1B 2024 V 4
“““““““““““““““ ZERO PROTOTYPES
SUMMIT y,
Y,
i
MAY 149-16, 2024 yi

VI-GRADE SIMCENTER UDINE - ITALY

>

\

.\
N\

'IIII!IIn

A HAPTIC ENHANCED STEERING »S-II\HJLATION EASED ON MULTI-CONTACT TIRE
MODEL AND MIXED HARDWARE-IN-THE-LOOP STEERING BENCH

=i
M AR = Andrea Sammartino — Project Coordination Manager @ MegaRide 15_;1““' %

APPLIED VEHICLE RESEARCH

i

Luca Veneroso — Control System Engineer @ Meccanica 42



1\

Annd

2024
ZERO PROTOTYPES

MECCANICA42 SUMMIT

B222223
(222222
222222
533533

M=cARID="
APPLIED VEHICLE RESEARCH

an official UniNa spinoff company

UniNa Vehicle Dynamics research group

MULTI-PHYSICAL TIRE MODELS

MODULAR SIMULATION PLATFORM

SCIENCE APPLIED TO RACES

A HAPTIC ENHANCED STEERING SIMULATION BASED ON MULTI-CONTACT TIRE MODEL AND MIXED HARDWARE-IN-THE-LOOP STEERING BENCH - ZERO PROTOTYPES SUMMIT - MAY 14™ -16™ UDINE



1\

E?} 2024
ZERO PROTOTYPES

MECCANICA42 SUMMIT
TECHNOLOGIES FOR

@RUIRE MAKERS/|=

-

FORMULA E MOTOGP FORMULA 2

WORLD DTM WORLD ), [ \ £ | Mo jh =

"Audl Sport EHAMFIDN & Audi Sport | CHAMPION

A& Audi 5P°"t DTM FORMULA 3 FORMULA 3
wnnLn WORLD WORLD - WORLD
CHAMPION CHAMPION CHAMPION CHAMPION

A HAPTIC ENHANCED STEERING SIMULATION BASED ON MULTI-CONTACT TIRE MODEL AND MIXED HARDWARE-IN-THE-LOOP STEERING BENCH - ZERO PROTOTYPES SUMMIT - MAY 14™ -16™ UDINE



15\
famd

2024
ZERO PROTOTYPES

SUMMIT @ M=cARRID=

A HAPTIC ENHANCED STEERING SIMULATION BASED ON MULTI-CONTACT TIRE MODEL AND MIXED HARDWARE-IN-THE-LOOP STEERING BENCH - ZERO PROTOTYPES SUMMIT - MAY 14™ -16™ UDINE



HBK:E 2024 V 4 (.

V 4
,II
V 2 4

ZERO PROTOTYPES
MECCANICA42 SUMMIT y,

M42 PRODUCT LINES

@ M=CARRID=

Real-time test benches On-board devices
Exploiting real components on virtual vehicles for Orchestrating control over high-performance
testing and validation vehicles for autonomous and by-Wire systems
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A modular multiphysical simulation platform for a holistic view of tire bhavior
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RID=suite

thermoRIDE adheRIDE threedeeRIDE weaRIDE

thermoRID= adhemiD= threedeeRID= T ——

It comprises four main elements, able to simulate in detail the physical effects characterizing a vehicle interacting
with the external environment.
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Introduction
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« reproduction of real contact between
the tire and the road macro/micro-
asperities

« enhancement of real contact feeling in
hard real-time environment

thrEEdEEH|DE « overcoming the typical issue of single

point contact model

threedeeriD=
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Working principle

Rim center position
Rim angular orientation
Rim translational velocity
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Working principle
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Working principle
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Road profile characterization

THREEDEERIDE
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Output analysis

Contact patch variation Cams dimension variation Uneven road
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The model allows to reproduce the real
_ | natural filter that tire represents between
K/J A ((@)) the road and the wheel hub, improving the
S 1t ] correlation with the measured data.
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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.
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How is possible to
enhance
Steering Feedback?
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© Open loop maneuvres

© Closed loop maneuvres

How to enhance
Steering Feedback?

o Tie-rod forces

Test-bench validation

o Steer torque

\_

o Steering effort

o Micro-roughness and curb
interaction

Simulator session
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The “Seaside Racing” project: overview APPLIED VEHICLE RESEARCH
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Correvit S-motion
Longitudinal velocity
¢ Lateral velocity

Slip Angle

Steer sensor
Steering torque
Steer angle
Steer velocity

Wheel transducer
Contact patch forces
Wheel speed

Wheel angle

Tie-rod \.

loadcell
Tie-rod forces
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TEST-BENCH VALIDATION

SMC EPSIL

Brakell

Steering angle/torque feedback Steering wheel input

/ EPSilL \ / Steering Robot (SMC) \

Motor
actuation

Real-time Motor

q actuation
machine »| EM EM

\ Steering angle/torquetarget /
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Actuator Target Source Closing loop sensor

© Left tie rod motor Tie rod force Vehicle tie rod loacell EPSIL Loadcell Torque

M meter
O

= Right tie rod motor Tierod force Vehicle tie rod loacell EPSIL Loadcell

o Steer Angle

C

- SMC Steering angle Vehicle steer sensor SMC absolute encoder

Absolute
encoder
Steering torque

@©

e

@©

©

S Tie-rod

o force

O

©

=
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TEST-BENCH VALIDATION
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Steering angle and torque
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SIMULATOR SESSION

Real time test benches

BrakeilL EPSIL

Camil SMC
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/

-

Steering angle/torque feedback

\

EPSIL

Steering wheel input

/

,I
V 4

@-GRADE
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&
V 4
Vd

/ Human driver \

ot

Motor
actuation

Motor
actuation

EM

Real-time

Steering angle/torquetarget

/

machine

o
-

Simulated wheel
speed signal

>

Brake pedal input \

Brakeil

Brake
fluid lines

Emulated wheel
speed signal

WSE signal
emulator

\_

Pressure feedback
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SIMULATOR SESSION

Driver in the loop simulator session
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R SEATR

A HAPTIC ENHANCED STEERING SIMULATION BASED ON MULTI-CONTACT TIRE MODEL AND MIXED HARDWARE-IN-THE-LOOP STEERING BENCH - ZERO PROTOTYPES SUMMIT - MAY 14™ -16™ UDINE



HBK & 2024
ZERO PROTOTYPES

MECCANICA42 SUMMIT
SIMULATOR SESSION

Maneuvers reproduction

Lateral Interaction Rear Tires

Steering Angle

e

Track test:

« Straight line
« Gentleman driving
* Pure-Interaction

Velocity [mis 2'I
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& & b M o N &2 o o

-10
-12
2 150 - - 5
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Tire model identification
Identification of the MF parameters based on the track data.

i
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SIMULATOR SESSION

Haptic feeling improvement — nominal load configuration
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Experimental Track Data
Single Point Contact Model
— Multi-Contact Model
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SIMULATOR SESSION

Haptic feeling improvement — nominal load configuration
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Haptic feeling improvement — nominal load configuration
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Haptic feeling improvement - ballast configuration
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Haptic feeling improvement — ESC activation
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Haptic feeling improvement — asphalt macro-asperities
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FURTHER DEVELOPMENTS

Swift-Evo model
New SWIFT-Evo tire model born to extend the range of frequency domain up to 1T00Hz.
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