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Foreword

ISO (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.
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Introduction

The dynamic behaviour of a road vehicle is a most important aspect of active vehicle safety. Any given
vehicle, together with its driver and the prevailing environment constitutes a closed-loop system which
is unique. The task of evaluating the dynamic behaviour is therefore very difficult, since the significant
interaction of these driver-vehicle road elements are each complex in themselves. A complete and
accurate description of the behaviour of the road vehicle inevitably involves information obtained from

a number of different tests.

Moreover, insufficient knowledge is available to correlate overall vehicle dynamic properties with

> b aararzamdtios A oo lboor oot o] oo oot of ool to oo Szt H fficiant oo d
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on the correlation between accident prevention and vehicle dynamic properties in general
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INTERNATIONAL STANDARD

ISO 22135:2023(E)

Road vehicles — Heavy commercial vehicles and buses —
Calculation method for steady-state rollover threshold

1

Scope

This document describes a method for calculating steady-state rollover threshold of heavy commercial
vehigtes—amd—buses, ot considering the effects of active Tomtrot Systems: T e catcutat
consjders the main factors that influence the rollover threshold, namely the height
gravity, the track, the tyre lateral stiffness, and all factors that affect the vehicle-roll” st
consjdered compliances (e.g. tyre deformation) have a considerable influence on the effectiy
consgquently on the steady-state rollover threshold.

NOTH As an alternative to the described calculation method standard, the steady-state rollo
can ble measured on a test track or with a tilt-table test as described in ISO 16333.

2

The

Normative references

following documents are referred to in the text in suclya*way that some or all of t

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced doctument (including any amendme

ISO §855, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary

Terms and definitions

For the purposes of this document, theterms and definitions given in in ISO 8855 and t
shallfapply.

ISO gnd [EC maintain terminology:databases for use in standardization at the following adc

3.1

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

[EC Electropedia: avaijlable at https://www.electropedia.org/

steadly-state rollover threshold

Ugre

maximum lateral acceleration that the vehicle can sustain in a steady state turn without ro

3.2

ion method
bf centre of
iffness. The
re track, and

yer threshold

heir content
applies. For
hts) applies.

he following

Iresses:

ling over

firstlift-off lateral acceleration

ayf

lateral acceleration, at which the first wheel lift-off occurs

3.3

total lift-off lateral acceleration

Ay

lgteral acceleration, at which theoretically all axles lift from the ground
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3.4

track

b

distance between the contact centres on a single wheel axle, measured parallel to the Y axis, with the
vehicle at rest on a horizontal surface

Note 1 to entry: For dual wheel axles, it is the distance between the points centrally located between the contact
centres of the inner and outer dual wheels.

3.5

equivalent track
b
treack (3.4) for a dual wheel axle

Note 1 to entfy: For single wheel axles, equivalent track is equal to the track.

3.6
kingpin representative track
by
representatjve track (3.4) for the kingpin of a semitrailer, used for calculationCef-vehicle effective track
(3.7)

3.7
vehicle effective track
b

a\v/erage of the axles’ equivalent tracks (3.5) normalized by the axle-normal forces (3.21)

3.8
tyre lateral stiffness
C
yt
first derivatiive of tyre lateral force with respect to tyre lateral deformation, calculated for all tyrgs on
each side offan axle

3.9
vehicle effective tyre lateral stiffness
C

51};‘1,11 of tyre |ateral stiffnesses (3.8) at-allaxles of the vehicle

3.10
tyre normal stiffness
o
first derivatiive of the tyfe-xiormal force with respect to the change in loaded radius, calculated fpr all
tyres on eadh side of anaxle

3.11
roll stiffnegs distribution
Dy

®
distribution of the vehicle roll stiffness (3.20) between the individual axles expressed as a percentage of
the vehicle roll stiffness

3.12

centre of gravity height

H

hé%ght of complete vehicle’s centre of gravity above the ground plane

3.13

roll centre height

H

hgi:ght of suspension roll centre above the ground plane

2 © IS0 2023 - All rights reserved
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sprung mass centre of gravity height

H

h(sari?ght of centre of gravity of the sprung mass of the vehicle above the ground plane

