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Introduction

ISO 12021-1:1996(E)

The dynamic behaviour of road vehicles is a most important-p
vehicle safety. Any given vehicle, together with its driver and th
environment, forms a unique closed-loop system. The, task o
dynamic behaviour is therefore very difficult because _of the s
teraction of the driver, vehicle and road elements, gach of whig
complex. A complete and accurate description of the behaviou
vehicle must necessarily involve information~obtained from 3
tests of different types.

The results of the test described in this-part of ISO 12021 qu
small part of the whole handling field. Hence, the results of a
considered significant only for a,correspondingly small part o
dynamic behaviour.

Moreover, insufficient knowledge is available concerning the
between accident risk and'the dynamic characteristics evalu
test described in this part of ISO 12021. A substantial amoun
necessary to acquire“sufficient and reliable data on the co
tween accident risk and the characteristics of vehicle dynamid
and the results @f this test in particular.

Therefore, (ib is not possible to use this method and test resu
lation purposes at present. The best that can be expected is th
tivity.~to lateral wind test is used as one among many o
transient tests, which together cover the field of vehig
behaviour.
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Road vehicles — Sensitivity to lateral wind —

Part 1:
Open-

1 Scope

This part of ISO 12021 specifies an open-loop test
method to determine the sensitivity to lateral wind of
a vehicle by means of a wind generator. It applies to
passenger cars as defined in ISO 3833, passenger
car-trailer combinations and light trucks. Its applica-
bility to[motorcycles is yet to be investigated.

The tedt conditions specified in this test method are
not representative of real driving conditions but are
useful to obtain measures of vehicle dynamic re<
sponse|to lateral wind.

NOTE 1| The test conditions in this test methodtdo not
simulatg natural wind conditions. However, the\wind vel-
ocity proposed here is representative of fairly.severe wind
conditiops occurring naturally.

2 Normative references

The following standafds~contain provisions which,
through reference intthis text, constitute provisions of
this part of ISO 12021. At the time of publication, the
editiong indicatédwvere valid. All standards are subject
to revidion,, and parties to agreements based on this
part of [ISON\12021 are encouraged to investigate the
possibility-of applying the most recent editions of the

oop test method using wind generator input

3 Principle

The purpose of. this test method is to @
hicle sensitivity to lateral wind by whic
motion is-djsturbed.

This<method requires the measurement
haviour under a lateral wind condition. TH

etermine ve-
n the vehicle

bf vehicle be-
e vehicle be-

haviour can be characterized by several nieasures.

In this test method the vehicle is initially
a straight path and its response to a crd
of a wind generator is then measured.

wheel is held fixed during most of the tes

Two methods for finding the lateral devi
posed

— adirect method by means of direct 1
or with a dye-trail left on the road sur

— an indirect method by means of a
from on-board-measured vehicle mof

4 Reference system

The variables of motion used to describe
lateral wind on course holding and direq
jour of the vehicle relate to the intermed

driven along
sswind input
The steering-
1.

ption are pro-

neasurement
face, and

computation
ions.

the effect of
tional behav-
iate axis sys-

tam (X V 72\ ac Aafinad i~ 1O QOFE
teH S-GeHReaH T

standards indicated below. Members of IEC and ISO
maintain registers of currently valid International Stan-
dards.

ISO 1176:1990, Road vehicles — Masses — Vocabu-
lary and codes.

ISO 3833:1977, Road vehicles — Types — Terms and
definitions.

ISO 8855:1991, Road vehicles — Vehicle dynamics
and road-holding ability — Vocabulary.

"oy ey =7~ OO OOT

5 Variables

The following variables corresponding to the terms
and definitions of ISO 8855 shall be measured:

— yaw velocity, y;
— lateral acceleration, ay;

— steering-wheel angle, éy;
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— longitudinal velocity, vy,

It is optional to measure the additional variables:
— lateral deviation, y;

— roll angle, ¢,

— sideslip angle, B;

— lateral velocity, vy.

The variables listed in this clause are not intended to

© SO

6.2 Transducer installation

The transducers shall be installed according to the
manufacturer's instructions, where such instructions
exist, so that the variables corresponding to the terms
and definitions of ISO 8855 can be determined.

If the transducer does not measure the variable di-
rectly, appropriate transformations into the reference
system shall be carried out.

6.2.1 Lateral deviation

comprise a gomplete list.

