 6 g8 10 12 14 16 18
= B5l . * % & nz =2
= . & %. - +
E * * Tt f‘ ¥
8 60t W' W
_55 1 1 1 | 1 1 1
258 260 262 264 266 268 270 272
Time [s]
L — -
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STEP 4: Running the Model

Friction Power Consistency and Validation Tests

temperature [°C)

temperature [°C]

ZERO PROTOTYPES SUMMIT 2024 - A REAL-TIME MOTORCYCLE THERMAL AND INTERACTION TIRE MODEL FOR MOTORSPORT APPLICATIONS
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STEP 4: Running the Model
Whole Lap Tire Surface Simulation Rib by Rib

*** plotted half of the available

ribs just to help visualization

temperature [°C)

3‘/ "0 time [s)
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STEP 4: Running the Model
Whole Lap Tire Tread Core Simulation Rib by Rib

*** plotted half of the available
ribs just to help visualization
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STEP 4: Running the Model

External Surface Validation
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Running the Model

Inner Liner Validation

STEP 4
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STEP 4: Running the Model

Inner Liner Validation

Good fitting in stabilized
conditions, replicating
temperature  decrease
thanks to new weaRIDE
WEAR MODEL
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STEP 4: Running the Model

Inner Liner Validation

Transient dynamics in Good fitting in stabilized

inner gas turbulences conditions, replicating
(due to AIR MODEL, temperature  decrease
still in progress at the thanks to new weaRIDE
time of the analysis) WEAR MODEL
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STEP 4: Running the Model

Heating Sources Analysis

*** plotted half of the available
ribs just to help visualization

Lateral Friction Power
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thermal exchange [J]
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STEP 4: Running the Model

Cooling Sources Analysis

*¥* plotted half of the available

ribs just to help visualization

Road Conductivity
Inner Air Convection
Outer Air Convection

thermal exchange [J]
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STEP 4: Running the Model

The "Virtual.Sensors" Concept

*** plotted half of the available
ribs just to help visualization
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STEP 4: Towards Multiphysics

Temperature / Grip correlations

B External Surface
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Y-axis: lateral grip
X-axis: surface temperature
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STEP 4: Towards Multiphysics

Temperature / Grip correlations

T | | T

B External Surface
B Tread Core

Bl TreadBase ' 1 Y-axis: lateral grip
X-axis: surf/core/base mixed temperature
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STEP 4: Towards Multiphysics
Advanced Motorcycle MF Model

r=> FORCES ESTIMATOR ======="
| |
|

MF PARAMETERS
IDENTIFIER
1
REAL I
VEHICLE v
adheRIDE
TIRES COMPOUND MF-evo MODEL

VISCOELASTICITY

THERMAL

CHARACTERIZATION thermoRIDE
—
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STEP 4: Towards Multiphysics
Advanced Motorcycle MF Model

=» FORCES ESTIMATOR == === == e - an innovative Pacejka's MF model sensitive to:

r
1
1
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- TIRE TEMPERATURE

-
I
I
I
MF PARAMETERS : - COMPOUND VISCOELASTICITY
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I
VEHICLE : 1
MODEL v :
Worki
adherRIDE | voiwies | (S )
- =N
I .
MF-evo MODEL | Tread e pky1
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1 Road : » | formulation
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STEP 4: Towards Multiphysics
Advanced Motorcycle MF Model
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r I APPLICATIONS:
1 |
MF PARA:METERS ® Vehicle Setup " Laptime Predictors
IDENTIFIER Optimization accounting for grip/temperature
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