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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
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Introduction

The main purpose of this part of ISO 13674 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 dificult since the significant interact

driv
the

Sing

behaviour of the road vehicle necessarily involves information obtained from a number of\differ

resylts of these tests can only be considered significant for a correspondingly small-part of the ove

beh

Mor

Bviour.

bn of these

pr-vehicle-environment elements are each complex in themselves. A complete and accurate description of

ent tests.

e this test method quantifies only one small part of the complete vehicle handling charactgristics, the

all dynamic

eover, insufficient knowledge is available concerning the relationship-between overall vehigle dynamic

properties and accident avoidance. A substantial amount of work is, necessary to acquire sufficient and
religble data on the correlation between accident avoidance and vehicle-dynamic properties in gen

resy

will

require proven correlation between test results and accident statistics.

bral and the

Its of these tests in particular. Consequently, any application of this test method for regulatign purposes
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INTERNATIONAL STANDARD ISO 13674-1:2010(E)

Road vehicles — Test method for the quantification
of on-centre handling —

1 |Scope
Thig part of ISO 13674 specifies a test schedule that addresses a particularsaspect of the on-cenfre handling
chafacteristics of a vehicle: the weave test. It is applicable to passenger €ars in accordance with 1SO 3833,
and|to light trucks.

NOTE The manoeuvre specified in this test method is not representative of real driving conditions bu{ is useful for
obtdining measures of vehicle on-centre handling behaviour in respongé te a specific type of steering input yinder closely
confolled test conditions. Other aspects of on-centre handling are_addressed in the companion ISO/T$ 20119 and
1ISO|13674-2.

2 [Normative references
The| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[ 1176, Road vehicles — Masses'— Vocabulary and codes

ISO|2416, Passenger cars —Mass distribution

ISO| 3833, Road vehicles ~—'Types — Terms and definitions

ISO|8855, Road vehigles — Vehicle dynamics and road-holding ability — Vocabulary

ISO[15037-1:2006, Road vehicles — Vehicle dynamics test methods — Part 1: General conditions for
paspenger.cars

3 Lf definiti , bot

For the purposes of this document, the terms, definitions and symbols given in ISO 1176, ISO 2416, ISO 3833,
ISO 8855 and the following apply.

31

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

© 1SO 2010 — All rights reserved 1
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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 Princ

ple

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

existing at
primarily w

characterisfics. Thus, test schedules for the evaluation of on-centre handling behaviour seekto’minimize g

factors that
ambient wir

This part off
constant fo
From the r¢g

5 \Varia

5.1

The variabl
intermediat

The locatio
be indepen
half-wheelb
vehicle kert}

5.2 Variables to be measured

When using

steerin

steerin

yaw ve

Reference system

lateral acceleration levels, typically no greater than 1 m/s2. On-centre handling is tonce
th features that directly influence the driver's steering input, such as steering system and

influence the wider aspects of straight-line directional stability, such as disturbance inputs du
ds and road irregularities.

ISO 13674 defines a test schedule that involves driving the vehicle in_a-nominally straight line
'ward speed. During the test, driver inputs and vehicle responsestare measured and recor
corded signals, characteristic values are calculated.

bles

es of motion used to describe vehicle behaviour in a test-specific driving situation relate to
b axis system (X, Y, Z) (see ISO 8855).

n of the origin of the vehicle axis system (X, Yy, Zy) is the reference point and therefore sh
ent of the loading condition. The @rigin is therefore fixed in the longitudinal plane of symmet

ase and at the same height abovethe ground as the centre of gravity of the vehicle at comg
mass (see ISO 1176).

this test method /thefollowing variables shall be measured:
p-wheel angle /oy

j-wheel torque, My;

oeity, dv

ned
tyre
ther
e to

at a
Hed.

the

buld
y at
lete

o+
\>17

longitudinal velocity, vy.

The following variables should be measured:

steering-wheel angular velocity, dd
t

lateral acceleration, ay;

SH

See ISO 8855.
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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

ma

Variable Typical operating range? Recommendgd maxiqy mberror
of combined system

Stepring-wheel angle +50° +0,1°
Stepring-wheel torque +0,1 N-m +0,1 N-m
Yaw velocity +10°/s +0,1°/s
Lorjgitudinal velocity 0 m/sto 50 m/s +0,5m/s
Lat¢ral acceleration + 5 m/s? +0,1 m/s?
Stepring-wheel angular velocity +100 °/s +1°/s
Trahsducers for measuring some of the listed variables are not widely available and are not in general use} Many such
insffuments are developed by users. If any system error exceeds the recommended maximum value, this and the actual

imum error shall be stated in the test report (see ISO 15037-1:2006, Annex A).

a

con

These transducer ranges are appropriate for the standard test cenditions and might not be suitable for non-
itions.