6 Measuring equipment

6.1 Descrjption

The variablds selected from those listed in clause 5
shall be measured by means of appropriate trans-
ducers. Th%Ir time histories shall be recorded on a
multi-channgl recorder having a time base. This is not
obligatory fgr lateral deviation, which can be measured
directly aftef the test has been completed.

The typical pperating ranges of the variables and rec-
ommended |[maximum errors of the combined trans-
ducers and the recording system are shown in table 1.

ThU :GtCICI: dUV;Ot;UII IIICIY bU IIIUGDUlUd Ulthcl y dlreCt
measurement using appropriate instrumentatjon or by
means of a dye-trail, or by means of acomputational
method (see 10.5). The dye-trail shall.be made on the
test track by means of a water jet. The water outlet
should be 0,02 m above the track surface. Elastic tube
may be used to extend this outlet.

The water jet should be~positioned as close [as poss-
ible to the z-axis of the~intermediate axis system. If
this is not the case,\a” correction can be applied to
achieve values within the tolerance for latefal accel-
eration.

6.3 Data.processing

The frequency range relevant to this test is petween
0 Hz and the maximum utilized frequency fimak = 5 Hz.
According to the chosen data processing |method,
analog or digital data processing, the stipulatigns given
in 6.3.1 or 6.3.2 shall be observed.

Table 1 +Typical operating ranges of the-variables and recommended maximum errors of transducers

and recording system

Recommended maximum 'rrror
Variable Range of variable of the combined transducers and
recording system
Yaw velocit -10°s to + 10°/s +0,1°%s
Lateral accdleration -5m/s2to + 5 m/s? + 0,05 m/s?
Steering-wHeel angle —30°to + 30° *) + 1°, but resolution < 0,3°
Longitudinal velocity 0 m/s to 40 m/s +0,4 m/s
Lateral devigition +0,02m
Roll angle -10°to + 10° +0,1°
Sideslip andle =520 4 B° +0.2°
Lateral velocity -10m/sto+ 10 m/s +0,4 m/s

NOTES

shall be stated in the test report (see annex A).

1 These values are tentative and provisional until more data are available.

2 Transducers for some of the listed variables are not widely available and are not in general use. Many such instruments
are developed by users. If any system error exceeds the recommended maximum value, this and the actual maximum error

*) Assuming a conventional steering system
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6.3.1 Analog data processing

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

Low-pass filters with order four or higher shall be
employed to filter the signals. The width of the pass-
band frequency f; at — 3 dB shall not be less than
8 Hz. Amplitude errors shall be less than £ 0,5 % in
the relevant frequency range of 0 Hz to 5 Hz. All ana-
log signals shall be processed with filters having suf-
ficiently similar phase characteristics to ensure that
time delay differences due to filtering shall lie within

ISO 12021-1:1996(E)

ensure that time delay differences lie within the re-
quired accuracy for time measurements.

Additional filtering shall be avoided in the data acqui-
sition string.

Amplification of the signal shall be such that, in re-

lation to the digitizing process, the additional error is
less than 0,2 %.

6.3.2.2 Digitizing

the requjred accuracy 1or time measurement.

NOTE 2 [During analog filtering of signals with different
frequency contents, phase shifts can occur. Therefore a
data prodessing method, as described in 6.3.2, is prefer-
able.

6.3.2 Dijgital data processing
6.3.2.1 [Preparation of analog signals

In order|to avoid aliasing, the analog signals shall be
filtered g¢orrespondingly before digitizing. In this case
low-pasq filters with order four or higher shall be em-
ployed. |The width of passband frequency (fy at
— 3 dB) ghall be:

Jo= g Jmax

The amplitude error of the anti-aliasing filter shall not
exceed 0,5 % in the usable frequency range. All
analog s|gnals shall be processed with anti-aliasing_fil-
ters hav|ng sufficient similar phase characteristics to

The-samptingratefsshattbeatteasttwice the highest
frequency after filtering. In practice th@|sample fre-
quency is usually chosen to be appropriate to the or-
der of the filters used and to the-resolution of the
digitizing process (see note 3).

NOTE 3 As examples, f; =y for four pole¢ butterworth
filters and f; = 3,8 f; for eight pole butterworth filters, both
at 12 bits resolution.