3.15
axle
K(pa

roll stiffness

rate of change of the restoring couple exerted by an axle on the sprung mass with respect to the angular

chan

3.16

ge about the X, axis of a line joining the contact centres of the axle

susdension roll stiffness

Keps
rate

the s

3.17
equi
Koe
rate

the angular change about the X}, axis of a line joining the contact ¢entres of the axle

3.18
king]
K
repr

(3.2

3.19
tyre
K&t
cont]
on tH

centy

3.20
vehi
1’('(pV

sum

3.21

axle
N

a

normal force exerted on an axle

bf change of the restoring couple exerted by an axle suspension on the sprungmass wit
uspension roll angle of the axle

valent suspension roll stiffness

bf change of the restoring couple exerted by an axle suspension on the sprung mass wit

pin representative roll stiffness

psentative roll stiffness for the kingpin of a semitrailer, used for calculation of vehicle

)

induced roll stiffness
ribution of tyre normal stiffness (3.10) to rate of change of the restoring couple exerte

e sprung mass with respect to the angular change about the X, axis of a line joining
es of the axle

cle roll stiffness

pf the individuallaxle roll stiffnesses (3.15)

normal for’ce

h respectto

h respect to

roll stiffness

d by an axle
the contact

3.22
king
Ny

pin normal force

normal force exerted on the kingpin

3.23

total normal force

Nt
sum

3.24
dual
Sa

of normal forces exerted on all axles

wheel spacing

distance between the contact centres of the inner and outer dual wheels

©ISO
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3.25
unsprung mass weight

w.

um
weight of the vehicle’s unsprung mass

4 Properties

4.1 Vehicle properties used for calculation

For the calculation of the steady-state rollover threshold, the following variables are utilized:

NOTE

b.., whe

eir
b;, wher
by;

by;

v

Cyti'

Cyv;

C

ztr

wh

why
Dkq)i' wi

Hch

H

rci’ wh

H

sm’

K(pei'

K(pk;

chsi’

chti’

wh

wh

wh

Qv
N

2 Whe

re i is the axle number;

e i is the axle number;

bre [ is the axle number;

bre i is the axle number;

jere i is the axle number;

ere i is the axle number;

ere i is the axle number;

ere [ is the axle numben

ere i is the axle number;

re i is the axle number;

For the vehicle dimensions see Figure 1.
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-
IUSH

Key
dentre of gravity of the sprung mass
dentre of gravity of the vehicle
quspension roll centre

4.2 | Required parameter accuracy

Figure 1 — Vehicle dimensions

The tequired accuracy for the parametersused in the calculation of the steady-state rollové¢r threshold,
are listed in Table 1.
Table 1 — Required parameter accuracy
Variable Required accuracy

Axle normalforce, N, 500N

Unsprpuiig’mass weight, W, 500N

Traek;sb 5 mm

Roll centre height, H,. 50 mm

Centre of gravity height, H,, 50 mm

Sprung mass centre of gravity height, H 50 mm

SubpcllbiUll IUH btifflleb, K(DS 10 nO

Tyre normal stiffness, per axle side, C,; 10 %

Tyre lateral stiffness, per axle side, CVt 10 %
NOTE If measurement data for estimating the value of C,, do not exist, a value of 600 kN/m can be used,

which represents a wide single tyre or dual tyres (lateral stiffness of 300 KN/m per tyre). Note that an infinite
value of Cyt results in an estimated value equal to ECE R111 calculation method, see Table A.1 for more examples.

5 Principle

Steady-state rollover threshold of a heavy commercial vehicle or bus is the maximum lateral acceleration
that the vehicle could sustain in steady-state turning without rolling over. This document provides an
analytical model for calculation of the steady-state rollover threshold, using suspension characteristics

© IS0 2023 - All rights reserved
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and tyre characteristics data. Linear parameters are used for suspension and tyre characteristics. The
method addresses the steady-state rollover threshold calculation of semitrailers and effects of kingpin
connection, by introducing a representative roll stiffness and a representative track for the kingpin.

NOTE 1

roll stiffness are not considered.

NOTE2 Ki

ngpin is part of the normal coupling arrangement between a tractor and a semitrailer.

