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e

ADVANTAGES OF A THERMOMECHANICAL
TIRE MODEL FOR VEHICLE DYNAMICS

The TameTire model developed by Michelin represents a breakthrough in vehicle dynamics simulation.
The module by IPG has been integrated into its CarMaker simulation platform and extended by new
functions. Even at a very early development stage, the tire can be incorporated into the parameter space
of the vehicle-tire interaction, both for achieving targets and for tolerance studies.
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MOTIVATION

The ability to mathematically predict tire
behavior that is relevant to various dri-
ving conditions is an important tool for
improving existing tire makes and models
in terms of their handling and driving
dynamics properties. Numerous test
results prove, how much the characteristic
data of tire force and moment depend on
the test conditions under which they
occur. The current state of technology in
tire modeling has been based on mathe-
matical models which are adapted to
indoor test rig measurements and thus
offer only limited application potential.
The new mechanical and thermal tire
model TameTire calculates the develop-
ment of longitudinal and lateral forces as
well as the self-aligning torque for a given
combination of tire slip angle and slip at
different tire pressures, camber angles,
wheel loads and speeds as well as different
track and ambient temperatures [1, 2].

LIMITATIONS OF PREVIOUS MODELS

Conventionl mathematical models like MF
(Magic Formula) version 5.2, also known
as “Pacejka,” are widely used in the area
of vehicle dynamics simulation and are
currently considered “state-of-the-art”.
The tires are measured on tire test rigs
using standardized measuring procedures
(for example “Time”). The mathematical
tire model is then parameterized accor-
dingly. Consequently, the characteristics
measured this way, basically apply only to
the test conditions. The tire forces and
moments outside the measurement range
can only be extrapolated as approxima-
tions [3], without considering thermal
effects. Tire properties, however, heavily
depend on temperature. Exemplary
measurements show that the lateral force
drops by 13 % and slip stiffness even by
32 % in a sine (seven periods). Conse-
quently, the simulation results are not
always consistent with those of physical
track tests.

Furthermore, mathematical models do
not represent the influence of speed, alt-
hough the loss and shear modulus of the
rubber compound heavily depend on the
load frequency and thus on speed. The
tire’s grip decreases with increasing speed
[4]. In addition, the transfer behavior is
limited, which leads to inaccurate predic-

tions of transient driving conditions (for
example steering input, ABS/ESP bra-
king). Last but not least, the models over-
load the user with abstract parameters
which are difficult to link with physical
properties. This, for example, is necessary
when investigating target functions for
tire-vehicle interaction.

PRINCIPLE AND THEORY
OF TAMETIRE

Essentially, the new software is based on
three different models [5]. The mechani-
cal model (1) is based on the “brush ele-
ment”-approach, in which the total force
is assumed as the sum of the shear forces
of the tread elements in the adhesion and
sliding areas of the contact patch. The
new software also considers the deforma-
tion of the tire structure while cornering,
i.e. the torsion of the tire casing (side-
walls) by the self-aligning torque as well
as belt bending due to the lateral force.
Also included are the properties of the
rubber compounds such as shear modu-
lus and friction models (2) which directly
influence the stiffness of the tread. The
friction model considers the rubber pro-
perties for calculating the friction coeffici-
ent (relative slip between the tire and
track surface), for example. The thermal
model (3) calculates the contact tempera-
ture as well as the surface and inside tem-
peratures of the tread, considering the
convection to the air, thermal conduction
to the track, frictional heat as well as the
viscous heat generated in the tread.

ADDITIONAL 1/0 SIGNALS OF
THE TAMETIRE MODEL

MF-Tire uses slip ratio, slip angle, camber
angle and wheel load as input signals and
delivers the respective circumferential and
lateral force, self-aligning and roll
resistance torque, camber torque and the
effective rolling radius as outputs. The
new software complements these inputs
by vehicle speed, ambient and track/road
temperature, initial temperature, inflation
pressure and time. Additional outputs are
surface, tread and belt temperatures as
well as the loaded radius. Various calcula-
tion options offer the possibility of adap-
ting the performance accuracy ratio for
uses ranging from detailed all the way to
real-time-capable application.



