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Vehicle performance analysis
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Real time physical thermal model
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‘ Future scenarios
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MAGIC FORMULA IDENTIFIER

Thanks to TRIP-ID (Tire-Road Interaction Parameters Identification) tool it has been possible to identify the
truck’s tire MF parameters.
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DIFFUSIVITY TEST
THERMO RACING TIRE LAB

Pyrometer Thermal Camera

For each mass of the layer of interest, the

density, the specific heat and thermal

conductivity as function of temperature are

evaluated by means of an iterative identification

procedure, according to the Fourier’s
| ' diffusivity’s law: .

Belt + Inner Tread Whole Section q=-kx*VT
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The Strain Energy Loss (SEL) is defined as the energy generated by the tire because of cyclic deformations and
is due to a super-position of several phenomena: intra-plies friction, friction inside singular plies, non-linear
viscoelastic behavior of all rubbery components, etc.
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FOOTPRINTS TEST

FOOTPRINTS PARAMETERIZATION

The contact patch is concerned with a simplified representation.The shape of the footprint changes with the inclination
angle value, it is a rectangle when the IA value is equal to 0 and it is a trapezoid if the IA value is different from 0.
The tire is discretized in a certain number of cells and the area maps show the contact patch distribution on each of that.
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thermoRIDE

RRlira - 1> 8 bar < 28.9 - 39.9966
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THERMORIDE
THERMAL MODEL DESCRIPTION

thermoRIDE thermodynamic model is based on
the use of the Fourier’s diffusivity equation
applied to a three dimensional domain.
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THERMORIDE
THERMAL MODEL DESCRIPTION

thermoRIDE thermodynamic model is based on ! SN TN
the use of the Fourier’s diffusivity equation >
applied to a three dimensional domain. \

VENTILATION
i EFFECT

CONVECTION
A

SLIDING ADHERENCE

The model considered takes into account of the tire’s
heat exchange with the external environment:

* Heat exchange with road

 Heat exchange with external air

* FP (Friction Power)

« SEL (Strain Energy Loss)

* Heat exchange with internal air
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APPLIED VEHICLE RESEARCH
THERMORIDE
THERMAL MODEL DESCRIPTION

The default tire discretization along the radial and
lateral directions is illustrated in the figures below.

RIB 2 RIB 1

5°layer
6°layer
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THERMORIDE
THERMAL MODEL DESCRIPTION
The default tire discretization along the radial and - TreadSurface: the most external part
lateral directions is illustrated in the figures below. of the tread
RIB 2 RIB 1 - TrfeadCoref strictly connected to tire
——— grip and stiffness
- TreadBase: its temperature is linked
// — \\ to tire stiffness
Z::z :: ] SURFACECERICTIOND
P i":::k@ - Belt: it gives a big contribution to the
SEL
‘/) - Plies: it is another important

contributor to SEL

- InnerLiner: it is the layer in contact
with the inner air
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THERMORIDE
TRACK THERMAL TESTS DESCRIPTION

To feed the thermal model, a specific track session with an instrumented truck has been carried out.

Test sessions have been carried out on an overloaded trailer and the instruments used are shown in the image
below:

@ Kistler Dyno-Hub on trailer’s right rear wheel

@ Kistler S-Motion
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THERMORIDE

TRACK THERMAL TESTS DESCRIPTION

To feed the thermal model, a specific track session with an instrumented truck has been carried out.

Test sessions have been carried out on an overloaded trailer and the instruments used are shown in the image
below:

@ Kistler Dyno-Hub on trailer’s right rear wheel
@ Kistler S-Motion

Tests carried out are listed below:

 Test1_80km/h
 Test2_90km/h
 Test3_100km/h
 Test4_110km/h

All tests have been performed according to the
following scheme:

« 75 minutes on Nardo Ring at constant speed
* 15 minutes dynamic square
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APPLIED VEHICLE RESEARCH
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Tire Performance
Objectivation

Diffusivity
Test

Tire Thermal and
Viscoelastic
Characterization

Footprints
Test

Forces Estimator

Lwdlrvzin
T

RRlira - 1> 8 bar < 28.9 - 39.9966

PROMETEON

MF Identifier

F, [

> @ TRIP-ID

PLOTG-F, REAR

. V- |
02 Sl b
w—) ;

= ‘
K

50 5 W
slip ratio [%]

PLOTF -F, FRONT

PLOTH-F REAR
"

F,

T T T
slip ratio [%]

-5 0 5 -5 o - 5
slip angle [deg] slip angle [deg]

MF-Evo

@ adheRIDE

PHYSICAL MODELS FOR TRUCK TIRE/ROAD CHARACTERIZATION AND THERMAL ANALYSIS - MegaRide & Prometeon activities @ Tire Technology Expo 2020




O APPLEIE'HIEILIJI!ISTI;m PROMETEON

MF-Evo

@ adheRIDE
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ADHERIDE

ADVANCED GRIP/STIFFNESS ANALYSIS

= an innovative Pacejka’s Magic Formula extending the
physical sensitivity of the tire model

= the MF-Evo formulation allows to feed the simulation loop

taking into account the temperature/inflation
pressure/friction phenomea

[ e m—— |
\J .
Working 4 N\
Simulation Tool Variables é:'t — pdy1\_>
1 (Fz, s, a, Y, —
$ — yan pdy2 [
Tem —=
p.erature and =31 Pky1 Bt
Inflation Pressure p— ME - E
@) thermoRIDE =[] oz | - EVO
Road — Formulation
—=| M Pky3
Roughness — —>
(@NECNE/M- Compound \
Viscoelasticity —=[__ Hy
\§ 77\ Y,
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' APPLIED VEHICLE RESEARCH

= an innovative Pacejka’s Magic Formula extending the

ADHERIDE

PROMETEON

ADVANCED GRIP/STIFFNESS ANALYSIS

physical sensitivity of the tire model

= the MF-Evo formulation allows to feed the simulation loop

taking into account the temperature/inflation
pressure/friction phenomea
| 7 T
% :
Working 4 N\
Simulation Tool Variables é_". — pdy1\_>
1 (Fz, s, a, Y, —
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WHAT’S NEXT...
FUTURE SCENARIOS

1 1

1 1

1 1 .

v Thermal Model v MF-Evo

@ thermoRIDE  CEEETEEEEEs adheRIDE

» development of a specific truck tire wear model

= MF-Evo formulation sensitive to wear
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WHAT’S NEXT...
FUTURE SCENARIOS

MF-Evo

1
I
I

v

Thermal Model

- ———

, = Specific snow track sessions for TRICKATRUCK tool
Q) wemoroe S and thermoRIDE validation

k3
|
-
[P

» development of a specific truck tire wear model

= MF-Evo formulation sensitive to wear
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