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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-governm

ental in liaison with ISO_ also take part in the work
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
5k of technical committees is to prepare International Standards. Draft Interrational Stan

the technical committees are circulated to the member bodies for voting.”Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

hall not be held responsible for identifying any or all such patent rights.
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Introduction

The main purpose of this International Standard 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
drive
beha

-vehicle-environment elements is each complex in itself. A complete and accurate desc

Since this test method quantifies only one small part of the complete vehicle handling‘chara

resul
beha

More|

s of these tests can only be considered significant for a correspondingly small part of the ov
viour.

of pvnlllating the dynzmir‘ behaviour is therefore very difficult since the qignifir‘ant interaction of these

ription of the

viour of the road vehicle must necessarily involve information obtained from a number of different tests.

teristics, the
brall dynamic

pver, insufficient knowledge is available concerning the relationship dbetiween overall vehicle dynamic

properties and accident avoidance. A substantial amount of work is fnecessary to acquire dufficient and
reliakjle data on the correlation between accident avoidance and vehicle dynamic properties in ge

resul

s of these tests in particular. Consequently, any application ofthis test method for regulat

will require proven correlation between test results and accident statistics.
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Road vehicles — Heavy commercial vehicles and buses —
Lateral transient response test methods
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references, only the edition cited applies. For undated references, the latest edition of th
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ISO 1
ISO

ISO/]
input

ISO/]
input

ISO ¢

ECE
their

Bcope

nternational Standard specifies test methods for determining the transient responsé behav
nercial vehicles, heavy commercial vehicle combinations, buses and articulated ‘buses, §
833 for trucks and trailers above 3,5t and buses above 5t maximum weight, and in UN
ns Economic Commission for Europe) and EC vehicle classification, categories‘M3, N2, N3,

The open-loop manoeuvres specified in this International Standard afe,not representative
ions, but are nevertheless useful for obtaining measures of vehicle transient behaviour — particularly
hich the driver experiences — in response to several specific types of stéering input under closely
ions. For combinations where the response of the last vehicle unit is of importance, see ISO 14791.

Normative references

following referenced documents are indispensable for the application of this documen)
ment (including any amendments) applies.

176:1990, Road vehicles — Masses — Vocabulary and codes

833:1977, Road vehicles — Types + Terms and definitions

'R 8725:1988, Road vehicles'="Transient open-loop response test method with one period
'R 8726:1988, Road-vehicles — Transient open-loop response test method with pseudo-ran
855:1991, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary

Regulatien’No. 30, Uniform provisions concerning the approval of pneumatic tyres for motor
Frailers

our of heavy
s defined in
ECE (United
03 and O4.

bf real driving
with respect to
controlled test

t. For dated
e referenced

of sinusoidal

dom steering

vehicles and

3 Terms and definitions

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

3.1

vehicle unit
unit of a vehicle combination which is connected with a yaw-articulation joint

EXAMPLE

NOTE

© IS0

Tractor, semitrailer, dolly.

The number of vehicle units is one more than the number of articulation joints.
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4 Principle
IMPORTANT — The method of data analysis in the frequency domain is based on the assumption that
the vehicle has a linear response. Over the whole range of lateral acceleration this is unlikely to be the
case, the standard method of dealing with such a situation being to restrict the range of the input so
that linear behaviour can be assumed and, if necessary, to perform more than one test at different
ranges of inputs which, together, cover the total range of interest.

The objective of these tests is to determine the transient response of a vehicle. Characteristic values and
functions of both linear and nonlinear behaviour are considered necessary for fully characterizing vehicle
transient response. Linear characteristic values and functions are determined with tests in the frequency
domain and ponfimear characteristic vatuesand-furctions withtests i the tme donmmaim - the case of vehicle
combinations, it is primarily the response of the first vehicle unit that is evaluated.
Important characteristics in the time domain are

— time lag$ between steering-wheel angle, lateral acceleration and yaw velocity,
— response times of lateral acceleration and yaw velocity (see 9.2.1),

— lateral agceleration gain (lateral acceleration divided by steering-wheel angle),
— yaw velqcity gain (yaw velocity divided by steering-wheel angle), and

— overshoot values (see 9.2.3).

Important characteristics in the frequency domain are the transferfunctions of

— lateral agceleration related to steering-wheel angle, and

— yaw velqcity related to steering-wheel angle,

expressed a$ gain and phase functions betweeh input and output variables.

There are sg¢veral test methods for obtaining these characteristics in the time and frequency domains, as
follows, the gpplicability of which depends.in part on the size of the test track available.

a) time dorpain:
1) step input;
2) sinysoidal inputtene period).

b) frequengy domain:

1) rangominput;

2) pulse input;

3) continuous sinusoidal input.

5 Reference system

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

The location of the origin of the vehicle axis system (X, Yy, Z) is the reference point and shall be thus
defined.

2 © 1S0O 2011 — All rights reserved
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6 Variables

The following variables shall be determined:

— yaw velocity, v ;

— lateral acceleration, ay;

— steering-wheel angle, 4;

— longitudinal velocity, vy.

The fpllowing variables may be determined:

— lpteral deviation, y;

— 1oll angle at relevant points, ¢;

— steering-wheel torque, My;

— gideslip angle, £.

