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POWER IS NOTHING WITHOUT CONTROL™ .

Integration of Driving Simulator in
Tyre Virtual Development
Dario Marrafuschi — Head of Product Ty anr
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Pirelli introduction

Mian

150 YEARS AT A GLANCE

Incorporation of G.B. Pirelli
& C. The first Pirelli factory,
in Via Ponte Seveso in

The Ercole, the first
car tyre,

is patented. In 1902
Pirelli is the first ltalian
company fo open a
factory abroad, in
Spain. ltopens a
branch in London in
1909 and in South
Americain 1917 .

Pirelli is the first

Italian company to
be listed on the New
York Stock
Exchange. In the
same year the
company sets up its

1901

Milan, begins work in 1873.

Pirelli produces the first
“velocipede tyre". The
Tipo Milano model with
elastic beads comes
out.

1890

SEE

1907

oF

1929 Cotav e

first factory in Brazil.

Pirelii’s first victory in
international sport: the
Peking-Pans motor
race. The same year
sees the introduction
of the "Long P" logo.

1948

M

The launch of the
Cinturato™, the Pirelli
tyre that adopts a
revolutionary radial
technology.

1983 -

The first issue of Pirelli
magazine is published.
For over twenty years,
the pages of this
periodical of technical
information hecome
home to some of the
most advanced cultural
debates in Italy.

1960

The publication of
the first Pirelli
Calendar, a cultural
phenomenon that
reflects the
evolution of fashion

In the 1990s Pirelli
forms a partnership
with the Young &
Rubicam agency: this
is the age of the great
endorsers, like Carl
Lewis and Ronaldo,
and the famous
slogan "Power is
nothing without

Pirelli is now on the
ground in 12 countries
and continues to invest
in technological
innovation in
manufacturing in its 18
plants. This is the world
of Industry 4.0, the new
industrial production
model based on full
digitization.

1964 <

and lifestyles.

The Pirelli Skyscraper,

1994

Pirelli launches an

or "Pirellone”, is g international
opened: designed by » competition for the
the architect Gio Ponti, — redevelopment of

it becomes the symbol
of Milanese
manufacturing.

Mia

the former industrial
areas of the Milano
Bicocca district: the
Bicocca Project
gets under way.

control”.

2000s

H

TODAY

Pirelii retums to
Formula 1in 2011.
The company's
commitment to
racing now spans all
car and motorcycle
sports from rallying
to one-make
championships,
Superbike and
motocross.

Strictly confidential material
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Pirelli keywords

TECHNOLOGY FOR ELECTRIC VEHICLES

Ambitious EVs growth
2025E OE Pirelli Premium Share

\ an

Traditional

Ultra Low Rolling Resistance to improve
battery range

SUSTAINABLE INDUSTRIAL FOOTPRINT

Leading positions in ESG Indexes & Initiatives

SCIENCE
BASED
TARGETS

100% renewable Group Carbon Commitment to the
electricity worldwide by Neutrality by 2030 Science Based Target
2025 initiative
in alignment with our CO2

emissions reduction strategy’

ZERO

Most efficient plants in
terms of sustainability?
(e.g. excellence in water

management, zero waste to
landfill)

TYRES FOR HIGH VALUE MARKET

Leader in 2 19” marked tyres

nnnnnn

# of OE marked items vs peers

rocer: [

Avg. Top 4

IFORMULA1]|
TYRES

Challenging targets achievements

First CyberTyre™ inteqgration with vehicle dashboard

Feen 150 YEARS




Key macro-trends in the high value car/tyre market

AUTOMOTIVE/MOBILITY
igh End Consumer growth, with higher 0/ CAGR 20'25 - Global #
» High End C wth, with high +7% |
sustainability awareness B 75 K
» SUV outplacing sedans, with incremental offer >50% oo Z7s0t ot
America
» EV transition moving at full speed, 100% >30% Eyeﬁf;%rrlem ;(;r
connected tyre 2025

» Increasing variety in OE fitments, and specialty
» Higher performance requirements for eco-safety features

» Consumer specific preferences at regional level
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Design Innovation

Virtualization and Simulation bringing tangible benefits in both product development and industrialization

Development phase Milestones KPls
Product
: 2022 2025
Virual : Development Time
Tyre Design OE ~30%
-30%
REPL ~80%
Virtual
Tyre Test Prototype
Static simulator > - Costs
Perf. simulation

Industrialization phase

| New Product Line

Availability
o I

I +30%

Modelling &
Parametric Design

e 150 YEARS



History of virtualization ... from F1 to road cars

Pirelli has several years of collaboration with OEM on virtual development

From 2011 Pirelli started building KH on Real Time tyre modeling on F1 F RO M RACE
driving simulators

First road car application on driving simulators back in 2015 - virtual
development of Supercar

MOST
PRESTIGIOUS
GT SERIES

FORMULA 10

VIRTUAL W
MODELLING

IN 40
COUNTRIES

&
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Digital twin

Accurate Tyre Digital Twin

Tyre building process parameters and semi-finished

1° PROTOTYPE SECTION
VS
DESIGN CONSISTENCY

Virtual prediction Accurate

of Tyre geometry Numerical

« Test results vs simulations consistency from drawing Modelling

* Elimination of prototypes trials built

to fit the design

enabler
Virtual Spec Optimization

Feen 150 YEARS



Pirelli driving simulators

P N
Available from Q3
L e

e .
Available from Q3
L e

Feen 150 YEARS



Driving simulator applications

3, Internal development tests / pre-session OE projects

Driving -
Simulator / B Advanced TYRE MODEL development

FrELL

CyberTyre development
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Driving simulator applications — Virtual Tyre Development

»  Importance of a strong partnership between Car maker & Tire maker
»  Possibility to use various virtual tool to support / speed-up / quide the design

TARGET LETTER {—;]

VEHICLE SIMS &

DECRYPT SELLIEN [ ' SIMULATOR

, . Common & shared format insider Pirelli
(ENCRYPTED) PIRELLI DESIGN TARGLIS Easier to link with Technological Roadmaps
K CAR MODEL /

Yy

| VEHCLESNSS o 01D -~ f o 1
[: SIMULATOR m\t m ,') J —> L VIRTUAL DESIGN | <
TYRE SPEC™ (Loop )
COMPLETED A FULLY VIRTUAL DEVELOPMENT PROJECTS SPEC FREEZED "Iﬁ\

WITH BOTH PREMIUM & PRESTIGE CAR MAKERS
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Driving simulator applications — Advanced development

Thermo-mechanical models application and development ( Simulating vehicle-tyre assemblies A

Integration with vehicle simulation and RT capabilities
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Driving simulator applications — Replacement

» Key challenge for replacement tire is adaptability to different vehicle
« Pirelliinternal vehicle database validated with track measurements
» Possibility to run sensitivity studies to basic vehicle parameters
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Driving simulator applications — Cyber

Focus on Vehicle Control Systems interaction

»{CRTOuuBUS

CRTinputinterface

Off line simulations Driver in the loop simulations

A CYBER INNOVATION

Virtual Testing Scenarios

e 150 YEARS



Next challenges

Active

Steering Rear » Integration with HIL, SIL
Wheel « Integration with ADAS

Steering

* Integration with Autonomous vehicles logics

—
- ’ ‘ Torque
I A 9 control

Gﬁ"

» Extension to RIDE/NVH performance

VIZZOLA TICINO
— ) Virtual Wet Proving Ground
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POWER IS NOTHING WITHOUT CONTROL" ; SR

Thank you for your attention!
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