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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.

The proce
described
different t}

lures used to develop this document and those intended for its further maintenanee
n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
rpes of ISO document should be noted. This document was drafted in accordance ‘with

editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws

attention to the possibility that the implementation of this document may\involve the

are
the
the

use

of (a) patemt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rig}
notice of (3
cautioned

ts in respect thereof. As of the date of publication of this document, ISO had not recei
) patent(s) which may be required to implement this document. However, implementers
fhat this may not represent the latest information, which may be‘obtained from the pa

database
such pate

Any trade
constitute

For an ex]
expression
the World
WWW.iS0.0

o

ailable at www.iso.org/patents. ISO shall not be held responsible for identifying any o
rights.

hame used in this document is information given for the‘convenience of users and does
hn endorsement.

planation of the voluntary nature of standard$,*the meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles incthe Technical Barriers to Trade (TBT),
g /iso/foreword.html.

This docu
Vehicle dyn

This third
revised.

The main d
correc
remov

correc

hent was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC
(amics, chassis components and driving automation systems testing.

bdition cancels and replaces the second edition (ISO 13674:2010), which has been technid

hanges are as follows:

refereces have been upddted to ISO 15037-1:2019 and deleted reference to ISO/TS 20119:2002;

ted the key forthe abscissa and ordinate dead band in Figure 1;
bd calculated lateral acceleration to calculate lateral acceleration metrics;

tedincomplete steering hysteresis calculation.

ved
are
fent
- all

not

and
to
see

33,

ally

»

Alist of all

partsin the 15U 156/4 series can be round on the 15U website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The main purpose of this document is to provide repeatable and discriminatory test results.

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

Singe this test method quantifies only one small part of the complete vehicle handling chatpcteristics,
the|results of these tests can only be considered significant for a correspondingly small part of the
overall dynamic behaviour.

Mofeover, insufficient knowledge is available concerning the relationship between ovefall vehicle
dyrfamic properties and accident avoidance. A substantial amount of work'is necessary|to acquire
sufficient and reliable data on the correlation between accident avoidance and vehicle dynamic
properties in general and the results of these tests in particular. Consequeritly, for any applicqtion of this
testi method for regulation purposes, proven correlation between test results and accident $tatistics is
important.

© IS0 2023 - All rights reserved v
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Scope

5 document specifies a test schedule that addresses a particular aspect of the on-centy
Facteristics of a vehicle: the weave test. It is applicable to passenger cars in accorg
3833, and to light trucks.

E The manoeuvre specified in this test method is not representativé of real driving cond

ul for obtaining measures of vehicle on-centre handling behaviour in response to a specific typ¢
t under closely controlled test conditions. Other aspects of on-centre handling are addre

Normative references

following documents are referred to in the textgin such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referénced document (including any amendmen

1176, Road vehicles — Masses — Vocabulary and codes

2416, Passenger cars — Mass distribution

3833, Road vehicles — Types — Terms and definitions

8855, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary

15037-1:2019, Roadvehicles — Vehicle dynamics test methods — Part 1: General col
benger cars
Terms, definitions, and symbols

the purposes of this document, the terms and definitions given in ISO 1176, ISO 2416
8855;and the following apply.

ISO

e handling
lance with

tions but is
of steering
s5sed in the

Pir content
pplies. For
[s) applies.

ditions for

ISO 3833,

and IEC maintain terminology databases for use in standardization at the following addi

esses:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

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

on-centre handling
description of the steering “feel” and precision of a vehicle during nominally straight-line driving and in
negotiating large radius bends at high speeds but low lateral accelerations

3.2

ordinate deadband
vertical width of the hysteresis loops at abscissa zero
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3.3
abscissa deadband
horizontal width of the hysteresis loops at ordinate zero

3.4
gradient

ratio of change in the ordinate with respect to a unit change in the abscissa, evaluated on each side of

the hysteresis loop

4 Principle

On-centre handling represents that part of the straight-line directional stability characteristics of

the

vehicle exifting at lateral acceleration levels, typically no greater than 1 m/s2. On-centre handling is

concerned |primarily with features that directly influence the driver's steering input, such as$ stee
system and tyre characteristics. Thus, test schedules for the evaluation of on-centre handling behav

ing
our

seek to minimize other factors that influence the wider aspects of straight-line directional stability,

such as disturbance inputs due to ambient winds and road irregularities.

