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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document describes a generic tyre model intended for lateral stability performance estimations of
commercial vehicle combinations operated at dry paved road surface.

Even though the recommended use is limited to moderate excitation levels, non-linear components of truck
tyres are included to not underestimate risk levels, especially when it comes to loads with high centres of
gravity. Hence the standard model calculates the lateral force from vertical force and slip angle input with a
non-linear formula.

The tyre model in this document is inspired by a trigonometric formula for calculating steady-state lateral
or longitudinal force under pure slip conditions, often referred to as the Magic Formula. This formula was
introducedby HBPacejkaandcotteaguesimrthe1986s:

The standard tyre model is however less complex compared to many tyre models based lon| the Magic
Formula, for example, by neglecting the influence of camber inclination, asymmetry, and| combined
longitudinal slip and sideslip. There are five characterizing parameters in the tyre model that describe the
steady statle properties of the tyre, and two parameters that describe its transient properties.

© IS0 2024 - All rights reserved
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ISO 8855, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary

[SO 15037-2, Road vehicles — Vehicle dynamics test methods — Part 2: General conditions for heavy vehicles

and buses

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 3833, ISO 8855, ISO 15037-2 and

the followi

ng apply.
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

tyre slip angle

a

angle from the X; axis to the normal projection of the tyre trajectory velocity vector on to the X;-Y plane

[SOURCE: ISO 8855:2011, 5.2.12, modified — The figure and Notes to entry have been removed and the
original term "slip angle" has been deleted.]

3.2
tyre normlal force
FZT . . . .

component of the total force exerted on the tyre by the road in the direction of the Z} axis

[SOURCE: ISO 8855:2011, 10.2.1, modified — This is used as a scalar in this document, not as a vefctor.]

3.3
tyre lateral force

Fyr
component of the tyre shear force vector in the direction of the Y7 axis
[SOURCE: ISO 8855:2011, 10.2.6, modified — This is used as a scalai®in this document, not as a velctor.]

3.4
nominal normal force

Fzro
nominal value of the tyre normal force (3.2) which isZassumed to be equal to the rated load pf the tyre

according to its load index for single wheel fitment

Note 1 to enftry: Single wheel fitment means that théreis one tyre per side of a truck axle. A common alternptive is dual
fitment whdre there are two tyres per side of an-axle.

3.5
tyre corn¢ring stiffness
C

nggative of the first derivative of'tyre lateral force (3.3) with respect to tyre slip angle (3.1)

[SOURCE: ISO 8855:2011, 10.3.15, modified — The variable has been added and the Note to entily has been
removed.]

3.6
nominal cprnering'stiffness
CO(O
tyre cornerjing-stiffness (3.5) at the nominal normal force (3.4)

3.7

tyre cornering coefficient

Cl’l

ratio between the tyre cornering stiffness (3.5) and the tyre normal force (3.2)

Note 1 to entry: The tyre cornering coefficient is expressed as:

C
Cn:_a
Fzp

© IS0 2024 - All rights reserved
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3.8

nominal cornering coefficient

CnO

ratio between the nominal cornering stiffness (3.6) and the nominal normal force (3.4)

Note 1 to entry: The nominal cornering coefficient is expressed as:

C

Cho= o0
Fzro

3.9
cornering coefficient gradient
Cn

g
rate of chapge of the tyre cornering coefficient (3.7) with respect to the tyre normal force (3.2) at the nominal
normal forge (3.4)
Note 1 to enftry: The relation is described in 4.1.
Note 2 to entry: The parameter typically has a negative value.
3.10
tyre peak|lateral friction
Hy
maximum value for the ratio between the tyre lateral force (3.3) and the tyre normal force (3.2)|for a given
tyre normdl force
3.11
nominal peak lateral friction
:uyO
tyre peak lateral friction (3.10) at the nominal normal force (3.4)
3.12
peak laterfal friction gradient
Hyg
rate of change of the peak lateral friction (3.10) with respect to the tyre normal force (3.2) at the nominal
normal forge (3.4)
Note 1 to entry: The relation is described-n4.1.

Note 2 to en
The negativ|

try: The peak lateral friction gradient is a fixed value in the tyre model and typically has a neg
e sign implies that the peak lateral friction decreases when the tyre vertical force increases.