6.3.2.3 Digital‘filtering

For the filteting of sampled data in the dath evaluation,
phaseless (zero phase shift) digital filters ghall be used
with the following characteristics (see figure 1):

—=, passband range, = 0 Hz to = 5 Hz;
— start of stopband, = 10 Hz and < 15 Hz;

— filter gain in the passband, 1 + 0,005
(100 % = 0,5 %);

— filter gain in the stopband, < 0,01 (< 1 %).

wn
o
S
£ S
o
b 1 n\/"u"\f"\/
i._f
Passband Stopband
L S
o
o S\N\N\N\
0 S 10 to 15

Frequency, Hz

Figure 1 — Required characteristics of phaseless digital filters


https://standardsiso.com/api/?name=77d812a0acebea86f9d1aa1e34d12d78

1ISO 12021-1:1996(E)

7 Test conditions

Limits and specifications for the ambient wind and
vehicle test conditions are established in 7.1 to 7.3,
and shall be maintained during the test. Any devi-
ations shall be specified in the test report (see
annex A), including individual diagrams for the pres-
entation of results (see annex B).

7.1 Test track

All tests shall be carried out on a uniform hard road

© iSO

not exceed 3 m/s regardless of the wind direction.
The standard test condition of a dry road surface
should be used. However, a wet road with no measur-
able water depth may be used.

Weather conditions shall be recorded in the test re-
port (see annex A).

7.3 Test vehicle

surface whichis fresof contamimants. 1 he gradiert,
as measurgd over the full width of the track in the lat-
eral directign and over a distance of at least 50 m in
the longitudinal direction, shall be < 2,5 %.

It is recommended that the track has either a smooth
surface (asphalt or concrete) or a high friction surface.

The test slirface shall be at least 5 m wide, from at
least 100 np before to 100 m after the wind zone (see
figure 2). The width of the track after the wind zone
shall be at east 7 m.

Increased fun-off area should be provided in addition
to the spedified test surface.

7.3.1 Tyres

It is recommended that new tyres.are fittgd on the

test vehicle in the approriate position. The

shall be

run in for at least 150 km on thestest vehicle without

excessively harsh use, for example braking,

accelerat-

ing, cornering, hitting the kerb, etc. They shall have a

tread depth of at least,90 % of the original

value and

shall have been manufaetured not more thar] one year

before the tests.

The tests maycalso be performed with tyres in any

state of wear/providing that at the end of

the tests

they retains a minimum of 1,5 mm of trdad depth

across.the whole tread breadth and around

he whole

7.2 Wea

ther conditions

During the| time frame of the experiment, ambient
wind veloc|ty should be as low as possible, and shall

circumference of the tyre.

NOTE 4 Tread breadth is the width of that part qf the tread
which, with the tyre correctly inflated, contacts fhe road in
normal straight line driving.

Trajectory

Reference line

Datum course line

Wwind generators

xo is the start of the wind zone, defined as the intersection of the leading edge of the wind generator and

the datum course line

x4 is the distance corresponding to 2 s of travel at the test speed after the start of the wind zone xq

Figure 2 — Test track layout
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Tyres shall be inflated to the pressure as specified by
the vehicle manufacturer for the test vehicle con-
figuration. The tolerance for setting the cold inflation
pressure is + 5 kPa 1) for pressures up to 250 kPa and
+ 2 % for pressures above 250 kPa.

NOTE 5 In certain cases the tread depth has a significant
influence on test results and it should be taken into account
when making comparisons between vehicles or between
tyres.

7.3.2 Operating components

1ISO 12021-1:1996(E)

8 Wind generators

Lateral wind shall be generated by wind generators
which produce an average wind velocity of 20 m/s

+3 m/s (for an ambient wind condition
The average shall be calculated over the
wind zone on the datum course line (see

of <1 m/s).
length of the
figure 2) and

over the height of the test vehicle. As a further speci-

fication of the wind input, the nomina

| wind angle

relative to the datum course line and graphs of the
wind velocity profiles over the length and over the
height of the wind zone shall be presented in the test
report (see annex A). The nominal length of the wind

All operafing components TIKely 10 miluence the re-
sults of this test (for example shock absorbers,
springs [and other suspension components) shall be
inspectgd to ensure that they meet the manufac-
turer's gpecifications and shall be properly adjusted
and sequred. The results of these inspections and
measurg¢ments shall be recorded and any deviation
from thé manufacturer's specifications shall be noted
in the tdst report (see annex A).

7.3.3 V\ehicle loading conditions

Tests shall be carried out at the minimum loading
condition and at the maximum loading condition de-
fined bdlow. Tests may be carried out at other loading
conditions of interest.