This documnent defines a test schedule that involves driving the vehicle in,a‘\nominally straight
at a constdnt forward speed. During the test, driver inputs and vehicle responses are measured
recorded. from the recorded signals, characteristic values are calculated.

5 Variaples

5.1 Refdrence system

The variablles of motion used to describe vehicle behavidur in a test-specific driving situation relat
the intermgdiate axis system (X, Y, Z) (see ISO 8855).

The locatign of the origin of the vehicle axis system (Xy, Yy, Zy) is the reference point and there
should be {ndependent of the loading condition;'The origin is therefore fixed in the longitudinal pl
of symmetfy at half-wheelbase and at the same height above the ground as the centre of gravity of
vehicle at domplete vehicle kerb mass (see 1SO 1176).

5.2 Varipbles to be measured

When using this test method,£hefollowing variables shall be measured:
— steering-wheel angle; 6y

— steering-wheel tovque, My;

L dy
— vyaw vdlocityy ——;
y Vi T

line
and

e to

fore
ane
the

— longitudipat-veloeityvy
The following variables should be measured:

— lateral acceleration, ay;

dé
— steering-wheel angular velocity, d—:

See ISO 8855.

2 © IS0 2023 - All rights reserved
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Measuring equipment

Description

All variables shall be measured by means of appropriate transducers and their time histories shall be
recorded by a multi-channel recording system. Typical operating ranges and recommended maximum
errors of the combined transducer and recording system are shown in Table 1.

Table 1 — Variables, typical operating ranges and recommended maximum errors
Variable Typical operating range? Recorgfné zrri?lﬁ?ngiasx;s unnllberror

Stepring-wheel angle +50° +0)1°
Stepring-wheel torque +0,1N-m +0,1N-m

Yay velocity +10 °/s +0,1°/s
Lorjgitudinal velocity 0m/sto50m/s +0,5m/s

Latpral acceleration +5 m/s? +0,1 m/s2
Stepring-wheel angular velocity +100 °/s +1°/s

sug
andg

Trajnsducers for measuring some of the listed variables are not widely available and are not in generd

h instruments are developed by users. If any system error exceeds the recommended maximun
the actual maximum error shall be stated in the test report (s€e [SO 15037-1:2019, Annex A).

1 use. Many
value, this

a
test
b

These transducer ranges are appropriate for the standard test conditions and might not be suitable for n|
conditions.

The values for maximum errors are provisional until more experience and data are available.

on-standard

6.2

Thd
exis

If a
refd

NO'
of th
roll]
kno

6.3

See

Transducer installations

t, so that the variables corresponding-to the terms and definitions of ISO 8855 can be de

transducer does not measure a variable directly, appropriate transformations into th
rence system shall be carried out.

E Lateral acceleration,‘as defined, is measured in the intermediate XY-plane. However, for
is test procedure, measurement of “sideways” acceleration in the vehicle X, Yy-plane (i.e. corrupte
is typically adequate, provided that the roll angle versus lateral acceleration characteristic for t
ivn and an appropriate’correction in respect of roll angle can be made to the “sideways” accelerat

Data processing

[SO 15087-1:2019, 5.3.

7

transducers shall be installed accordingto the manufacturers' instructions, where such ifstructions

fermined.

e specified

Lhe purpose
d by vehicle
he vehicle is
ion.

Test conditions

7.1

See

7.2

General

ISO 15037-1:2019, Clause 6.