3.13
shape fact
c

parameter

or

in the tyre'model which affects the shape of the force-slip curve of the tyre

3.14

rative value.

nominal peak position

@pg
tyre slip angle (3.1) at which the peak lateral friction occurs at nominal normal force (3.4)

3.15
tyre longitudinal velocity

%
XT
component of the tyre trajectory velocity in the X} direction

[SOURCE: ISO 8855:2011, 5.1.7]

© IS0 2024 - All rights reserved
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3.16
tyre lateral relaxation length
o
y
delay of tyre lateral force (3.3) with respect to the tyre slip angle (3.1) expressed in travelled distance
assuming a first order filter delay behaviour

Note 1 to entry: Given a step tyre slip angle input, the lateral relaxation length is the distance a tyre needs to travel for
the tyre lateral force to build up to 63,2 % of its final value.

Note 2 to entry: The lateral relaxation length can be transformed into first order filter time constant by dividing the
lateral relaxation length with tyre longitudinal velocity (3.15).

3.17
nominal l: taral ralavationlanath

IO T IO AT IO TCIT G O

o
yO0
tyre lateral relaxation length (3.16) at the nominal normal force (3.4)

3.18

lateral relpxation length gradient

o
vg

rate of change of the tyre lateral relaxation length (3.16) with respect to the tyne normal force (3.2) at the

nominal noymal force (3.4)

Note 1 to enftry: The relation is described in 4.2.

Note 2 to ehtry: The lateral relaxation length gradient is a constant inhetyre model and typically has a positive
value. The positive sign implies that the tyre lateral relaxation length inereases when the tyre vertical forde increases.

4 Tyre model formulae

4.1 Steady-state calculation

The steady|-state lateral force, Fyy g, is calculated from the tyre slip angle, a:

. Cy
Fyt ss F—Fz1 Hy sin| Catan o

Cuy

The tyre peak lateral friction, K@t given tyre normal force, F;, is calculated using the nominal peak
lateral fricfion, p,, and the peakiateral friction gradient, i, as:

Fzr —E7po
.uy = .uyO [1+ﬂyg FZTO

The tyre cqrneringcoefficient, C,, at a given tyre normal force, F;, is calculated using the nominal cornering

coefficient| C,,, and the cornering coefficient gradient, Cng, as:

The shape factor, C, can be obtained from the formula describing the relation between the tyre peak lateral
friction, Hyo» the peak position, ap(, and the tyre cornering coefficient, C,,, at nominal normal force:

C
Opo = Hyo tan .
Cho 2C

© IS0 2024 - All rights reserved
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However, the tyre lateral force will exhibit a peak only if C>1. Another requirement is that M < T , so that

n0

the peak occurs before a tyre slip angle of 90°. If C<1, the tyre force-slip curve will not have a peak; in that

case the sh

ape factor, C, can be obtained by fitting a curve to the tyre measurement data.

4.2 Transient properties

The tyre model transient properties are represented by the tyre lateral relaxation length which divided
with the tyre longitudinal velocity results in a time constant used in a first order low-pass filter applied to
state calculation above. Thus, the tyre lateral force can be calculated by the differential formula:

the steady

o
y
—F
VXT

where Fyp
dependent

O, =0

y

The nomin
relaxation
rollover sit]
a negligiblg

However, i
advantage
case the fo

Fyr =+

where the

o
% a
VXT

4.3 Stan
If tyre datd

tyre on dr)
tyre. The 1

In simulations, low pass filtering the tyre slip,angle rather than the tyre lateral foq
that the tyre lateral force directly becomeSzero when the tyre normal force vanishes. In that

Ha'=a

r +Fyr =Fyrss

is the first time-derivative of tyre lateral force, and the tyre lateral relaXation length
on the vertical load as:

0 [1+6yg ]

al lateral relaxation length value is approximately equal to\the radius of the tyre. The {
length calculated by this formula will not vanish when-tlie load approaches zero, e.g. i

Fzr —Fzro
Fzro

 effect since the tyre lateral force will be close to zero in such situations.

Fmula for the tyre lateral force can be written as:

)

relaxed tyre slip angle, o', issealculated from:

n

Cuy

Fzr ny sin[C atan[

dard values.of the model parameters

is linearly

yre lateral
h a close to

uation. This is due to the simplification in the load dependency description and is deemed to have

ce has the

is not available, the standard values in Table 1 can be used to represent a new (not wo
 asphalt. Tyre parameters are provided for three tyre dimensions, as well as for an
e been derived

measurem
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