Presentation 3:

Cold Climate Testing: Why Arjeplog and
Colmis in northern Sweden become a hub for
the global automotive industry every winter
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Agenda

This is Colmis
Why Arjeplog
Why Colmis
Q&A Session



This is Colmis.
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Everything you need,
in one place.
S0 that you can
focus on the testing.









A customised
cold test solution.

Your success 1s our
success.
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Source: Independent Consultancy Audit
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How would you rate your overall satisfaction with your stay at
Colmis this season (comparing it to previous years, if applicable)?

Fantastic!

Really good!

Average
Disappointing

Terrible!

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Source: Customer Survey Season 2022/2023
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Maximum temperature to Minimum temperature (average)
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Global Winter Testing Hub: OEMs & suppliers

Area infrastructure: Network of public roads




Why Colmis?
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Colmis Vehicle development support

Engineers
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m? > 90 > 5 O land & lake-ice tracks

Workshops & Office space Hotel rooms
+ rental of private km of tracks

houses/apartments
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The Land Tracks

Some examples of many

Dynamic Area Circle Track

Hill Tracks 10-20%

B e

Forest Track
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The Lake Tracks

Maximum permissible
gross weight (also  [Maximum permissible
applies to vehide axle load (tons)
trailer) (tonnes)

Minimum distance to
another vehicle
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Cold
Chambers.
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An open proving ground.
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ADAS & Autonomous Driving

.More EVs (+ Hybrids) & Hydroge
TN ———————

Facing Climate Chan'



Stay updated.




Questions?
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= A warm welcome.
To a cold place.
For a safer road ahead.

COLMIS

per@colmis.com

benjamin@colmis.com
PHONE: +46(0)730789288

COLMIS




Presentation 4:
AstaZero tracks
Hakan Andersson, Astazero



Presentation 5:
Suspension design as part of complete vehicle
development
Yansong Huang, VCC and Chalmers



Presentation 6:

Tyre rolling resistance at various operational
conditions and limitations in current tyre
labelling
Jukka Hyttinen, Scania and KTH



Presentation 7:
Tyres and the purposes of models
Edo Drenth and Niklas Frojd, Volvo Trucks
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PURPOSE DRIVEN TYRE MODEL FIDELITY

Keeping the Connection

Volvo Autonomous Solutions
Volvo | Niklas Fréjd / Edo Drenth | Internal

2023-05-23
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Volvo Group

EMPLOY 100.000 PEOPLE,
PRODUCTION IN 18 COUNTRIES
SELLS ON 190 MARKETS.

Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External 2023-05-22 2



Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External
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Group Trucks Technology

2023-05-22
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FEM

Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External
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Semi-detailed 2-track (VTM)

Modelica

Single-track models for on-
line for control design

2023-05-22



PDM

Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External
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Model data

[ Cwim_development\VTM166\Parameter Template Files\Init3_Tractor3_Template.m -

20 %% Basics

21

22 % Short description, reference to spec

23 - vtm.dsc{l}='3-axle tractor with single front axle';
24

25 % Number of axles [-]

26 — vtm.na(1)=3;

27

28 % Vehicle type (rigid or tractor)

29 - vtm.type{l}='tractor';

30

31 % Number of front axles [-]

3z = vtm.nfa(1)=1;

33

34 % Type of axle l=driven O=nondriven

35 = vtm.axletype(l,l:vtm.na(l})=[0 1 1]:

36

a7 % Type of rear axle steering l=steered O=non steered
s - vtm.susprear_steertype (1,1: (vtm.na(l}-vim.nfa(l))}=[0 0]:
£

40 % Bxle positions r.t. first axle [m]

41 ~ v&m.11(1,1l:vtm.na(1))=[0 -3.4 -4.77];
42

43 % Coupling positions r.t. first axle [m]

a4 - vem.1e(1,1:2)=[0 -3.75];

45

46 % Coupling height r.t. ground [m]

47 - vEm.heo(1,1:2)=[0 1.13];

43 % Unladen tractor axle group loads [kg]

50 — vEm.fale=[5767.971;

51 vtm.rale=[4151.25];

52

53 %% Axles, wheels and tyres

54

55 % Bxle mass [kg]

56 - vtm.maxle(1,1:vtm.na(1))=[750 1300 1300];