INTEGRATION OF TAMETIRE
INTO CARMAKER

The new software has been integrated
into the CarMaker vehicle dynamics
simulation by IPG in order to model the
interaction of the vehicle-tire system and
to realistically simulate the complex con-
trol loop of driver, vehicle and road. This
creates additional functions and applica-
tions. CarMaker’s tire standstill model,
for instance, extends the working range.
The GUI-based test automation enables
extensive track test catalogues to be run
and offers tools for parameter studies.
Inflation pressure tolerances and tread
stiffness values in combination with
vehicle parameters can be automatically
investigated overnight. With CarMaker,
the virtual driver (IPG Driver) for realis-
tic simulations of complex closed-loop
maneuvers is able to systematically
modify and manipulate tire inflation
pressures or temperatures during the test
run. Directly from the cockpit, systematic
adjustments of operating parameters or a
defined pressure loss to test tire pressure
monitoring systems, are implemented in
the test run. A status observer can query
all TameTire parameters with millise-
cond-accuracy to ensure event-based tes-
ting. The loss power model from CarMa-
ker delivers the corresponding perfor-
mance summary based on rolling
resistance, lateral and longitudinal slip,
self-alignment and deformation of the
tire for the purpose of performing fuel
consumption analyses.

VIRTUAL TRACK TEST

To evaluate the capabilities of the new
model in comparison to MF-Tire 5.2,
extensive drive tests were conducted
using a sports car (rear-mounted engine,
rear-wheel drive) fitted with Michelin
PilotSport 235/35ZR19 tires for the front
axle and Michelin PilotSport 295/30ZR19
for the rear. The open-loop maneuvers
included steady-state circular driving,
sine sweep/step steer, ABS braking
(HIL), power off (ISO 9816) and brake in
turn (ISO 7975). The closed-loop tests
encompassed lane change (ISO 3888),
slalom (18 m/36 m) and the Hockenheim
handling course. To improve the compa-
rison with physical track testing, various
tire warm-up procedures were
investigated:
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@ Vehicle self-steer effects and tire temperature evolution during steady-state circular test with a radius of 100 m

. Michelin procedure: two laps (14 km)
and high-speed course at 120 km/h
. Daimler procedure: 400 s at 200 km/h,

straight on [3]

. ECE 13H procure on ESC regulation:
two left- and two right-hand turns with

a radius of 15 m and a lateral acclera-

tion of 6 m/s2, followed by four sine

sweeps.
This leads to varying, partially non-sym-
metrical tire temperatures, @. For this
study, the ECE 13H warm-up procedure
was selected. The individual results and
findings are presented in greater detail
below.

@ shows the significant influence of
temperature on the vehicle’s self-steer
effect, the non-symmetric change of the
surface temperature as well as the energy
dissipation (loss power) of all four tires
which leads to varying tire behavior -
compared to the properties of MF-Tire

which remain unchanged. The following

parameters are brought to bear when it

comes to sine sweeps for transient vehicle

behavior:

. vehicle speed: 100 km/h

. linear increase of steering frequency
from 0.2 to 4 Hz

. steering wheel amplitude corresponded

to the steering wheel angle, achieving a

steady-state lateral acceleration of

4m/s%.
Again, the temperature-dependent beha-
vior, particularly at high steering frequen-
cies, is evident, @. The behavior of the
warm TameTire differs from MF-Tire
above 1.5 Hz and exhibits a clearly diffe-
rent behavior when the tire is cold.

The ISO lane change test was run in two
variants: 1) At a speed of 144 km/h and
ten consecutive lane changes on a straight.
2) At incremental speeds from 120 km/h
up to the limit, as in a real-world track test.
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© Vehicle yaw and lateral acceleration gain generated with the sine sweep test

After each single test, the driver drove
back to the initial position to start the next
test in a flying mode. In both variants a
clear change of tire temperatures as well as
the influence of slip stiffness on the front
and rear axles can be noted.

