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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
ical standardization.
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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
interactions of these driver-vehicle-environment elements are each complex in themselves. A complete
and accurate description of the behaviour of the road vehicle involves information obtained from a
number of different tests.

the r¢sults of these tests can only be considered significant for a correspondingly $§mall part of the

Sinc}this test method quantifies only one small part of the complete vehicle handling characteristics,
1 dynamic behaviour.

over

Moregpver, insufficient knowledge is available concerning the relationship between overall vehicle
dynaijnic properties and accident avoidance. A substantial amount of work«is necessaiy to acquire
suffigient and reliable data on the correlation between accident avoidance and vehicle dynamic
propdrties in general and the results of these tests in particular. Consequently, any appligation of this
test method for regulation purposes will need proven correlation between test results jand accident
statisftics.
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Passenger cars — Steady-state circular driving behaviour
— Open-loop test methods
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4.1

rincipte

Test methods

Three test methods are specified:

method 1, the constant-radius test method;

— method 2, the constant steering-wheel angle test method;

method 3, the constant-speed test method.

Methods 1 and 2 are presented with two variations and method 3 with three variations. The methods
differ in requirements for testing space, driver skill and instrumentation. Methods 1 and 3 depend upon
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the path-keeping ability of the driver to minimize instrumentation requirements. Method 2 uses fixed
steering-wheel angle and calculates path radius from measures of inertial instruments.

4.2 Equivalence of test methods

The nature of any stable steady-state is independent of the method by which it is achieved. Therefore, to
obtain a desired set of steady-state equilibrium conditions of speed, steering-wheel angle and turning
radius, it is possible to hold any one of them constant, vary the second and measure the third. Thus,
either a constant-radius test method (in which speed is varied and steering-wheel angle is measured),
a constant steering-wheel angle test method (in which speed is varied and radius is calculated from
variables of vehicle motion) or a constant-speed test method (in which radius is varied and steering-

wheel angle

IS either measured or varied and the radius calculated trom variables of vehicle m

btion)

may be used. The conditions that are to be held constant, varied and measured or calculatdd are
summarized|in Table 1.
Table 1 — Test conditions
Test . Measured or (.
method Constant Variable calculated Variation
i With discrete test speeds
1 Radius Speed Steering wheel : : P :
angle With continupus.speed increase
Steer- With discréte test speeds
2 img-wheel Speed Radius ] y ]
apgle With centinuous speed increase
Radius Steering-wheel |y 683 crete turn radii
angle
3 Speed Steering wheel Radi With discrete steering-wheel angles
adius
angle With slowly increasing steering-wheel angle
All three te§t methods will produce equivalent;steady-state results, provided they span the|same
combination|of speed-steer-radius steady-state conditions. Moreover, in principle, an equivalent fo any

of the methg

from another.

EXAMPLE

In practice, h
and radius

angles at diHerent steering angles, etc. Also, the steering system is nonlinear in many vehicles ang

not have a fj
equilibrium
acceleration
angle. Practi

ds can be obtained by cross plotting a series of results from one to produce the r

Taking points at constantspeed from a series of constant-radius tests run on different turn|

owever, results obtdined from tests conducted with different combinations of speed
ay differ due to'differences in road-load throttle, aerodynamics, tyre slip and incliy

xed overallsteering ratio. Gradients obtained using one method at a given steady
ronditiofncan differ from those obtained using another and, whereas in one method 1
is controlled by changing speed, in another it is controlled by changing the steering-
Cal’Considerations such as available size of the test area, tyre heating during long tes

and failure t¢_maintain true steady-state also tend to affect test results.

bsults

radii.

steer
1ation
| does
Fstate
hteral
wheel
[ runs

5 Variables

5.1 Reference system

The provisions given in ISO 15037-1 apply.

5.2 Measurement

Measure the

a)

following variables:

longitudinal velocity, vy.
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b) lateral acceleration, ay;
c) steering-wheel angle, 5.
Alternatively, lateral acceleration may be determined from other motion variables (see 9.2).

NOTE The method chosen to determine lateral acceleration can require the measurement of additional
variables (yaw velocity, vehicle roll angle or sideslip angle) for use in the computation.

The following variables should also be measured:

— yaw velocity, dy/dt;

|
%]

deslip angle, f and/or lateral velocity, vy;

— Igngitudinal acceleration, ay;

|
<

ehicle roll angle, ¢;

2]

feering-wheel torque, My,.

The front steer angle, op, and rear steer angle, 6, may also be measured:

6 Measuring equipment

6.1 |Description

The variables selected for test purposes shall be neasured using appropriate transdugers and the
data fecorded on a multi-channel recording system having a time base. Typical operating ranges and
recommended maximum errors of the transducer and recording system are given in 1SO|15037-1 and
Table|2.

6.2 |Transducer installation

The transducer installation shall.be.in accordance with ISO 15037-1:2019, 5.2.

6.3 [Data processing

The provisions given in\[SO 15037-1:2019, 5.3, apply.

Tjable 2 — Variables, their typical operating ranges and recommended maximur errors

Variable Tvpical operating range Recommended maximum prror of the

yp P g g combined transducer/recorder system
Front-steer angle +20° +0,2°
Rear-steer angle +10° £0,T°

NOTE Increased measurement accuracy can be desirable for computation of some of the characteristic values given in
10.3.

