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Efficient parameterization of a usirendly tire model

11l ntroduction

Early simulation is indispensable to saasts and shorten development times in the
automotive industry. The tire as a highly complex component with many variants and
designs not only determines the driving dynamics, but also influences vibration b
havior and comfort and is ultimately responsifie safe driving behavior. Tireeh
havior is influenced by its states and properties, which may change over time: Ther
fore, it is a major challenge, even impossible, to provide a generic simulation model
for all applicationsln this contributionwe showhow the unique nature dfie FTire
canbe used to fit the less soptisted but faster and easy to use tire model TMeasy
along withcomparison otomponent and full vehicle simulatioasults.In this can-

text a model extension to take varying inflatioegsure into account is presented.

2 Ti medel s

Vehicle simulation requires precise tire models. Results are always as accurate as the
data fed to the modelf theory, nathematical blackox models can be paramete

ized perfectlywith unlimited measurenmés. However, the effort involved in thep
rameterization must be reasonable and the models should be able to extrapolate even
nonmeasured operating points or plausibly reproduce parameter depend@scies.
physicallybased tire model, FTire is able tergerate additional insights and info
mation[9], which less complex tire models like TMeagnattemptto represent

2.1 FTire i the supervisor

FTire (Flexible Structure Tire Model) is a full 3D nonlineaspilane and oubf-plane

tire simulation modebith sophisticated 2D and 3D rigid and flexible road surfaze d
scription models. lexplains most of the complex tire phenomena on a mechanical,
thermodynamical, and tribological basiad serves as a sophisticated tire foree el
ment A detailed thermal mael is also provided optionall§Tire is used for vehicle
ride and durability investigations, bigh frequencyehicle dynamics simulations on
even or unevesurfacesThe tire belt is represented by a slim ring, that can be di
placed and bent in arbimadirections relative to the rim: vertically, longitudinally,
and laterally.
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Figurel: FTire used for ride comfort analysis in DYNA4 [5]

2.2 TMeasyi the learner

TMeasy represents a handling tire modiek atauys éased on a senphysical

model. It includes a massless force element acting between the road and the wheel.
The unevenness of roads is approximated by small local planes in the contact region
of the tire.Based on a generalized force computation as depictégure 2, TMeasy
generates all components of the contact force vector@mdat torque vector inafls

ing first order tire dynamics. The wheel modeled by a rigid body must incorporate
mass and inertia properties of the rim and the tire. TMeasy ikblais part ofhe

vehicle simulationframeworkDYNA4 by TESIS GmbH [1] and is very successful

used in handling applicatioiisoffline and in realtime.

TMeasy consistsof a manageablaumberof physicaly basedparameters. Théig
advantage, especially isituations of limited data availability, comes with é&sy to
estimateparameterseven with a crude knowledge of size, payload as well as friction
property of the tireoad combination a first guess gives feasible resgtd enough

for simulationof extraordinary tires,7. Of course, the parameters can be adjusted by
curve fits to meet given tire measurements or vehicle dynamic results morelprecise
[3] and [4] Another advantage lies in the ease with which tire properties can be scaled
to repesent different road and tire conditiomMéevertheless, this model is currently
not capable of depicting any influence of thveriant tire properties like temperature

or inflation pressure
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Figure2: Combined tire forcem TMeasy

I nfluaenowarigffifi@ti on pressur e

Typically, the first step of research is the observatiothefsystem behaviouin this
contribution the same tire as used H s examined wherethe impact of inflation
pressureon static and dgamicvertical tire propertiesvasconsideredo improvethe
performance of a suspensioontroller modelln generablausibility of simulation e-
sults can beverified by deploying the brush modal weltkknown approach to model
tire forces, [6], [7] and8]. As far as possible, all signals are named and defined a
cording to the TYDEX standard [11All test cases are conducted on a virtual tire test
rig being part of the simulation framework DYN/#hd are further used for parameter
fitting purposes in chapter. 4

3.1 Static tire stiffness

To determindhe staticite stiffness in longitudinal and lateral direction as well as the
torsional stiffness in purbore motion, the itre is deflected in a viation of constant
wheel load bytranslationalor rotational displacement of the ground in the eorr
sportding spatial directions. Figure 3 shows in the fieiv the resulting force and
torque curvess dependency dhe corresponding degree of freedarolimnwise)

for a certain wheel load and varyiniget inflation pressure. With increasing quasi
static deflection (LONGDISP, LATDISP, STEEANGLthe longitudinal and lateral
force (FX, FYW)andthe boretorque (MZW) increases quasnearly with adhering
prdfile particles until a continuous transition into a sliding movement and thus co
stant force or torque occurs. The secoow of figure 3 shows the change in the-d
termined stiffnesss(gradient of dotted lines in first rov@gainstheinflation pressure
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Figure3: Longitudinal, lateral and torsional tire stiffngsslumnwise)

variation. A degressive behaviour of the longitudinal and lateral stiffness cédm be o
served, whereas the torsional stiffness tends to decrease with incrrassige.
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Figure4: Vertical tire stiffness for different inflation pressures