57

58 % Track widch [m]

59 — vEm Wil 1:vem.naflii=r2_04 185 1851
<

Lln 1

Col

Executable model

2023-05-22
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Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External

Vv O L vV O

The suspension and steering

2023-05-22
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The truck frame

Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External 2023-05-22
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The swap-body superstructure

Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External 2023-05-22
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The tipper

Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External 2023-05-22 9
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Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External 2023-05-22 10
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Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External 2023-04-07 1
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1. Useful linear tyre model for single-track modeling

F,=C X

C, =K_XF,

Cornering stiffness
Lateral slip
Cornering coefficient
Vertical contact force

AR 20

Volvo Autonomous Solutions
V@ETT - Vehicle Models / Niklas Frajd | External 2023-04-07 12
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2. Useful non-linear tyre model for two-track modeling

u*sin(Catan(Kc/(uC)*slip) C=1.5 Kc=7.5

0.9 os | P
u=0.25 Z  1Zo
0.8 = _—
- — NS

0.7 / S

0.6
%0.5 // N F,=pXxF,Xsin (C X atan (ﬁ a))
L 0.4 E———— uc

0.3 //

0.2 /FR

fd 10 20 30 40 50 60

deg

Volvo Autonomous Solutions

V@ETT - Vehicle Models / Niklas Frajd | External 2023-04-07 13
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Vision
V.A.S. portable application software can be entirely

verified virtually
and solely validated in the vehicle

Component
HIL

Volvo Autonomous Solutions

CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal 2023-04-07 14
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Mission

/ ; : o Develop reusable and portable vehicle
Modelica simulation models for all stages of the virtual

Y 4 Language e C L
JHa9 verification of software applications

m' Functional
] Mock-up

Interface

Volvo Autonomous Solutions
CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal 2023-04-07 15
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Starting point
445/65 R22.5
Pacejka 2002 — combined slip

Extrapolated parameters from truck
tyre parameter sets

The TA15 will be on “rails”
100

a [deg]

Volvo Autonomous Solutions

CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal 2023-04-07 16



Measured and fitted

Truck tyre
Pacejka 2002 — combined slip

Qverfitted within available data”?

Volvo Autonomous Solutions
CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal

Fmag [KN]

- N
o

- O
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100
50

a [deg]

2023-04-07
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What do we have? yo s

* Basic notion of uniaxial slip characteristics

— Magic Formula F Y
*
* Similarity methods -0
- - = - »e
— Theoretical slips F ‘F - O;,

 Longitudinal slip stiffness

» Cornering stiffness

* Peak friction characteristics
— Declining with load

— Asymptotic?

wheel lock \“Z g™ (—o0)

Y-O. VS (=V)

X

* |dentical asymptote for friction?

Volvo Autonomous Solutions
CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal 2023-04-07
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Reverse Engineering

+ Use existing parameter sets (backward compatible)
* Remove all shift functions
— Symmetric tyre characteristics

« Utilise Magic Formula 2002 main parameter
interrelationships

- B,C,DandE !

— Forthcoming ISO standard S

+ Heavy commercial vehicles and buses - Vehicle dynamics simulation and
validation - Tyre model for lateral estimation of heavy vehicle combinations
operated at dry paved road surface

Volvo Autonomous Solutions
CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal

arctan(BCD)

2023-04-07

19



VAS22 tyre model features

* 21 parameters

« PACOZ backward compatible
— The remaining parameters have identical meaning
— Can read a full set of PACO2 parameters

— Will throw DTCs for non-plausible parameter values

* Robustness

Vv O L vV O

— All characteristics are asymptotically sound beyond validity range

Volvo Autonomous Solutions

CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal

0

non73

2023-04-07
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Results 25 _

445/65 R22.5 - 15 \
VAS22 — combined slip LLE 10
Minimum set of parameters 5
0 -
1

E\ 100
0 | /ﬁ
a [deg]

Volvo Autonomous Solutions
CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal 2023-04-07 1
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Results 25 _

385/55 R22.5 o 15 |
VAS22 — combined slip LE 10
Minimum set of parameters 5
0 -
1

E\ / 100
50

a [deg]

Volvo Autonomous Solutions
CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal 2023-04-07 20
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Tyre model fidelity

Perhaps vice versa

The tyre model at hand
represents
a possible outcome of a real tyre

Volvo Autonomous Solutions
CAZ7100 Vehicle | VAS22 - Robust Tyre Model / Edo Drenth | Internal 2023-05-22 23
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Presentation 8a:
Vehicle Engineering MSc programme,
Mikael Nybacka, KTH



Presentation 8b:
Mobility engineering MSc programme,
Dag Bergsjo, Chalmers



MOBILITY ENGINEERING

MCS, 120 CR, 2 YEARS

DEVELOP TOMORROW’S MOBILITY SYSTEMS!