The makimum authorized total mass (Code: ISO-M08)
and the maximum authorized axle load (Code:
ISO-M1B), both defined by ISO 1176:1990, items 4.8
and 4.138, shall not be exceeded.

Care sHall be taken to generate the minimum-devi-
ation infthe location of the centre of gravity"and in the
values ¢f the moments of inertia as compared to the
loading |conditions of the vehicle in_nermal use. The
resulting wheel loads shall be determined and re-
corded |n the test report (see anexA).

7.3.3.1 | Minimum loading condition

For thel minimum loading condition, the total vehicle
mass shall consist ©f‘the complete vehicle kerb mass
(Code: |SO-MO06B) plus the masses of the driver and
the instrumentation. The complete vehicle kerb mass
is defined by(1SO 1176:1990, item 4.6. The mass of
the driver-and the instrumentation should not exceed
150 kg.

zone, usually composed of a series of

wind gener-

ators, shall not be less than 15 m aqa-should prefer-
ably be more than 25 m. The nominal length of the
wind zone shall be noted in thejtést repoft (see annex

A).

9 Test procedure

9.1 Tyreawarm-up

Prior to{the tests, the tyres shall be warmed by driving
at the test speed over a distance of at lealst 10 km.

9.2 Test speed

The test speed is defined as the nomina
longitudinal velocity. The standard te
100 km/h. Other test speeds of interest
(preferably in 20 km/h steps).

value of the
st speed is
may be used

For each test run, the longitudinal velgcity shall be

within a tolerance of + 2 km/h before th

b start of the

wind zone xg. After that point the accglerator pedal

shall be held fixed.

9.3 Steering

Test runs shall be made by driving the
test speed along a straight path, the g

ehicle at the
atum course

line. When approaching the wind zone,
rections are permitted to enable the ve
tain the datum course line but the steeri
be held fixed from 40 m before the star

steering cor-
icle to main-
g-wheel shall
of the wind

7.3.3.2 Maximum loading condition
For the maximum loading condition the total mass

shall be equal to the maximum authorized total mass
(Code: ISO-M08).

1) 1 kPa=102bar = 103 N/m?

ZONE (See 1igure 27 10 at teast @ distance correspond-
ing to 2 s of travel at the test speed after the start of

the wind zone (x,).

The maximum deviation of the steering-wheel angle
from its average value shall be less than 2°, until the

vehicle has passed point x,.
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As the quality of the test run can be improved by
making use of subsidiary equipment to fix the

steering-wh

eel, such equipment should be used.

9.4 Number of test runs

A minimum

of five test runs shall be carried out.

9.5 Measuring points of lateral position us-
ing the dye-trail method

If the lateral deviation, i.e. the lateral position shift due

© SO

NOTE 7 At present the on-board type of transducer for
measuring vehicle position is neither widely available nor in
general use; therefore, it should be decided by the observer
whether or not each test run might be within the permiss-
ible range.

10 Data analysis

10.1 General

The results shall be presented either as peak values or
as pulse values (see figure 3). If peak values are to be

to lateral w
the dye-trai
shall be me
before the
tance corre

lld (bUB AIOS‘I), ib Illedbulbd ’Uy rreario Uf
method, four points of the lateral position
asured (see figure 2): 40 m, 20 m, and 0 m
start of the wind zone (xg), and at a dis-
sponding to 2 s of travel at the test speed

after the sftart of the wind zone (x;). Intermediate

points may

NOTE 6 Thg
dye-trail left

9.6 Data
method

To minimiz

be measured if desired.

b lateral position can be measured through the
n the road surface.

excluded from the computation

e the initial condition error in the com-

putation mgthod, results of test runs that have lateral

USed, consideration shall be given to the bangwidth of
the measurement system. A small bandwidth is rec-
ommended.

10.2 Yaw velocity and lateral acceleration

The yaw velocity and the lateral acceleration shall be
presented as specified in annex B.

If required, the pulse_values of the yaw velpcity and
lateral acceleration¢shdll be calculated as follpws. This
pulse value is defined as the average signal jevel dur-
ing the time that the signal exceeds 50 % of|the peak
value (see figure 3).