By a quasistatic vertical compression of the tire, the correspondingn&$ can be
determinedThe tire behaves analogously to a gas pressure spring. The use df a qua
ratic polynomial as a regression function of the wheel load (FZW) over the spring d
flection (TYREDEFW) is very well suited, as can be seen from the lineanizafithe
gradient (figured center). The rate of change of the vertical stiffness over thecdefle
tion shows a linear behavior with respect to the inflation pressure (figught).
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3.2 Quaskstatic tire characteristics

In the following, the quasstatic tire characteristics and their behavior at differant i
flation pressures will be examined. A potential influence due to heating has éeen d
activated in the FTire reference model and is therefore not considered.

3.2.1 Longitudinal force

A slow change ovetime of the wheel speed leads for a certain wheel load aye var
ing inflation pressure to the characteristic course of the longitudinal force (FX) shown
in figure 5 (left) as a function of the longitudinal slip (LONGE?). An approximag-

ly linear decreasi longitudinal slip stiffness (LFLSGRFX) can be detected with i
creasingnflation pressure. Conversely, this behavior sets in for the amount df long
tudinal slip at maximum longitudinal forcéidure 5, bottom right). In contrast, the
friction potential( LGFCCOEF) moves almost constantly in a narrow rafigere 5,

right center). The level of maximum force remains almost unchanged at constant
wheel load. Overall, thus, the acceleration potential of a vehicle is reduced im-the lo
gitudinal direction withhigherinflation pressure or such a tire tends to slower beha
ior while reducing rolling resistancesspectively
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Figure5: Static longitudinal force for different inflation pressueesl wheel loads

3.2.2 Lateral force and selfaligning torque

A freerolling wheel is slowly steered from left to right under a certain wheel load and
thus leads to the characteristic curve of the lateral force (FYW)fasction of the
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slip angle (SLPANGL) shown infigure 6. In contrasbotthe longitudinal force beka
iour, corneringstiffness shows an increasingly degressive behaviour vimflagon
pressuref{gure 6 top right). The frictiopotential (LTFCCOEF) is, analogous to the
specific lateral force maximum, slightly and approximately linearly increasigaré

6 right cener), whereas the required slip angle across all wheel loadsnélation
pressures strives towards a similar eafigure 6 bottom right).
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Figure6: Static lateral force for different inflation pressueesl wheel loads

In addition, the behavior of theelfaligning torque is obtained from the same test
case as shown ifigure 7 (left).Due to the decreasing gradient around the zerd pos
tion (ALIGNSMZ), the buildup of theself-aligning torque is slower and withed
creasing amplitude despite increasgayneringstiffness figure 7 right centg. The
maximum is reached almost unchangeé &imilarside slipangle {igure 7 bottom
right) and before the lateral force maximum.

3.3 Dynamic tire characteristics

In the last test sequence, the dynamic behavior under different pressure conditions is
examined in more detail, with the focus beingageld at this point on tH®oretorque
(frequency range) and the lateral force buiflundeistepexcitation (time rage).
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Figure7: Static selfalignment torque for different inflation pressusesl wheel loads

3.3.1 Boretorque

A steering movement in the form of a sinus sweep is perfotmddtermine the &-
quency responsehenthe tire and the varying wheel load asttic covering the
range relevant for driving dynamics up to 3 Hpproximating the effect by a first
order dynamic behavior, an increasing inflation pressure leads to higher cemer fr
quency pi “Yand thus to a system consisting of faster bore torque dynamics with
tightened hysteresis effects.

3.32 Step response behavior

A freely rolling tire issubjected to an abrupt steering excitation and the resulting la
eral force is assessed in terms of its time behavior. The overshoot ratio of tHe latera
force, which increases approximately linearly above the inflation pressure, is shown in
figure 9 (top rght) as an objective quantity for characterizing the step response. Typ
cally, less complex models such as TMeasy react withdidgr dynamics and thus

are not capable of depicting such oscillations. In this context, the response gime (fi
ure 9 bottomight; here, for example, the time to reach the maximum) is of greater
importance. Here are, amongst others, the cornering stiffness as well as the lateral
stiffness decisive factors, which lead to a reduced reaction time due to their mutual i
crease withnicreasing inflation pressure. Furthermore, a tire with higher inflation
pressure provides a more direct steering feel with its faster system dynamics in terms
of lateral dynamic handling.



Efficient parameterization of a us&iendly tire model

Figure8: Frequency behaviour of borertue for different inflation pressures and wheel lo:

Figure9: Step response of lateral force for different inflation pressamdsvheel loads

4 TMeasy model extensi on

Based on the tire behavior under variaipiftation pressure, whiclwvas analyzed in
chapter 3, an empirical approach to the extension of the tire model TMeasy will be
presentedn the following The modelparameter fitting procesand itsmeasurement