Unlike TameTire, MF-Tire always results
in the same tire behavior. The model com-
parison of the side slip angle of the rear
axle at 120 and 146 km/h, @, which can
be attributed to temperature and speed
effects, is remarkable. At 120 km/h it is
significantly higher with MF-Tire and at
146 km/h clearly lower. At a constant side
slip angle, MF-Tire delivers constant late-
ral force across the entire time. The
measurements show, however, that the
lateral force decreases after a maximum at
constant side slip angle. This effect is
modeled by the new software equally well
as the influence of vehicle speed on grip.

HOCKENHEIM HANDLING COURSE

Some automobile manufacturers use the
lap time on the Hockenheim handling
course as an evaluation criterion. The first
lap was used as the warm-up lap. While
MF-Tire exhibited consistent lap times, lap
time with TameTire changed by 0.87 s after
just a few laps. In addition to the notable
increase of tire temperature, the tempera-
ture spread, the median energy dissipation
(loss power) and thus the grip for all tires
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exhibited clearly different values, @. The
influenced vehicle behavior with clear
oversteer tendency is documented in the
lap curve by a 65 % increase of the side
slip angle on the rear axle as well as by a
15 % reduction of the steering angle, ®.

PHYSICAL PARAMETERS

Another advantage of the new model is
the use of physical parameters, which are
easy for the user to understand, instead of
abstract mathematical parameters. This
integrates the tire into the parameter
space as a tuning and tolerance element
in order to investigate the vehicle-tire
interaction with respect to a target func-
tion. Contrary to this approach, mathema-
tical models merely “look at” tires as a
“black box,” which precludes any varia-
tions of parameters.
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&
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&

d *f gMrs2
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Vehicle distance [m]

The scalable TameTire parameters on
the other hand offer these possibilities:

. tread properties: tread depth, shear
stiffness in X- and Y-axial direction,
friction coefficient

. belt compliance

. torsional stiffness of the tire casing
(carcass)
stiffness in X-, Y- and Z-axial direction
(they influence transient behavior (X, Y))
and the static tire radius (Z)

. tire inflation pressure (may be varied as
a parameter as well as an input signal).
The publication [5] very clearly shows the

influence of the parameters on the tire

properties. To show this influence in an
exemplary manner, the sine sweep test
was repeated using different parameters.

The green curve in @ corresponds to the

reference tires; the brown curve shows

the modified tire. The test aimed to achie-
ver a higher degree of yaw speed gain and
to retain the gain level at high frequen-
cies. This was achieved by making the fol-
lowing modifications:

. front axle: belt compliance -10 %,
torsional stiffness -20 %

. rear axle: tread depth +10 %, torsional
stiffness +20 %.

As expected, a significant influence of rear

axle stability was also observed in the ISO

lane change.

SUMMARY AND OUTLOOK

The TameTire tire model, integrated into
the simulation platform CarMaker by IPG,
increases the accuracy and quality of
vehicle dynamics simulation - both in
steady-state and transient modes. It cre-
ates the prerequisites for realistic recons-
truction of a wider range of track tests
and test conditions, thus opening up new
diverse application options. Even at a very
early development stage, the tire can be
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(4] Comparison of rear axle sideslip behavior during ISO lane change for MF-Tire vs. TameTire
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incorporated into the parameter space of
the vehicle-tire interaction, both for achie-
ving targets and for tolerance studies. In
addition, TameTire is suitable for test tire
pressure monitoring systems.

The study described here was subse-
quently continued with ABS/ESP on a
hardware-in-the-loop (HIL) test rig to
investigate further transient effects. The
new software has recently been made
available worldwide by IPG as a fully inte-
grated model in CarMaker and as a stand-
alone model. Michelin and IPG are deve-
loping additional functions and possible
uses in close collaboration.
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