Test track

The test track requirements shall be in accordance with those of ISO 15037-1:2019, 6.2. In addition, the
gradient of the test surface should not exceed 1 %, and the test track shall follow a straight-line path.

© IS0 2023 - All rights reserved
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7.3 Wind velocity

During a test, the ambient wind velocity shall not exceed 5 m/s when measured at a height above
ground of not less than 1 m. Ideally, the maximum ambient wind velocity should not exceed 1,5 m/s. If
this cannot be achieved, then conditions of significant “gusting” should be avoided, i.e. testing should
be avoided in conditions where changes in wind velocity exceed a range of 1,5 m/s. If the ambient
velocity exceeds 1,5 m/s or the range of “gusting” exceeds 1,5 m/s, or both, the vehicle should be tested
in a direction such that the ambient wind is a tail wind. For each test, the climatic conditions shall be
recorded in the test report (see ISO 15037-1:2019, Annex B).

Where measurement of wind velocity is not possible, estimation using the Beaufort scale is suggested

(see Table P).
Table 2 — Estimation scale for wind intensity for observer without measuring instrumentg
(Beaufort scale)

Wind intepsity 0 1 2 3 4

(Beaufort $cale)

Name Calm Light air Light breeze Gentle breéze | Moderate bregze
xe/ls"“ty 0t00,2 0,3t01,5 1,6103,3 3410 5,4 5,50 7,9
Identificatlion |Smoke rises Wind direction Leaves rustle, Ledves and thin |Moves twigs apd
sign vertically in a indicated only by |wind felt in face /)twigs move thin branches

straight line smoke dustrises

7.4 Testvehicle
7.4.1 General data
See ISO 15937-1:2019, 6.4.1.
7.4.2 Tyres

For genera
the followi

Since tyre
procedure
equipment

For similar
that some
early wear
life of the t

information regarding tyresiused for test purposes, see [SO 15037-1:2019, 6.4.2. In addit
hg recommendations are offered for guidance.

Characteristics can havea profound effect upon the vehicle behaviour being measured in
tyres with knowiarcharacteristics should be used wherever possible. Failing this, orig
rather than replaéement market tyres should be used.

reasons, calltion should be exercised if worn tyres are to be used. For example, it is kn
tyre chdracteristics affecting vehicle on-centre handling change significantly during
life (up.to several thousand kilometres) of the tyre but continue to change throughout|
yresln any event, tyres without a known history should be avoided.

ion,

this
inal

hbwn

the
the

All wheel
imbalance

tyre assemblies should De Dalanced berore use. Assemblies exnhibiting large run-out

(detectable as vibration at road wheel rotational frequency) should be avoided.

7.4.3 Operating components

See ISO 15037-1:2019, 6.4.3.

7.4.4 Loading conditions of vehicle

See ISO 15037-1:2019, 6.4.4.

© IS0 2023 - All rights rese
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8 Procedure

8.1 Warm-up
See IS0 15037-1:2019, 7.1.

8.2 Initial driving condition

This test schedule does not mandate any specific initial driving condition. However, the user may find
a steady-state, straight-ahead run useful for establishing the vehicle at the required longitudinal test
veldcity and obtaining transducer reference values. In this event, the procedure in accerflance with
[SO[15037-1:2019, 7.2.2 and Figure 2, should be used. The user could find it useful to end‘the|steer input
by 1je-establishing the steady-state, straight-ahead condition at the end of the test rum:

SeellSO 15037-1:2019, 7.2, for guidance on selection of the appropriate transmissiogear for performing
theftest.

8.3] Weave test procedure

Theg weave test is an open-loop procedure conducted on a test track'that follows a straighit-line path.
The vehicle is driven at a nominally constant longitudinal velocity.

The standard test velocity is 100 km/h.

Othler longitudinal velocities may be used: they should-be decremented or incremented by 20 km/h
from the standard velocity. Details shall be recorded in,the test report (see ISO 15037-1:201P, Annex B,
under "Test method specific data").