Thesg variables, all but lateral deviation defined in ISO 8855, are not intended to comprise a com

blete list.

7 Measuring equipment

7.1 | Description

The Yyariables to be determined in accordaneé with Clause 6 shall be measured by means of appropriate
transgducers. Their time histories shall be recorded on a multi-channel recording system having a {ime base.

The fypical operating ranges and recommended maximum errors of the transducers and the recg
are gjven in Table 1.

7.2

Transducer installation

The fransducers shall be.installed so that the variables corresponding to the terms and definitions
can Re determined.

If the|transducerdees not measure the variable directly, appropriate transformations into the refe

shall

7.3

7.31

be carried. out.

Data processing

rding system

of ISO 8855

ence system

General

The frequency range relevant for this test is between 0 Hz and the maximum utilized frequency of f,,, = 2 Hz.
Depending on the data processing method chosen (analog or digital data processing) the provisions of 7.3.2
or 7.3.3 shall be observed.

For lighter trucks it may be necessary to increase f,,, to 3 Hz. In this case, the following requirements
concerning the frequency f,,,, may be modified correspondingly.

7.3.2 Analog data processing

The bandwidth of the entire, combined transducer/recording system shall be no less than 8 Hz.

© 1SO 2011 — All rights reserved
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In order to execute the necessary filtering of signals, low-pass filters of order four or higher shall be employed.
The width of the passband (from 0 Hz to frequency f; at —3 dB) shall be not less than 9 Hz. Amplitude errors
shall be less than +0,5 % in the relevant frequency range of 0 Hz to 2 Hz. All analog signals shall be
processed with filters having phase characteristics sufficiently similar to ensure that time delay differences due
to filtering lie within the required accuracy for time measurement.

NOTE During analog filtering of signals with different frequency contents, phase shifts can occur. Therefore, a digital
data processing method, as described in 7.3.3, is preferable.

Table 1 — Variables, their typical operating ranges and recommended maximum errors

combined transducer and recorder syslem

Yaw velocity - 50°/s to + 50°/s +0,5°/s

Vartabte Range

Lateral accelgration

- 15 m/s2to + 15 m/s?

+ 0,15 m/s?

Steering-whegl angle

- 360° to + 360°

+ 2° for angles\x 180°

+ 4° for angles > 180°

Longitudinal yelocity 0 m/s to 35 m/s +0;35 m/s
Roll angle - 15°to + 15° +0,15°
Side slip angle -10°to + 10° +0,3°
Lateral velocity -10m/sto + 10 m/s +0,1m/s
Steering-whegl torque
without ppwer steering — 50 N'mto + 50 N-m +0,5Nm
with power steering —20N'mto + 20 N-m +0,2N-m

Transducers for some of the listed variables are not widely_available and are not in general use. Many such instruments
are developedl by users. If any system error exceeds the recommended maximum value, this and the actual max{mum
error shall belstated under general data in the test report (see Annex A).

7.3.3 Digital data processing

7.3.3.1 General considerations

Preparation ¢f analog signals ihcludes consideration of filter amplitude attenuation and sampling rate in jorder
to avoid aliaging errors, and-filter phase lags and time delays. Sampling and digitizing considerations include
presampling |amplification“0f signals so as to minimize digitizing errors, the number of bits per samprlx, the
number of [samplespér cycle, sample and hold amplification, and timewise spacing of sanpples.
Consideratiops for additional phaseless digital filtering include the selection of passbands and stopbandg, and
the attenuatipn and allowable ripple in each, as well as correction of anti-alias filter phase lags. Each of these
factors shall pe_considered so that an overall data-acquisition accuracy of + 0,5 % is achieved.

7.3.3.2 Aliasing errors

In order to avoid uncorrectable aliasing, the analog signals shall be appropriately filtered before sampling and
digitizing. The order of the filters used and their passband shall be chosen according to both the required
flatness in the relevant frequency range and the sampling rate. The minimum filter characteristics and
sampling rate shall be such that

— within the relevant frequency range of 0 Hz to f,,,,, = 2 Hz the attenuation is less than the resolution of the
data acquisition system, and

— at one-half the sampling rate (i.e. the Nyquist or “folding” frequency) the magnitudes of all frequency
components of signal and noise are reduced to less than the system resolution.

4 © 1S0O 2011 — All rights reserved
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For 12-bit data acquisition systems with a resolution of 0,05 % the filter attenuation shall be less than 0,05 %

to 2 Hz, and the attenuation shall be greater than 99,95 % at all frequencies greater than
sampling frequency.

NOTE For a Butterworth filter the attenuation is given by

2 1
2n
1+(fmax]
/o

and

wherd
1 is the order of the filter;

Jnax is the relevant frequency range (2 Hz);

Jb s the filter cut-off frequency;

/N is the Nyquist or “folding” frequency;
Ji  is the sampling frequency =2 x fi
For example, for a fourth-order filter:

— fpr4=0,9995, f, =237 x f,,., = 4,74 Hz,

— fprd=0,0005,f, =2 x (6,69 x f;}=63,4 Hz.

7.3.3|3 Phase shifts andtime delays for anti-aliasing filtering

Excepsive analog filtering*shall be avoided, and all filters shall have sufficiently similar phase cha
ensufe that time delay differences lie within the required accuracy for the time measurement.