Program integrating
aerospace, automotive

engineering, marine

technology and railway

technology Dag Bergsjo
dagb@chalmers.se
Program Director MPMOB
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Aim of MP

CHALMERS

Train students:

To develop safe, sustainable, high-performance mobility solutions.

To understand features, design requirements and challenges of the
present and future mobility solutions.

To gain a holistic knowledge of mobility solutions and the ability to
apply them for different transportation needs and environments.



MPMOB: programme in a nutshell

CHALMERS

*  Mechatronics for mobility
Propulsion for mobility
Connected fleets and automated data collection

+  Systems engineering

Broad knowledge on mobility

In-depth knowledge in one of these profiles

. Fluids
Structural
« Artificial intelligence

* Aerospace engineering

* Active and passive safety
Powertrain and propulsion systems
*  Vehicle engineering and aerodynamics

« Automotive engineering

] . +  Structures
« Marine technology and naval architecture - Fuid
+  Systems engineering

_ * Railway mechanics
« Railway technology *  Structural deterioration

*  Asset management



MPMOB: facilities for education

CHALMERS

\ '
1

Driving simulator Brake rig for rail
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Resource for vehicle reseach
(REVERE)

Maritime simulator Low-pressure compressor rig




MPMOB: study plan

Year 1 Year 2

LP2 LP3 LP4 LP2 LP3 LP4

Systems and Connected fleets in
data-driven

_
mechatronics for Elective / Elective / : ‘ Elective / Elective /
4 L] i i . . Compulsory elective Compulsory elective
(EEN130) engineering (MMS210

mobility engineering Compulsory elective Compulsory elective
Master thesis
Introduction to
Elective / Elective /
Compulsory elective Compulsory elective

propulsion and energy
systems for transport
(MMS195)

Elective / Elective / Elective /
Compulsory elective Compulsory elective Compulsory elective

« Compulsory courses for 52.5 ECTS
« Compulsory elective courses for 37.5 ECTS (to be chosen among 32 different courses)

« Elective courses for 30 ECTS (to be chosen from 12 different Master programmes)



MPMOB: project work

Project in aerospace (Aerospace engineering)
Automotive engineering project (Automotive engineering)
Marine design project (Marine technology)

Project in railway technology (Railway technology)

Chalmers formula students (Automotive engineering)



MPMOB: industrial connections

Dot
« Abetong - SAAB
* Autoliv « SSPA
* Alstom - Stena Line
- Consulting companies (Alten, Altran, AFRY, Atkins) < SJ
« China Euro Vehicle Technology (CEVT) «  SweMaint
« GKN Aerospace « Trafikverket
« Green Cargo « Volvo Group
« Heart Aerospace « Volvo Cars

 Lucchini « Wabtec



CHALMERS

Lunch Seminars (Fall 2023)

SAS & Heart aerospace (spring 2023)

Heart
Aerospace




MPMOB: research-based education

“HARMEC

Chalmers Railway Mechanics - a NUTEK/VINNOVA Competence Centre
Chalmers University of Technology

http://www.charmec.chalmers.se/

Swedish
Electromobility
Centre

https://emobilitycentre.se/

“LIGHTHOUSE

SWEDISH MARITIME COMPETENCE CENTRE

https://lighthouse.nu/

-,
CERC

Combustion Engine Research Center
https://www.chalmers.se/en/centres/cerc/Pa
ges/default.aspx

TechForH2 - Hydrogen Centre

https://www.chalmers.se/en/departments/m2/news/Paqg

es/TechForH2---for-a-sustainable-hydrogen-economy-
of-tomorrow.aspx

SAFER

VEHICLE AND TRAFFIC SAFETY CENTRE AT CHALMERS

https://www.saferresearch.com/




MPMOB: international opportunities

CHALMERS

« Double degree with University of Stuttgart (automotive

engineering)