The transducer signals shall be recorded throughout the initial driving condition, if applicaple, and for
theduration of the test. In order to ensure thatthe required data are not affected by the instrimentation
system, recording should be continued for‘a-further 1 s after the test runs.

Theg weave test procedure requires-the steering-wheel to be subjected to an oscillatory |input. The
preferred steering input waveform“is nominally sinusoidal, but other steering input wavdforms (e.g.
triangular) may be used. The frequency of the steering input shall be 0,2 Hz * 10 %.

of vehicle
Analysis at
outside of
52 may also

rded in the

city of the
p 3 1, variation
in the posmon of the accelerator pedal shall be kept to a minimum, con51stent w1th malntalnlng vehicle
longitudinal velocity within required limits. The longitudinal velocity during the test sequence or
sequences to be used for data analysis shall not vary from the nominal value by more than * 3 %.

Choice of data used for analysis is based upon consistency of steering input and of vehicle longitudinal
velocity relevant to that data. A minimum of four consistent cycles of steering input and of vehicle
response are required for subsequent data analysis.

The steering input for this test may be made manually or with a steering robot machine. Where manual
input is used, in order to obtain the minimum number of cycles required for analysis, the test should be
performed for a minimum continuous duration of 40 s, sufficient to capture at least eight cycles of data.
Where proving-ground space limitations prohibit a run of this duration, and consequently the reliable
capture of a sufficiently long sequence of consistent data, it is permissible to perform a series of shorter

© IS0 2023 - All rights reserved 5
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runs and to combine the data for analysis. In this event, a nominal 20 cycles of data should be captured,
and statistical methods should be used during analysis. The use of a steering robot offers the possibility

of enhance

9 Datae

d consistency of steering input and hence of test data, allowing fewer test cycles.

valuation and presentation of results

9.1 General

General data shall be presented in the test report in accordance with ISO 15037-1:2019, Annexes A and

B. For ever,

At the pre
feeling of

dynamic r¢
the evaluaf

NOTE \
or from run

9.2 Tim

Time histg
particular,
longitudin
A minimur]
data analy
for analysi

9.3 Chai

9.3.1 Ge

The recorgq
Cartesian

another, the number of loops correspending to the number of data cycles analysed.

The hyster
make a po
sides of th
abscissa rg
and the re
sufficiently
end effects

rchanagain uvoahiclalaading oy configiratinn +tha gonaral dat- challho daciimantad ~gain
S oot ut 1)

[y It O It v CrrrereTooort it TCTOTE I S oo oo oo o e oot u I erre e oo oot

bent level of knowledge, it is not yet known which variables best represent the subjec
the driver and which variables — i.e. which characteristic values — best déscribe
actions of vehicles. Therefore, the following specified variables represent only exampleg
ion of results.

(ariables evaluated from runs performed at different nominal peak amplitudes.oflateral accelera
5 performed using different waveforms of steering input, might not be comparable.

e histories

the time histories of steering angle amplitude, steering-wheel angular velocity, vel
1 velocity and vehicle lateral acceleration are examined to identify valid data for evaluat
h of four consistent cycles, for which the control criteria are best met, shall be selected
bis. Time histories of the variables listed in Clause'5 shall be presented for the data seleq

D .
racteristic values

neral

led variables are taken in pairs (see 9.3.2 to 9.3.6) and plotted one against the other
oordinates. For each pair efivariables, this produces a series of hysteresis loops laid one

esis loops should be\‘averaged” by some suitable method. The recommended method i
ynomial curve fit'to’the combined data over the range “A” for each of the upper and lo
e combined hysteresis loops, where “A” is an appropriate percentage of the peak-to-p
nge of the_data (see Figure 1). The recommended order for the polynomial curve fit
commengded value for “A” is between 50 % and 70 %. The value chosen for “A” should
 large<to.ddequately cover the range of data of interest, but sufficiently restrictive to a
from\the limits of the loops.