Phasg shifts afeyespecially significant when measured variables are multiplied together to form n
This s because, while amplitudes multiply, phase shifts and associated time delays add. Pha
time felays/are reduced by increasing f,. Whenever equations describing the presampling filters
is prchticaI to remove their phase shifts and time delays by simple algorithms performed in t

one-half the

acteristics to

bW variables.
e shifts and
are known, it
ne frequency

domair:

NOTE In the frequency range in which the filter amplitude characteristics remain flat, the phase
Butterworth filter can be approximated by

— = 281°(flfy) for 2nd order,
—  @=150° (flf,) for 4th order,
—  @=294° (flf,) for 8th order.
The time delay for all filter orders is z = (¢/360°) x (1//;)

© 1SO 2011 — All rights reserved
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7.3.34

Data sampling and digitizing

At 2 Hz the signal amplitude changes by up to 1,25 %/ms. To limit dynamic errors caused by changing analog
inputs to 0,1 %, sampling or digitizing time shall be less than 80 x 10-% s. All pairs or sets of data samples to
be compared shall be taken simultaneously or over a sufficiently short time period.

In order not to exceed an amplitude error of 0,5 % in the relevant frequency range from zero to f,., the
sampling rate, f, shall be at least 30 f,5,-

7.3.3.5

The data ad
2LSB+0,19
from 0 Hz to

Data acquisition system requirements

quisition system shall have a resolution of 12 bits or more (£ 0,05 %) and an accura
©. Anti-aliasing filters shall be of order four or higher and the relevant frequency range-sh

max*

For fourth-order filters, f; shall be greater than 2,37 f,,. if phase errors are subsequently adjusted in digita

processing, g

For filters of ¢
alias error.

Amplification
than 0,2 %. §

7.3.3.6 Di

For filtering
accordance V

the pasg
the stop
the filter

the filter

the filter

nd greater than 5 f,,,,, otherwise; data sampling frequency f; shall be greater than 13,4 f.

rders other than the fourth order, f; and £ shall be selected for adequateflatness and prevent

of the signal before digitizing shall be such that in the digitizing-process the additional error i
ampling and digitizing time for each data channel sampled shall*be less than 80 x 106 s.

jgital filtering

vith the following (see Figure 1):

band shall range from 0 Hz to 2 Hz;

band shall begin at < 6 Hz;

gain in the passband shall be 1.+ 0,005 (100 £ 0,5) %;

gain in the stopband shall be < 0,01 (< 1 %);

gain shall fall within.the unshaded area of Figure 1.

cy of
bll be

data

on of

5 less

bf sampled data in data evaluation, phaseless (zero-phase-shift) digital filters shall be usgd, in

© 1S0O 2011 — All rights reserved
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Figure 1 — Required characteristics of phaseless digital filters

Test conditions

General
5 and specifications for-the ambient wind and vehicle test conditions in accordance with 8.3

gintained throughout-the test. Any deviations shall be shown in the test report (see Annex
dividual diagrams of the presentation of results (see Annex B).

Test track

bndard tests shall be carried out on a smooth, clean, dry and uniform paved road surface. Th

and 8.4 shall
A), including

e gradient of
pater than or

aved 'surface shall not exceed 2,5 % in any direction when measured over any distance gr

equa

tothevethitletracktmaddition, for teststoncermed - withdampingof combimation vetiictes, the gradient

of the test surface shall not exceed 1 % along the path of the vehicle as measured over any distance of 25 m
or more. For each test the road surface conditions and paving material shall be recorded in the test report
(see Annex A).

8.3
Durin

Fore

Weather conditions
g the measurements, ambient wind velocity shall not exceed 5 m/s.

ach test procedure, weather conditions shall be recorded in the test report (see Annex A).

Since, in certain cases, ambient temperature can have a significant influence on test results, it should be
taken into account when making comparisons between vehicles.

© IS0
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8.4 Test vehicle

8.4.1 General data

Appropriate general data on the test vehicle or vehicle unit shall be presented in the test report in accordance
with Annex A.

8.4.2 Tyres

For the standard test conditions, new tyres shall be fitted on the test vehicle according to the vehicle

manufacture

r's specifications. They shall have a tread depth of at least 90 % of the original value i

n the

principal gro
given in E
recommends
manufacture

NOTE Th

pves within 0,75 of the tread breadth (in accordance with specifications for tread-wear indig
CE Regulation No. 30), shall have been stored in accordance with the manufact

shall be noted in the test report (see Annex A).

e tread breadth is the width of that part of the tread which, with the tyre correctly inflated, is in contad

the road in nofmal straight-line driving.

If not otherw
vehicle or an
or hitting thd
throughout th

Tyres shall b
The toleranc

Inflation pres
the test repo

The tests ma
The details
a significant
vehicles or b

8.4.3 Othe

ise specified by the tyre manufacturer, the tyres shall be run in for atteast 150 km on thg
equivalent vehicle without excessively harsh use such as severe braking, acceleration, corn

e tests.

e inflated to the pressure specified by the vehicle manufagturer for the test vehicle configur
e for setting the cold inflation pressure is + 2 %.

sure and tread depth before tyre warm-up and.after completion of the test shall be record
't (see Annex A).

y also be performed with tyres in any state”of wear as well as with retreaded or regrooved

hall be recorded in the test report (see Ahnex A). As tread depth or uneven tread wear can
nfluence on test results, these should be taken into account when making comparisons bet
etween tyres.