* Nordic Master in Maritime engineering, within Nordic Five Tech

(marine technology)

« Erasmus exhanges (https://cth.moveon4.de/publisher/1/eng#)




MPMORB: job opportunities

« Design of parts and systems (e.g., yacht designer,
powertrain integration engineer)

« Simulation engineer (e.g., crash simulation
engineer, vehicle dynamics CAE engineer)

« Asset management (e.g., asset management
railway engineer, maintenance engineer)

« Technical sales engineer

* Project manager

« Research & development (e.g., railway technical
specialist, traffic safety research specialist)

« Academia (e.g., PhD student)

« Other (e.g., offshore engineer)

Giulio Bianchi Piccinini — Master Programme in Mobility Engineering (MPMOB) o EE R
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Poster 1:
Quantify and mimic the feedback through the
steering wheel at some driving conditions
Aron Dalemo, Polestar & Chalmers



Master Thesis Micro Presentation

Aron Dalemo

CHALMERS Polestar
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Background & Aim

Hydraulic Assisted Stcering Stecr-by-Wire Steering

Method

Collest Data - Analyse Data

— !

Evaluate Functions Establish Functions

)

Result

+ The general idea is to look at peaks
and their placements

* Largest challenge is to not catch the

same phenomena in other driving
situations

* Shows potential

CHALMERS

UNIVERSITY OF TECHNOLOGY

Polestar



Background & Aim

Hydraulic Assisted Steering Steer-by-Wire Steering




Method

Collect Data ‘ Analyse Data

— |

Evaluate Functions Establish Functions

)



Result

418
* The general idea is to look at peaks
and their placements 9175
* Largest challenge is to not catch the
same phenomena in other driving w
situations ”
g 4165
« Shows potential £
2 418
4155
415
41.45
83.4 83.6

83.8

84
Time, [s]

Filtered wheel posistion
® Peaks from road marking

84.2 84.4 84.6



Quantify and mimic the feedback through
the steering wheel during some driving condition

Aron Dalemo

CHALMERS Polestar



Model

Reference model

1

1 A 4

1

. | Dist Feedback | |
X Est. Functions

1

1

1

L

Over-/ Understeer
detection

Rutted road

Driving over crest

Main Feedback
- ‘ Function
Friction I
Estimator I
A -
a
P
B
- >
Reference
Model .

Road markings
detection

‘1
\J
+

Feedback Functions

Jaw rate, w, Bsr Sl T P e e e e S S S = el S S S S S 1
g » I
Wheel angle, &, L. - atan( V£ - w, ) Jo= lmcgiralor Lateral acceleration est o !
T » Sl l =—p, - =
Veh. speed, vy [ Vet w;rw;-0.5 s &y =~V + B/m 1
T— |
_________________________________________ -
CTTTTTT T VT pr— i
Veh. acc. v I
a. I Long. Force est. Tire modeling & ogaste Integrator
— poo TG el Py = f(a P o ) > =2'C(;Eld"d_lmn y = 1 :
| = ty = fla) yi y(Fyie = Fyie-1 3 I
: L 3 Lat. force est.| JI
'——————————————r
1 ‘ g,
1 Yaw estimator Integrator o
:_______________________I »Lb:Fyf'[[_Fyr'ir# & -
sl 1 N Iz s
1S 7 | | Damp. Force B Susssiision Exilib 1 Wy est
T | Fa=c-% v spen: quitb- !
1 1
1 A ! Steering Force est. F.
g s
1 : » tpi tm* Fyi + L+ Oy .
1 1 Fi= T codlE .
. : wos(6) &
! Spring Force f F
! Fosi = k- (20 — Zo1) . >
1 Normal force est. :
L o o o e e e e e s e g e et I
4000 ¢ -
— Measured
Estimated
3000 |
2000 ¢
1000 |
Z o
@
Q
=
£ 1000 |
-2000 |
1
-3000 | ‘r ]
-4000
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Different scenarios

Low friction

Estimate current friction based on self-aligning torque. Only gives reasonable values
when steady state. This could be due to longitudinal dynamics

4

Coefficient
"

L Ll

180 190 200 210 220 230 240 250 260 270 280
Time

Axle saturation

Adds torque to help the driver in scenarios with a saturated axle

0.8 ————
—— Measured
—— Optimal
06
0.4
T 0.2
o
<
= 0
o
=
@
>-02
0.4
0.6
08! | | | 1
100 200 300 400 500 600 700

Time, [s]

Dashed road markings

The general idea is to look at peaks and their placements.