First define the time of the maximum output, fpeak,

position shift greater than 0,2 m 2 between the points and the initial peak value using the signal rero (see
of 40 m anld 0 m before the start of the wind zone figure’3) as the initial reference value. Time {4, shall in-
shall be exdluded. itially be defined as the time when the signal
o -
2
S 100 % -
o
(1]
&
s L
4
@
50 %
A
15 %
N Reference value
AU A N\ N
0% ~S
VR V4 ~N_ S \/ NN N
to N hd
T Signal zero
1 1 1 1 L J

Area A

Time - Pulse value

Time (s)

Figure 3 — Definition of pulse value (a response variable)

2) In the computational method the initial condition greatly affects the final result. A lateral position shift of 0,2 m between
the points of 40 m and 0 m before the start of the wind zone is a permissible error.
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becomes smaller than 0,15 times the peak value,
looking back in time. Since the steering-wheel shall be
held fixed from 40 m before the start of the wind zone
(see figure 2), the reference value of the output signal
shall be calculated as the mean from 0,2 s after that
point (r_4q) to 0,2 s before 1. Note that t_,q depends
on the longitudinal velocity; it may however be calcu-
lated using the test speed.

Using this reference value the following are calculated
iteratively:

— the peak value;

ISO 12021-1:1996(E)

10.3.2 Computation method

From the recorded data of lateral acceleration, yaw
velocity and longitudinal velocity, the lateral deviation
at 2 s after the start of the wind zone can be obtained
using the following equations:

w=f!i/dt
ﬁ=j(%—¢)dt

— tO;
— a new reference value;

until the| difference between two successive refer-
ence valjyes becomes smaller than 0,5 % of the peak
value. The final peak value and the pulse value shall be
calculatedl using the final reference value.

If optional quantities are measured, the peak or the
pulse valties of those signals shall be calculated also.

10.3 L3ateral deviation

The laterpl deviation may be determined by either the
direct mpasurement of the dye-trail or the compu-
tation mgthod.

10.3.1 Dye-trail method

The latefal deviation in the dye-trail methed-is ob-
tained frgm the dye trace left on the road surface. It is
characteflized by the lateral deviation at the point x,,
correspopding to 2 s after the start ofithe wind zone.
This latefjal deviation shall be obtained as the perpen-
dicular difference between the dye-trail and the refer-
ence line} defined below.

The refefence line shall be-the regression line calcu-
lated using the threemeasuring points before and
including|the start ofithe wind zone.

y= J'[vx -sin(wﬂ)]dt:j[vx (v + B)]el

where

v is the yaw velocity;

ay s the lateral aceeleration;
y is the yaw angle;

B is the sideslip angle;

vy is thelongitudinal velocity;
y isdhée’lateral deviation.

In thecomputation method the referencg line is as-
sumed to be nominally a straight lingl along the
centreline of the road. Alternatively a dyettrail should
be used to obtain a reference line as defingd in 10.3.1.

11 Data presentation

General data shall be presented in the teqt report de-
scribed in annex A.

Time histories of all variables listed in dlause 5 for
each trial shall be plotted as shown in annex B,
figure B.1.

If tests are carried out for several test spepds, charac-
teristics shall be plotted as in annex B, figure B.2.
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Vehicle idel'\tification:

Vehicle logding:

Test conqitions:

© ISO
Annex A
(normative)
Test report — General data
Make, year, model, type: el L
Vehicle identification number: e
Steering type: e N T
Suspension type — Front: e N
— Rear: e S
Engine size, optional equipment: N cm3
Tyres: make, size, condition: e e
Tyre pressure Front Rear
—Cold: i o kPa ... kPa
— Hot, after warm-up (if measured):  ............c.. 6 N kPa o kPa
— Hot, after test (if measured): ... 00 kPa kPa
Rims: e e
Wheelbase: AN m
Track — Front: L e m
— Rear: A e e m
Projected frontal area: =~ 4 e e m?2
Other data (in particular, relevant
SUSPENSION SEtiNGS) L\ e e
Left Right Sum
Vehicle kerb\mass: Front:........... kg Front:........... kg oo kg
Rear: ............ kg Rear:............ kg oo kg
Total |.......... kg
Leading condition and location: e e
Vehicle mass Front: .......... kg Front:.......... kg o kg
as tested:
Rear:........... kg Rear:........... kg e kg
Total .|.......... kg
Testspeed: e km/h
Nominal length Of the WINA ZONE: ettt seneneneeenes m
Nominal wind velocity: m/s
Nominal wind angle relative to the
datum course line: °
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