I operating components

For the standglard test conditions,-any operating component likely to influence the results of a test (e.g. s

absorbers, s
manufacture
(see Annex 4

Levelling sy9
should be dis

brings and other suspénsion components and suspension geometry) shall be as specified 4
\

).

tems of'the chassis and cabin suspension which affect the response behaviour inappropr
abled during steady-state and step-input tests.

ators
Lrer's

tion and shall not have been manufactured more than two years prior to the test/The date of

t with

e test
ering

b kerb. After running in, the tyres shall be maintained at the’ same position on the vehicle

ation.

ed in

yres.
have
ween

hock
y the

. Any deviations <from the manufacturer's specification shall be recorded in the test feport

ately

8.4.4 Vehicltetoading—conditions

8.4.41 General
The maximum design total mass (Code: ISO-M07) and the maximum design axle load (Code: ISO-M12), in
accordance with ISO 1176:1990, 4.7 and 4.12, shall not be exceeded.

The total weight and the centre-of-gravity position (longitudinal, lateral and vertical) can be expected to
influence all test results. Moments of inertia can be expected to influence transient test results. For all tests,
the total mass and the centre-of-gravity position in three dimensions should be reported for each vehicle unit,
and for transient tests, the moment of inertia in yaw should also be reported. Moments of inertia in pitch and
roll should be reported if available.

© 1S0O 2011 — All rights reserved
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Alternatively, the loading condition of the vehicle shall be described adequately such that these parameters
can be reproduced.

Care shall be taken to ensure that the masses, centre-of-gravity positions and moments of inertia of the test
vehicle compare closely to those parameters of the vehicle in normal use. The resulting static wheel loads
shall be determined and recorded in the test report (see Annex A).

8.4.4.2 Minimum loading condition

For the minimum loading condition, the total mass of the vehicle or combination shall consist of the complete
vehicle kerb mass (Code: ISO-M06) in accordance with 1SO 1176:1990, 4.6, plus the mass of the

instrymentation. In the case of the 1irst venicle unit, the mass of the driver and, If applicable, th¢ mass of an
instryment operator or observer shall be added. The minimum loading condition is optional.

8.4.4/3 Maximum loading condition

For the maximum loading condition, the total mass of a fully laden vehicle or combination shall ¢onsist of the

ch that none
nd the mass

lete vehicle kerb mass plus the maximum load of interest (e.g. the legal limit) distributed su
e maximum axle loads is exceeded (see ISO 1176). The height of the centre of gravity a

comg
of the

distribution of the payload should be established to reflect the application“of interest. The maximum loading
condftion is the standard test condition.

8.4.4/4 Other loading conditions

Othef loading conditions, representing special transport conditions, are encouraged.

8.5 |Warm-up

All relevant vehicle components shall be warmed "up prior to the tests in order to achieve a|temperature
representative of normal driving conditions. «Jyres shall be warmed up prior to the tests tq achieve an
equiliprium temperature and pressure represéntative of normal driving conditions.

To warm up the tyres, a procedure by driving at the test speed for a distance of at least 50 km or|equivalent to
drivirlg 5 km at a lateral acceleration:of 1 m/s2 (left and right turn each) could be appropriate.

The fiyre pressures after warméup may be recorded.

8.6 | Test speed

All tg
vehia
used

For €

sts shall be conducted at either 80 km/h, 90 km/h or 100 km/h, depending on the intende
le, or at the\maximum speed of the vehicle if it is less than 80 km/h. Other test speeds of int
(preferably/in 10 km/h steps).

achtest run, the average speed shall be maintained within a tolerance of + 2 km/h of the sel

d use of the
erest may be

ected speed.

A deviation of the vehicle speed of + 3 km/h from the selected speed is permissible

8.7 Lateral acceleration

IMPORTANT — Stepwise increase of the lateral acceleration and the use of outriggers are strongly
recommended in order to prevent rollover.

The lateral acceleration of the vehicle, or first vehicle unit in the case of combinations, shall be appropriate to
the particular type of test. For linear tests, the lateral acceleration of all vehicle units shall be small enough to
generate only linear vehicle behaviour. For nonlinear tests, the lateral acceleration shall be large enough to
have the vehicle show nonlinear behaviour.
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The recommended value of the lateral acceleration level should be 3 m/s2, except for the random input test
where the lateral acceleration level should be 2 m/s2. For safety reasons, the maximum lateral acceleration
should be smaller than 75 % of the estimated rollover limit or 75 % of the road adhesion limit.

The applied lateral acceleration level shall be recorded in the test report (see Annex B).
NOTE Lateral acceleration measured from different vehicles cannot be compared.
8.8 Average longitudinal acceleration

For tests concerned with damping of combination vehicles, the average longitudinal acceleration over the time
period during which measurements are actually made shall be within + 0,1 m/s?