The largest challenge is to not catch the same phenomena in other driving situations

Shows potential

418

Filtered wheel posistion
® Peaks from road marking

41.75

41.7

Height, [cm]
i
@
(1]

I

ury

=]
T

41.55

415

41.45 g ; 5 )
83.4 83.6 83.8 84 84.2 84.4 84.6

Time, [s]

Driving over crest while turning

Is incorporated in the reference model and main transfer function with height
Sensors

Rutted roads

The rutted part can be sensed in the tie rods and also in the height sensors.

Not possible to sense in time, more than one wheel has to pass and then it is too late




Poster 2:
Using torque vectoring to improve steering
predictability while minimizing energy use in
Heavy electric vehicles

Jonas Persson and Jonathan Akesson, Volvo
Trucks & Chalmers
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ON TORQUE VECTORING TO IMPROVE STEERING
PREDICTABILITY WHILE MINIMISING POWER LOSS IN

HEAVY ELECTRIC VEHICLES USING MODEL
PREDICTIVE CONTROL

vV O L vV O

Background

* Varying distribution of propulsion between e-axles il £ Al Miotor
will change the handling characteristics, which can St A

make the vehicle unpredictable to steer. Wiring
* Separate motors on left and right side allows for
micrgmanaging of lateral dynamics through torque
vectoring.
Steering Wheel Angle
3__ ——AWD
= - - -FWD
s RWD
—a— AWD, wet road
15 20 25 a0 35
Volvo Trucks Time [5]
Wasmer's Thesis | Jor v Frenas 1 andJanathan Skess 1 | SFalreers Ur bemity of "2 helagy SDE R S
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Our Solution

*  MPC based approach to generate a
global force request to the control
allocator
»  Control allecator distributing global l l l

Wehicle statu

force to actuator level

+ Interpretation of driver's input to Interpreter/
enerate references Pedals—» Reference FReference__| High-level Ll Conlr_o\ T
’ s a generator controller req | Allocation

Prediction™>

* Rate of change for steering wheal
angle and yaw rate

*  ‘Yaw rate controller based on bicycle
model

Volvo Trucks

Sapartreent anme Do nent name sseer 3 anasificatic SRR 05

vV O L vV O

Predictable steering behaviour with Torque Vectoring
Stetlering Wheel Al‘lgle

Only Power Loss
Steering wheel angle for emergency braking l—Equal Torque Split ]
during cornering. Yaw rate controller aids in lateral Yaw rate control
stability, resulting in: é | |
£
* less lateral sway, <
* shorter braking distance T | ’\",,’-— ]
* and a more manageable manceuvre for the <
driver.
0 10 . 20 30
Time [s]
Volvo Trucks
Tepartrenn e oo Tent nare? mRLar S ansificatic o




HEAVY ELECTRIC VEHICLES USING MODEL PREDICTIVE CONTROL

Jonas Persson and Jonathan Akesson

: &
AVARN ¢ I VI YARN 0 ) Department of Mechanics and Maritime Sciences
Chalmers University of Technology ﬁ!ﬁlﬁhﬂﬁﬁ?
Backq round | Steering %:rhccl Angle |

Cruise E-Axle Motor

@- Startability E-Axle Motor —

Wiring i:,h

'-.'-.:L.

* Varying distribution of propulsion between <
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Yaw rate for acceleration during cornering. At 10s, switch in power
distribution between e-axles introduce a yaw moment on the vehicle.

* Control allocator distributing global force to actuator level
« Interpretation of driver's input to generate references
* Rate of change for steering wheel angle and yaw rate
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ON TORQUE VECTORING TO IMPROVE STEERING PREDICTABILITY WHILE MINIMISING POWER LOSS IN
HEAVY ELECTRIC VEHICLES USING MODEL PREDICTIVE CONTROL

Jonas Persson and Jonathan Akesson
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Development of method for objective tuning of

semi active dampers on a four poster rig

Jesper Ramsberg
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Figure 1: On rig optimisation loop

Introduction

Active systems in passenger vehicles can improve comfort
without comprising as much in handling as could have been
traditionally required.