ries serve to monitor correct test performance and funictioning of the transducers

tive
the
for

ion,

In
icle
ion.
for
ted

on
ver

5 to
wer
eak
s 3,
| be
roid
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\
\

W\

<

Grafdient = =

Key
ordinate deadband
abscissa deadband

RN

range of polynomial curve fit
Figure 1 — Definition of parameters

Theg recommended method(forevaluating a gradient is to make a best straight line fit to the polynomial
in the region of interest."For an average gradient, this would be over a specified range (ps detailed
belgw), and for an “instantaneous” gradient, this would be over a small interval around the point of
intdrest; typically, the 'size of the interval would correspond to that defined by a lateral agceleration
of 40,1 m/s2.

Othler metheds'may be employed for analysing and averaging the data. For example, straight{line rather
thah polynomial curve fitting may be used. Each hysteresis loop may be analysed individuglly and the
chafacteristic parameters, yielded from all the loops, averaged to obtain overall results.

Th - 1 1 i R RS | 1 111 1 4] 1 : i 1 l d d
dliudl proccuurcs diitd ucidlils ustU WIITIUTPTIIU UPUIT LT dlIdly SIS SUITWATC PDdURAgC Tl Oye an

the nature of the data and shall be stated in the test report (see ISO 15037-1:2019, Annex B, under “Test
method specific data”).

From the polynomial curve fits to the combined hysteresis loops, the following parameters are
evaluated:

— ordinate deadband;
— abscissa deadband;
— gradient.

The pairs of variables to be plotted (ordinate given first) and the characteristics that can be evaluated
are given in 9.3.2 to 9.3.6.

©1S0 2023 - All rights reserved 7
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9.3.2 Steering-wheel torque versus steering-wheel angle (M, versus )

Steering stiffness:

Steering st

Steering friction:

Angle hysteresis:

average gradient over range + x°,
where x = 10 % of the peak steering angle

iffness at zero steer: gradient evaluated at zero steering angle
ordinate deadband

abscissa deadband

9.3.3 Ya

Yaw veloci

Yaw veloci

9.34 Ya
Response (¢
9.3.5 La

Steering s¢g

Minimum 9

Steering s€

Lateral acd
Angle dead

Steering hy

Lateral aco

v velocity versus steering-wheel angle (dy/d¢ versus 6y)

average gradient over range + x°,
where x = 20 % of the peak steering angle

y response gain:

y time delay: time delay of yaw velocity with respecf-to steering aj

input

v velocity versus steering-wheel torque (diy/dt versus M)

leadband: abscissa deadband

feral acceleration versus steering-wheel angle (ayversus 6y)
nsitivity: average gradient over range * x°,

where x =20 % of the peak steering angle
teering sensitivity: minimum instantaneous gradient evaluated wit
range + 1 m/s2

gradient evaluated at 1 m/s? while steering away f
centre

nsitivity at 1 m/s2:

eleration deadband: ordinate deadband

band: abscissa deadband

steresis: area bounded by hysteresis loop and ordinate values * 1

s2,divided by 2 m/ s% (equivalent to average angle deadba

eleration time delay: time delay of lateral acceleration with respect to stee

angle input

ngle

hin

fom

m/
nd)

ing

9.3.6 Steering-wheel torque versus lateral acceleration (M versusgy) |

Torque at 0 m/s2;

Torque at 1 m/s2:

Lateral acc

Torque gradient at 0 m/s2:

Torque gradient at 1 m/s2:

Torque hysteresis:

ttorque levels at zero m/s?2

eleration at O N - m: +lateral acceleration levels at O N - m

gradient evaluated at 0 m/s2

centre

ordinate deadband

ttorque levels at + 1 m/s2 while steering away from centre

gradient evaluated at 1 m/s? while steering away from
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