9 Step input

9.1 Test procedure

Drive the velicle at the test speed (see 8.6) in a straight line. Starting from a steady-state condition with yaw
velocity in tHe range of + 0,5 °/s, apply a steering input as rapidly as possible to-a preselected valug and
maintain it at{that value until the measured vehicle motion variables reach a steady state.

Take data fof both left and right turns. All data shall be taken in one diregction followed by all data in the [other
direction. Alternatively, take data successively in each direction for each acceleration level, from the lowest to
the highest Igvel. Record the method chosen in the test report (see Annex A).

Data shall bg taken throughout the desired range of steering inputs'and response variable outputs.

Increase the| steering-wheel amplitude stepwise up to a magnitude sufficient to produce the desired lateral
acceleration Jevel (see 8.7).

Perform at leiast three test runs at each steering-wheel angle amplitude.
9.2 Data analysis

9.2.1 Response time

The transien{-response data reddetion shall be carried out such that the origin for each response is the time at
which the stgering-wheel angle-change is 50 % complete. This is the reference point from which all resgonse
times are mgasured. Response time is thus defined as the time, measured from this reference, for the ve¢hicle
transient response to first attain the designated percentage of its new steady-state value. The 90 % response
times should be detefmined (see Figure 2), and in some cases it may be desirable to determine |other
response times, for example, the 63 % response time.

9.2.2 Peak|response time

The peak response time is the time, measured from the reference point, for a vehicle transient response to
reach its peak value (see Figure 2).

In some instances, system damping can be so high that a peak value cannot be determined. If this occurs,
data sheets should be marked accordingly.

9.2.3 Overshoot values

The overshoot values are calculated as a ratio: the difference of peak value minus steady-state value divided
by steady-state value.
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Figure 2 — Response time and peak response time
9.3 | Data presentation

9.3.1| General

Gengral data shall be presented in accordance with Annex A.

9.3.2| Time histories

The fme histaries of variables used in data reduction shall be plotted. If a curve is fitted to any set of data, the
methpd of cutve fitting shall be described in the presentation of results in accordance with Annex B.

Plot fhectime histories of steering-wheel angle, lateral accelerations and yaw velocities for the sejected lateral
acceleration level, as shown in Figure B.1.

9.3.3 Time-response data summary

Record in accordance with Table B.1, as applicable, the means and standard deviation of the following
variables for the selected test speed and the lateral acceleration level:

a) steady-state yaw velocity response gain, (L] ;
5H SS
b) steady-state lateral acceleration response gain, [a_yj ;
H/ss
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lateral acceleration peak response time, T,

lateral acceleration response time, Ty,

yaw velocity response time, T, ;

Y,max;

yaw velocity peak response time, T, nay ;
overshoot value (see 9.2.3) of lateral acceleration, U,,y;

overshoot value (see 9.2.3) of yaw velocity, U, .

The confiden

10 Sinusc

10.1 Test j

Drive the velicle at the test speed (see 8.6) in a straight line. Starting from a steady-state condition with

velocity in th
0,2Hz. An a
compared to

Take data w
one direction
for each acc
(see Annex 4

Increase the
acceleration

Perform at Ig

10.2 Data analysis

10.2.1 Gengdral

The test res
should theref

10.2.2 Lateral acceleration

Lateral accel

ce intervals for these variables should also be determined.

pidal input — One period (see ISO/TR 8725)

rocedure

e range of + 0,5 °/s, apply one full period sinusoidal steering=wheel input with a frequen
dditional frequency of 0,5 Hz should also be used. The amplitude error of the actual wavg
the true sine wave shall be less than 5 % of the first peak valde.

nile the steering wheel is rotated initially both to the left and to the right. All data may be tak
followed by all data in the other direction. Alternatively, take data successively in each dirg

).

steering-wheel amplitude stepwise up tela magnitude sufficient to produce the desired |
evel (see 8.7 and 10.2.2).

ast three test runs for each combination of speed and steering.

Llts can be sensitive to the method of data processing. The procedure given in ISO/TR
ore be used.

eration in this test is defined as the first peak value of the lateral-acceleration time history.

yaw
cy of
pform

en in
bction

bleration level, from the lowest to the highest level. 'Record the method chosen in the test feport

hteral

8725

10.2.3 Yaw velocity

Yaw velocity

10.2.4 Time

in this test is defined as the first peak value of the yaw-velocity time history.

lags

The time lags between the variables steering-wheel angle and lateral acceleration and yaw velocity are
calculated for the first and second peaks by means of cross-correlation of the first and second half-waves,
respectively (positive and negative parts of the time history).

12
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10.2.5 Lateral acceleration gain

Lateral acceleration gain shall be calculated as the ratio of the lateral acceleration (in accordance with 10.2.2)
to the corresponding peak value of the steering-wheel angle.

10.2.6 Yaw velocity gain

Yaw velocity gain shall be calculated as the ratio of the yaw velocity (according to 10.2.3) to the corresponding
peak value of the steering-wheel angle.

10.3 Data presentation

10.3. General

Gengral data shall be presented in accordance with Annex A.

10.3.2 Time histories

Time| histories of variables used in data reduction shall be plotted. If a curve' is fitted to any sef of data, the
methpd of curve fitting shall be described in the presentation of results (see Annex B).