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

standard test

6.2

The]
sot

If a

sysfem shall be carried out:

NOT
test

typid

appiopriate correction in respect of roll angle can be made to the “sideways” acceleration.

[<2]

3

Transducer installations

transducers shall be installed according to the manufacturers' instructions, where such instru
nat the variables corresponding, to.the terms and definitions of ISO 8855 can be determined.

transducer does not measure a variable directly, appropriate transformations into the specifie

E Lateral acceleration, as defined, is measured in the intermediate XY-plane. However, for the pU
procedure, measurement of “sideways” acceleration in the vehicle X, Y,-plane (i.e. corrupted by vé
ally adequateg{provided that the roll angle versus lateral acceleration characteristic for the vehicle is ki

Data-processing

n

ctions exist,

d reference

rpose of this
bhicle roll) is
hown and an

1ISO 15027 1-2006-- 42
LAS A= aun B~ A-A~ 4 pa ay - A~A~ S aa~

r=Y
C

7

7.1

Test conditions

General

See ISO 15037-1:2006, Clause 5.

© 1SO 2010 — All rights reserved
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7.2 Test track

The test track requirements shall be in accordance with those of ISO 15037-1:2006, 5.2. In addition, the
gradient of the test surface should not exceed 1 %, and the test track shall follow a straight-line path.

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 ywhere-ehanges—in-wind—velosity-exceeda—range-oft-6-mis—hrthe-eventthat-the—ambiertvelocity
exceeds 1,% m/s or the range of “gusting” exceeds 1,5 m/s, or both, the vehicle should be tested in a dirégtion
such that the ambient wind is a tail wind. For each test, the climatic conditions shall be recorded in\the [test
report (see |SO 15037-1:2006, Annex B).
Where megsurement of wind velocity is not possible, estimation using the Beaufort scale: is suggested
(see Table P).
Tabje 2 — Estimation scale for wind intensity for observer without measuring instrument
(Beaufort scale)
Wind intepsity 0 1 2 3 4
(Beaufort cale)
Name Calm Light air Light breeze Gentle breeze Moderate breqze
:’n‘/?c“y 0t00,2 03t01,5 1,6103,3 341054 55107,9
Identificatign Smoke rises Wind direction Leaves rustle, Leaves and thin Moves twigs arnd
sign vertically in a indicated only by | wind-felt in face twigs move thin branches, glust
straight line smoke rises
7.4 Test|vehicle
7.41 Gerneral data
See ISO 15037-1:2006, 5.4.1.
742 Tyres
For general information-régarding tyres used for test purposes, see ISO 15037-1:2006, 5.4.2. In addition) the
following recommendations are offered for guidance.
Since tyre [charaeteristics can have a profound effect upon the vehicle behaviour being measured in |this
procedure, tyres ‘with known characteristics should be used wherever possible. Failing this, original equipment
rather than cp:aucnu.—n trmarket tylGO shotidbetsed:

For similar reasons, caution should be exercised if worn tyres are to be used. For example, it is known that
some tyre characteristics affecting vehicle on-centre handling change significantly during the early wear life
(up to several thousand kilometres) of the tyre, but continue to change throughout the life of the tyre. In any
event, tyres without a known history should be avoided.

All wheel/tyre assemblies should be balanced before use. Assemblies exhibiting large run-out or imbalance
(detectable as vibration at road wheel rotational frequency) should be avoided.

7.4.3 Operating components

See ISO 15037-1:2006, 5.4.3.

4 © 1SO 2010 — All rights reserved
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7.4.4 Loading conditions of vehicle

See

8

8.1

See

ISO 15037-1:2006, 5.4.4.

Procedure

Warm-up

ISO 15037-1:2006, 6.1.

8.2

This
sted
obta
6.2.
stezg

See
test

8.3

The)
veh

The)

Oth
star
metf]

The

duration of the test. In order to ensure that the required data are not affected by the instrumentat

recd

The]
steq
use

The
acc
acc
the

Initial driving condition

test schedule does not mandate any specific initial driving condition. However, 'the user
dy-state, straight-ahead run useful for establishing the vehicle at the required longitddinal test
ining transducer reference values. In this event, the procedure in accordance ‘with 1ISO 15

dy-state, straight-ahead condition at the end of the test run.