6 Calculation method

6.1 Gene

In the folloy
variables to

6.2 Calcu

The equival
spacing, as §

be:\/ﬁ

ral

ying the method for calculation of steady-state rollover threshold, as well as the reqy
do so, are provided.

lation of vehicle effective track

ent track for an axle with dual wheels is calculated based on the\track and the dual ¥
riven in Formula (1):

+53

NOTE Far single wheel axles, the equivalent track is equal to thestrack.
By taking an average of the axles’ equivalent tracks, normalized by the axles’ normal forces, the vd
effective track can be calculated by Formula (2):
n
2 -_1(bei Nai )
b, = —
Ny
where the t¢tal normal force is sum of the individual axle normal forces, as given in Formula (3):
n
Nt = i=1 Nai

In case of s{
representat

b, ==

mitrailers, the kKingpin normal force should be included in the calculations, and a kir
ve track should be introduced, as given in Formula (4):

n

b
=1

n

el

Nonlinear effects of suspension, such as backlash and bump stop, and their influence on suspension

hired

Uheel

M

hicle

(2)

(3)

gpin

(4)

Consequent

Formula (6),

Nt =Nk

£l oial 1_£ Jd 1 lLial ££ 43 rs ] HAmN
y, LIICT tUuldl 11Ul 111Iadl TUITCU 4dllu U1IIT VUITIUIU TIHITULIVO LI dCiN VWIIT U

respectively:

n
+ 2 i=1 Nai

A%

n
b = kak + zizl(beiNai)
- N

t
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6.3 Calculation of vehicle roll stiffness

The equivalent suspension roll stiffness with respect to ground plane, can be calculated from
suspension roll stiffness, using suspension roll centre height and sprung mass centre of gravity height,

as given in Formula (7):

2
H
K .=K .|—Sm 7
oei @si [Hsm _Hrci ] (7)
The tyre-induced roll stiffness is calculated from the tyre normal stiffness by Formula (8):
Cprib%
Kou =" (8)

Addipg up the two above terms, the axle roll stiffness can be calculated by Formnla)(9):
Ko K

[ o pei ™ oti 9)
vai = K(pei +Kq)ti
Consequently, the vehicle roll stiffness will be given by Formula (10):
Kov =2 Koai (10)

In case of semitrailers, a kingpin representative roll stifthess should be introduced, using|the kingpin
normal force, as given in Formula (11):

Ko =4Ny (11
Consequently, the vehicle roll stiffness will be given by Formula (12):

| n
Koy =Koi + 2,-= Koai (12)

6.4 | Calculation of vehicle effective tyre lateral stiffness

The Vehicle effective tyre lateral stiffness is calculated by adding up the tyre lateral stiffhesses at all
axleg of the vehicle, as“in Formula (13):

i n
( ytv = 2 =\ Cyti (13)

6.5 | €alculation of steady-state rollover threshold

The wheel lift-off at each axle happens when the overturning moment, M,, becomes as large as the
restoring moment, M. These moments can be calculated as given by Formula (14) and Formula (15),

where Dy, is the roll stiffness distribution between the axles and W,,,, is the unsprung mass weight.

b. a,N,;
M. =N, [—e’ -3 ] (14)
2 Cop
yti

©1S0 2023 - All rights reserved 7
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2
(Dk(pi (Nt _Wum)Hsm)
K(pai _Dk(piNtHsm

M

o =dy Dk(piNtHcg+ (15)

The first lift-off lateral acceleration, at which the first axle lifts from the ground, can be calculated by

Formula (16):
b..

el
— 2 (16)
. 4_(Dl«pi(Nt _Wum)Hsm)Z N N:fi )
e K(pai_Dk(piNtHsm Cyti

Ayf = miin

The total lif{-off lateral acceleration is given by Formula (17):

b
Mo
ayt = n 2 (17)
2 N )
N ((Nt _Wum)Hsm) +(2i=1 al
tiic
& K(pv_NtHsm Cytv

Linear interpolation between the first lift-off lateral acceleration and¢he‘total lift-off lateral accelerption
gives the stgady-state rollover threshold as given by Formula (18):

R _(ayt —Qyf )i (18)

8 © IS0 2023 - All rights reserved
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