Plot the time histories of steering-wheel angle, lateral accelerations.and yaw velocities for the selected lateral
acceleration level as shown in Figure B.2.

10.3.3 Time-response data summary

Test |data shall be presented in summary form astpresented in Table B.2, as mean valueg + standard
devigdtion (see 10.1).

The ¢onfidence intervals for the appropriate variables should also be determined.

10.3.4 Data as functions of lateral acceleration
If optional measurements are made*at other lateral accelerations, it is useful to present data ag functions of
latergl acceleration. The justification for making two initial turn directions is that an asymmetry can exist. This

asynmetry can be presented,interms of asymmetry factors. These further types of presentation gre described
in detail in ISO/TR 8725.

11 Random input (see ISO/TR 8726)

11.1| Test-procedure

Makg the test runs by driving the vehicle at the selected test speed (see 8.6) while making continuous inputs
to the steering wheel up to predetermined limits of steering-wheel angle.

The test shall cover a minimum frequency range of 0,1 Hz to 2 Hz. Optionally, the frequency range may also
be extended above and below these limits.

Do not use mechanical limiters of steering-wheel angle, owing to their effect on the harmonic content of the
input. It is also important that the input be continuous, as periods of relative inactivity will seriously reduce the
signal-to-noise ratio.

To ensure adequate high-frequency content, the input should be energetic (see 11.2.2 and 11.2.3).

To ensure enough total data, capture at least 12 min of data, unless confidence limits indicate that a shorter
time is sufficient. Ideally, this should be accomplished in a continuous run, but practical considerations can
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prevent this for two reasons. Firstly, the test track could be insufficiently long to permit a continuous run of
such length at the required test speed. Secondly, the computer used to analyse the data might not be large
enough to handle all the data at once. In either case, data may be captured using a number of shorter runs of
at least 30 s duration.

Determine the steering-wheel angle limits by steady-state driving on a circle, the radius of which gives the
desired steady-state lateral acceleration (see 8.7) at the selected test speed (see 8.6). The recommended
steady-state lateral acceleration is 2 m/s2 or less, as necessary to remain within the range in which the vehicle
exhibits linear properties (see “IMPORTANT” in Clause 4, and ISO/TR 8726). Optionally, higher lateral
accelerations may also be used, provided the vehicle remains in the linear range.

11.2 Data qnalysis

11.2.1 Gengdral

The data prpcessing can be carried out using a multi-channel real-time analyser or a computer with the
appropriate doftware (see ISO/TR 8726).

11.2.2 Preliminary analysis

A spectral analysis shall be made of the steering-wheel angle time history. The‘result shall be displayed as a
graph of the |nput level versus frequency, as shown in Figure B.3.

This graph shall be examined to ensure adequate frequency content. The recommended ratio between

maximum and minimum steering-wheel angle should not be greater than 4:1. If this ratio is greater, the rgsults
may be discarded or, if used, the extent of the ratio shall be recorded in the test report (see Figure B.3).

11.2.3 Further data processing
The data shgll then be processed using appropriate equipment to produce the transfer function amplitud¢ and
phase information together with the coherence fungtion for the following combinations of input and qutput
variables:
— lateral agceleration related to steering-wheel angle;
— yaw velqgcity related to steering-wheel angle.

If data have mot been captured in“@)continuous run, calculate the auto and cross-spectral densities for each run.

The results of individual runs_shall then be averaged. The averaging function used shall be recorded in the test
report (see Ahnex A).

11.3 Data presentation

11.3.1 Genelral

General data shall be presented in accordance with Annex A.

If a curve is fitted to any set of data, the method of curve fitting shall be described in accordance with Annex B.

11.3.2 Frequency response functions
For each pair of input and output variables, the frequency response (i.e. gain and phase-angle functions) shall

be presented on a graph, as shown in Figure B.4. The figure shall be completed with the number and length of
the data sequences, the averaging function, the digitizing rate and the windowing function used.
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The coherence function shall also be presented on the graph (see Figure B.4). This coherence function
quantifies the amount of correlated information in relation to noise present in the data. To obtain close
confidence limits, it is necessary to have high coherence levels and a large number of averages.

12 Pulse input

121

Test procedure

Drive the vehicle at the test speed (see 8.6) in a straight line. Starting from a steady-state condition with yaw

Velo("fy inthe range of + ﬂy’-'s °/c, npply a frinngnlnr waveform efppring_whppl inpuf’ followed h\]/

neutral steering-wheel position.

Use & pulse width of 0,3 s to 2,0 s. Make efforts to minimize the overshoot of the steering‘wheel 3
differences between zero references before and after the steering-wheel input to valies < 5 %

input

Dete
gives
state
exhib

acceleration levels may also be used, provided the vehicle remains in‘the linear range.

Perfa

12.2

12.2.

The
apprq

12.2.

A spectral analysis shall be made.of\the steering-wheel angle time history. The result shall be d

graph
12.2.
The ¢
phas
varia

—

level. The zero reference is the steady-state value before and after the steeringtwheel input
mine the amplitude of the steering-wheel input by steady-state driving on a circle, the raq
the preselected steady-state lateral acceleration at the required test speed. The recomme

lateral acceleration level is 3 m/s2 or less as necessary to remain within the range in whic
its linear properties (see “IMPORTANT” in Clause 4, and ISO/fR 8726). Optionally,

rm at least seven test runs.
Data analysis

1 General

Hata processing can be carried out using_a*multi-channel real-time analyser or a comp
priate software.