Semi active dampers, sometimes called CCD, can improve ride
quality and comfort while maintaining good handling
characteristics

CCD is often tuned by experienced vehicle dynamicists that can
subjectively interpret the vehicle behavior and understand the
measured data.

An objective method for CCD tuning could complement the
subjective tuning to achieve an overall better result.

A four poster rig is useful when repeatedly exciting a complete
vehicle.

Combining subjective judgement with objective measurement on

the rig can be a useful tool for creating damper settings

What has been done

Initially a primary ride metric suitable for CCD was found
Metric was validated on four poster rig in a blind study.

Experienced vehicle dynamicists took part in the study

Primary ride metric in min=0.2, max=[0 2]

o
&)

Cad
|

P
T

— &
n
I

RMS(body velocity )/ RMS(road velocity)
M
on

0 0.5 1 1.5 2
Max curve critical damping

Figure 2: Relation between critical damping and primary ride

An optimisation was setup with the new metric in combination

with and abruptness metric
Genetic algorithm was used in CAE

Patternsearch was used on the rig

A complete vehicle with CCD was setup in the optimisation loop
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Figure 3: Vehicle setup on rig for optimisation

The vehicle is excited continuously with a realistic recorded road

A computer was connected to the ECU controlling the CCD and

updating the controller according to the algorithm.

Results and further work

A good metric for primary ride control was found in
RMS(Vbody)
RMS(VRoad)

Metric has clear trend between control and the amount of

Primary ride control =

damping

A solid optimisation method on the rig updated the damper
parameters in an effective way.

A blind test done on track proved that the optimisation had
effect on the damper settings

The cost function must be tuned well to achieve desirable results
from the optimisation, a good balance between primary ride
control and abruptness. Or extended with more ride properties

to cover the broader spectrum of ride comfort

Master thesis at VEAS, Chalmers 2023
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Thesis topic and model overview

Aim:
Deliver a proven auto-generated vehicle
model, limited to longitudinal and lateral forces
inputs to solve the optimal force distribution
between available force actuators and predict
body dynamics.

Model characteristics:

Reconfigurable: The model is auto-generated
from the available variant codes for the
vehicles.

Prediction model: The model is valid and
estimates accurately the body dynamics in
longitudinal and lateral motion.

Dynamic model: Not limited to kinematic
approximations as it includes forces in input.
Controllable: Includes requested force from
the driver.

Test Procedure:

- Isolated longitudinal dynamics manoeuvre
- Isolated lateral dynamics manoeuvres

- Combined longitudinal and lateral dynamics
- Hill climbs

Software used:

Vehicle modelling based on Simulink with
MATLAB 2020b scripts.

24/05/2023 Guglielmo Nappi & Sanjay Banerjee

Truck Code
.
Vehicle Model
Tyre %odel
CG F%rces
.

Body dynamics

|

Vehicle states
prediction

Gathered info about configurations of the truck.

Vehicle model generation: CG position defined, axle
distance from CG, computation of inertia moments.

Computation of longitudinal and lateral tyre forces at
each tyre.

Computation of the corner forces and overall forces
at vehicle’s CG.

Computation of vehicle body dynamics in 4 DoF and
estimation of vehicle states.

Predict the vehicle states based on vehicle dynamics
output.




Test procedure and results
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Background and problems

slip variable Classic (Pacejka) force models

5, = W - R— vy » FE, =D -sin(C-tan"}(B- (1 —E)) s, + E -tan (B - 5,)))
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The LuGre friction model is implemented in a complete
3 longitudinal vehicle model to capture and compare the

acceleration behaviour of a real car braking manoeuvre.

v, = (wWR — v,)
/
=~y-H A

haer

N
Fe= ) u(u(0),N) - p(N) - A

i=1

With p(&) being the load distribution within the
contact patch.

The friction term u(v,(t), &) takes into account
the bristles deflection behaviour.




Vehicle model results
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For the classic model, the slip has been modified to run at zero speed. Sy
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