ISO 15037-1:2006, 6.2, for guidance on selection of the appropriate transmission gear for pe

Weave test procedure

cle is driven at a nominally constant longitudinal velgcity.

standard test velocity is 100 km/h.

dard velocity. Details shall be recorded ‘in“the test report (see ISO 15037-1:2006, Annex B,
hod specific data).

transducer signals shall be recorded throughout the initial driving condition, if applicable,

rding should be continued forya further 1 s after the test runs.

weave test procedurg requires the steering-wheel to be subjected to an oscillatory input. THh
ring input wavefornmis hominally sinusoidal, but other steering input waveforms (e.g. triangu
. The frequency ©fjthe steering input shall be 0,2 Hz £ 10 %.

amplitude of«the steering input shall be sufficient to produce the required peak value of ve
bleration £\10 %. To ensure that good and adequate test data are available for analysi
sleration-levels of 1 m/s2 and that the vehicle and its subsystems are working outside of hyster
standard peak value is 2 m/s2, but lower values and values up to 4 m/s2 may also be used.

weave test is an open-loop procedure conducted on*a-test track that follows a straight-ling¢

1:2010(E)

may find a
velocity and
D37-1:2006,

P and Figure 2, should be used. The user could find it useful to end the steer_input by re-establishing the

forming the

path. The

br longitudinal velocities may be used: they should be decremented or incremented by 20 km/h from the

under Test

and for the
ion system,

e preferred
ar) may be

hicle lateral
5 at lateral
bsis effects,

Det

Us“of the efnnrlnn |nn||f waveform and the lateral aceceleration anllhlr’ln shall be recorde

in the test

report (see ISO 15037 1 2006 Annex B, under Test method specific data)

Throughout the test, both the peak amplitude of the steering angle and the angular velocity of the steering-
wheel through the centre position shall be as near constant as possible. In addition, variation in the position of
the accelerator pedal shall be kept to a minimum, consistent with maintaining vehicle longitudinal velocity
within required limits. The longitudinal velocity during the test sequence or sequences to be used for data

ana

lysis 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.

© 1SO 2010 — All rights reserved
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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 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 enhanced consistency of steering

input and hence of test data, allowing fewer test cycles.

9 Data evaluation and presentation of results
9.1 Geng¢ral
General daja shall be presented in the test report in accordance with ISO 15037-1:2006, Annexes A anfd B.
For every change in vehicle loading or configuration, the general data shall be documented again.
At the present level of knowledge, it is not yet known which variables best represent the subjective feeling of
the driver gnd which variables — i.e. which characteristic values — best describethe dynamic reactions of
vehicles. Therefore, the following specified variables represent only examples for the,evaluation of results.
NOTE ariables evaluated from runs performed at different nominal peak amplitudes of lateral acceleration, or from
runs performed using different waveforms of steering input, might not be comparable:
9.2 Timd histories
Time histor|es serve to monitor correct test performance and fungtioning of the transducers. In particular) the
time histories of steering angle amplitude, steering-wheel angular velocity, vehicle longitudinal velocity [and
vehicle latefal acceleration are examined to identify valid data for evaluation. A minimum of four consigtent
cycles, for which the control criteria are best met, shall\be selected for data analysis. Time histories of| the
variables ligted in Clause 5 shall be presented for the data selected for analysis.
9.3 Calcplated lateral acceleration
Instead of lising measured lateral acceleration, ay, in the derivation of several of the characteristic values
identified in| 9.4, the parameter “calculated*lateral acceleration” may be used. Calculated lateral acceleration,
ayc, is calclilated as the product of yaw/velocity, dy/dz (in radians per second) and longitudinal velocity| vy,
and is expréssed in units of metres-per second squared:
iy
Aye =1—V
Ye =14, VX

NOTE Characteristie Values evaluated using calculated lateral acceleration are not comparable with those evaluated
using measufed laterahacceleration.
9.4 Charnacteristic values
9.41 General

The recorded variables are taken in pairs (see 9.4.2 to 9.4.6) and plotted one against the other on Cartesian
co-ordinates. For each pair of variables, this produces a series of hysteresis loops laid one over another, the
number of loops corresponding to the number of data cycles analysed.

The hysteresis loops should be “averaged” by some suitable method. The recommended method is to make a
polynomial curve fit to the combined data over the range “A” for each of the upper and lower sides of the
combined hysteresis loops, where “A” is an appropriate percentage of the peak-to-peak abscissa range of the
data (see Figure 1). The recommended order for the polynomial curve fit is 3, and the recommended value for
“A” is between 50 % and 70 %. The value chosen for “A” should be sufficiently large to adequately cover the
range of data of interest, but sufficiently restrictive to avoid end effects from the limits of the loops.
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