P Preliminary analysis

of the input level versus fréquency, as shown in Figure B.3.

B Further data processing
b information together with the coherence function for the following combinations of inpy
Dles:

hteral acceleration related to steering-wheel angle;

awsvelocity related to steering-wheel angle.

3sto5s of

ngle and the
of the peak

lius of which
nded steady-
h the vehicle
igher lateral

Lter with the

splayed as a

lata shall then be“processed using appropriate equipment to produce the transfer function amplitude and

t and output

The t

12.3

ransfer functions of the test runs shall be averaged.

Data presentation

12.3.1 General

General data shall be presented in accordance with Annex A.

Time histories of variables used in data reduction shall be plotted. If a curve is fitted to any set of data, the
method of curve fitting shall be described in the test report in accordance with Annex B.
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12.3.2 Frequency response functions

For each pair of input and output variables, the frequency response (i.e. gain and phase-angle functions) shall
be presented on a graph, as shown in Figure B.4. The graph shall be completed with the number and length
of the data sequences, the averaging function, the digitizing rate and the windowing function used.

The coherence function shall also be presented on the graph (see Figure B.4). This function quantifies the
amount of correlated information in relation to noise present in the data. To obtain close confidence limits, it is

necessary to

13 Contin

have high coherence levels and a large number of averages.

uous sinusoidal input

13.1 Testj

Drive the velicle at the test speed (see 8.6) in a straight line. Starting from a steady-state condition with

velocity in th
Continue ste
response. Th

Increase the
Optionally, th

Determine th

Perform at I¢g

13.2 Data analysis

13.2.1 Ampl
The amplitug

mean value
condition. In

13.2.2 Later

Lateral acce
wheel angle

13.2.3 Yaw

Yaw velocity

e steering-wheel angle amplitude by steady-state driving on*a circle the radius of which givg
desired steadly-state lateral acceleration at the selected test speed.

rocedure

e range of 0,5 °/s, apply sinusoidal steering with a predetermined amplitudeband frequ
ering input for enough cycles to produce at least three consecutive cycles of steady

steering frequency in steps. The test shall cover a minimum frequency range of 0,1 Hz to
e frequency range may also be extended above and below thesg limits.

ast three tests at each frequency.

itude
es of the steering-wheel angle, the/lateral acceleration or the yaw velocity are defined 3

bf the peak amplitudes taken during the manoeuvre when the vehicle is in a periodic steady
no case shall the first period_besused.

al acceleration gain

eration gain shall’bé calculated as the ratio of the lateral acceleration amplitude to the ste
bmplitude, bothtamplitudes being in accordance with 13.2.1.

velocity. gain

gaifi shall be calculated as the ratio of yaw velocity amplitude to the amplitude of the ste

yaw
ency.
state

e amplitude error of the actual waveform compared to the true sine wave shall be less than 5 %
of the amplitiide as defined in 13.2.1.

? Hz.

s the

s the

state

ering-

ering-

wheel angle,

beth amplitudes being in accordance with 13.2.1.

13.2.4 Phas

e angle

Phase angles between the steering-wheel angle and the lateral acceleration or the yaw velocity shall be
determined from the time histories when the vehicle is in a periodic steady-state condition.

16
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13.3 Data presentation

13.3.1 General
General data shall be presented in accordance with Annex A.

Time histories of variables used in data reduction shall be plotted. If a curve is fitted to any set of data, the
method of curve fitting shall be described in accordance with Annex B.

13.3.2 Frequency response functions

For gach pair of input and output variables, mean values and standard deviations of the gain and| phase angle
shall|be presented on a graph as a function of excitation frequency, as shown in Figure B.4x S|milar graphs
showing mean values and confidence intervals should also be made.
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A.1 Towing vehicle

Annex A
(normative)

Test report — General data

A.1.1 Vehicle identification

Make, year, model, type:

Vehicle identification number:

Steering typle:
Engine size
Optional equipment:
Axle 1 (front)

Suspengion type:

Tyres
make:
sizdg:
condition:

Number of wheels:

Track wlidth:

Rim:
Axle 2

Suspenkion type:

Tyres
make:
sizq:
condition:

Numberofwheets:
Track width:
Rim:
Axle 3
Suspension type:

Tyres
make:
size:
condition:

18
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N 10T o= e Y ATV 4 T=T= £
L= (3 S84 (e 1 { o 5 m
Rim:

Axle 4

S]] o =Y 1 1o o TN 47/ <= SRR

Tyres
make:

oo T 11 (o o S SPOUPRPPTRY U ISR
Number of Wheels: e g e e |
Track width: e e T e e m
T T SO

Tyre|pressure

Cold: Axle 1: ............ Axle 2: ..., Axle 3: ... Axle 4 ........... kPa
Hot
after warm-up: Axle 1: ... Axle 2: ..o Axle 3: ..o Axle 4 ........... kPa
after test: Axle 1: ............. Axle 2. Axle 3: ... Axle 4 ........... kPa

Steering ratio (wheel angle/steering angle):

AXIE T e |
AXIE 2N ettt te e nteesneesnee s [eeee e
AXIE 3: e |
AXIE 4 e s [
Distance between axles:
AXIE T=AXIE 2: oo | m
AXIE 2—AXIE 3: .o | m
AXIE B—AXIE 41 ..o e | m
Distance between Axle 1 and front coupling: ... e m
Distance-between-Axledandrearcouphng————————rrrrrr e e m
Height of coupling (with trailer attached to the towing vehicle or the trailer in front): ........ccccoooeeiiiiiiiiinne m

Other data (in particular relevant suspension settings):
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A.1.2 Vehicle loading

Vehicle curb mass:

Axle 1 leftwheel .................... kg + Rightwheel ................. kg S e kg
Axle 2 left wheel(s) ................ kg + Right wheel(s) .............. kg S —— kg
Axle 3 left wheel(s) ................ kg + Rightwheel(s) .............. kg S kg
Axle 4 left wheel(s) ................ kg + Rightwheel(s) .............. kg PO SRRTTTO kg
Total . kg

Loading condlition and l0CatioN: .............coiiiiiiiiiii e e e e e e 0y e e eaes e

Vehicle masg as tested:

Axle 1 lgft wheel .................... kg + Rightwheel ................. kg = ..
Axle 2 Igft wheel(s) ................ kg + Right wheel(s) .............. kg = N
Axle 3 Igft wheel(s) ................ kg + Rightwheel(s) .............. kg = .
Axle 4 Igft wheel(s) ................ kg + Rightwheel(s) .............. kg = ..
Total

Maximum permitted static load on the coupling of the towing vehicle: ...............cccc.......
Centre of gravity height: ... A T

A.1.3 Test|conditions

Test surface |description: ... L e

Weather conditions

BLIE=T 0] 1= LU

WINA VE[OCIY: ... et e e

Reference point for sideslip angle and lateral velocity:

Test method|chosén-for evaluation

IR (=N (15 (=2 (o] 1 F= 11 A

kg
kg
kg
kg
kg

kg

°C

m/s

LI (L= =Y [ T=T g oY Ao (o] 4 g F= 1 OSSR

A.1.4 Test personnel

[0 Y=

()] o<1 A V=T ST

Data @nalySt: ... et bt e b e et e e b b et e e be e e e e s nne e e e anree s

20 © 1S0 2011 — All rights reserved


https://standardsiso.com/api/?name=520b4f838fcbf614425178b364d7aa8f

ISO 14793:2011(E)

A.1.5 General comments

A.2 Semi- or full trailer

A.2.1 Vehicle identification

Make, year, model, type: e N e e
Vehigle number: e e e [
Axle[1 (Front) e T b et e e [
BUSPENSION Y PO. e et re e e e e s e snnrntereeaeees |esnrrrr e e e e e

Tyres
MAKE: e rrrere e e e e s Mee e e e e et e e e e e e e e e e anenneeeaaeeeesannnnnes [2eeeeeannnnneaeaeas
L] 4 O A OO P PP PUPPPPRPPOPPPPRPPTY IAUPPTPPPPPPPPPN
condition: e [

umber of Wheels: B e e [
rack width: R e [ m
12 o P PP OPUPPPOUPURPTOIY UOTPPRPPRRRN
Axle (2
(1] oT=T 4 KT T o 1 4/ 1= N I

Tyres
0T = USSR U
LS4 O PP PP PP PPPPPSPOPPPPPPPTY IPPTPPPPPPPPPN
o0 o 1110 o RS SRSERRN ISR

10 ] o T=T e Y iRV o U=Y= [ TR S
L= (o3 Q8T L |1 o =TT I m

13 1T S

Axle 3
ST U] =Y 1 Te o TN 47/ =SOSR

Tyres
0 F= -SSP
L]~ PSSR
o] o {1177 o R

[\ L0 T 0] o =Y Y i o T=Y=] £ TR
L= (3 (S84 [ 1 { o 5 m

241 1 -2
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Axle 4
Suspen

Tyres

2011(E)

sion type:

make:

size:

con

dition:

Number of wheels:

Trackwidth: e m
RIM: | e e s nnne e snnneeesennes Bt e
Tyre pressuye
Cold: Axle 1: ..o Axle 2: ..o, Axle 3: ... Axterd: ... kPa
Hot
after warm-up: Axle 1: ... Axle 2: ... Axle 3: ... Axle 4: ........ kPa
after test: Axle 1: ............. Axle 2: ... Axle 3: ... Axle 4: ......... kPa
Steering rat|o (wheel angle/steering angle):
AXIE 1o e e [
AXIE 2 e B e e [
AXIE i e e e
AXIE 41 o et e
Distance between axles:
AXIE T=AXIE 2 ... e M
AXIER2FAXIE 3 ... e
AXIE B—AXIE 4 ... e m
Distance befween Axle 1 and-front Coupling: ... e m
Distance between Axle 17and rear COUPIING: ...........ccoooiiiiiiiiiiii e e .. m
Height of colipling (withtrailer attached to the towing vehicle or the trailer in front): ..........cccccoviiiiiiiiiiiieee. e m
Other data (|n particular relevant suspension settings):

22
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