7 Test conditions

Test conditions shall be in accordance with ISO 15037-1:2019, Clause 6. General data on the test vehicle
shall be recorded as specified in ISO 15037-1:2019, 6.4.1. In addition, the tyre type, tyre brand, any
special equipment on the test vehicle, any deviation in type or operating condition of components from
the manufacturer’s specification, the odometer reading at the beginning and end of the test, and any
other condition that could affect test results shall be recorded on the test report for general data (see
ISO 15037-1:2019, Annex A).
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8 Test procedure

8.1 Warm-up

The warm-up shall be carried out in accordance with ISO 15037-1:2019, 7.1.

8.2 Initial driving condition

The conditions shall be in accordance with ISO 15037-1:2019, 7.2.1 and 7.2.3, and with 8.3 to 8.6 as
follows, according to which method and variation is used.

8.3 Generjal test description

All necessary variables shall be recorded throughout the manoeuvre. Data shall be taken' for both left
and right turns. A minimum of three repetitions is recommended.

For tests utilizing discrete increments of speed, radius or steering-wheel angle, all of‘the test dath may
be taken in dne turning direction followed by all the data in the other turning direction, as experience
has shown that this minimizes data scatter. However, to obtain more even tyre:wear and reduced tyre
heating, datd may be taken in alternating turning directions at each test speed/radius/steering-pvheel
angle.

The method fhosen shall be noted on the test report, in the section entest-method-specific data fqr test
conditions (gee ISO 15037-1:2019, Annex B). At a minimum, dataghall be taken at increments of lpteral
acceleration po larger than 0,5 m/s2. Annex C provides general information for the test methods.

NOTE W:rere data vary rapidly with changes in lateral acceleration, it can be useful to decrease the dpeed/
radius/steering-wheel angle increments.

The test shopld be repeated several times so that.the results can be examined for repeatabilitly and
averaged.

Caution shoyld be exercised during testing so_that tyre heating is minimized as much as possiblel Tyre
heating is a particular concern for test methods using continuous speed increase, with attendanft long
periods of dpta acquisition, and for all\test methods at high levels of lateral acceleration. The|tyres
should be copled to normal operating temperatures between test runs.

8.4 Method 1 — Constantradius

8.4.1 Desgription

This test mdthod reqwires driving the test vehicle at several speeds over a circular path of known
radius. The dtandard radius of the path shall be 100 m, but larger and smaller radii may be used} with
40 m as the jeeommended lower value and 30 m as the minimum.

The directional-control response characteristics are determined from data obtained while driving the
vehicle at successively higher speeds on the constant-radius path. This procedure can be conducted in a
relatively small area. The procedure can be adapted to existing test track facilities by selecting a circle
or path of appropriate radius. A constant-radius (in plane) road will often suffice for a test facility.

The constant-radius test exists in two variations. In the first, the vehicle is driven on the circular path
at discrete constant speeds. Data are taken when steady-state is attained. The test can be run on any
level constant-radius path of sufficient length to attain and hold on-radius steady-state for at least a
3 s measurement period. In the second, the vehicle remains on the circle with a continuous, slow speed
increase, during which data are taken.

4 © IS0 2021 - All rights reserved
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8.4.2 Procedure

8.4.2.1 General

First drive the vehicle on the desired circular path at the lowest possible speed. Record data with the
steering-wheel and throttle positions fixed, so that the approximate Ackermann steer angle can be
recorded.

Then drive the vehicle at the next speed at which data are to be taken.

Increase the level of the lateral acceleration and take data until it is no longer possible to maintain
steady=state conditions

8.4.22 With discrete test speeds

Drive|the vehicle onto the circle at each test speed. After attaining steady-state,'ih which the desired
path radius is held within # 0,5 m, the steering wheel and throttle positions.shall be held| constant for
atleapt 3 s.

8.4.2{3 With continuous speed increase

Steadijily increase the speed and record data continuously for«as*long as the vehicle remains on the
desir¢d circular path within + 0,5 m. The maximum rate of increase of lateral acceleratipn should be
0,1 m}/s2/s. The maximum permissible rate of increase of lateral acceleration shall be 0,2 m/s?/s.

8.5 [Method 2 — Constant steering-wheel angle

8.5.1| Description

This test method requires driving the test vehicle at several speeds with a single selecfed steering-
whee| angle that is held fixed. The path-radius is determined by computation: from horizagntal velocity
and ypw velocity, or from horizontal velocity and lateral acceleration. The test exists in two variations:
a series of discrete test runs, or a single continuous test run. In the first, the steering-wheel angle is
applied with the vehicle travellingat discrete speeds, and is maintained until steady-state conditions
are rdgached. In the second, the steering-wheel angle is held fixed while speed is increased [continuously
at a slow rate, up to the limit of control.

The standard steering-wieel angle shall provide a low-speed path radius of 30 m. Other radii may be
used,[with 20 m as the'minimum. For testing to the limit of control with the standard initfal condition,
the path radius can‘increase to 100 m or more.

8.5.2| Procedure

8.5.2]1 ) General

Firstdrive the vehicle at the lowest possible speed to establish the steering-wheel angle for the selected
low-speed path radius.

Then drive the vehicle at successively higher speeds, with the steering-wheel angle held constant or
mechanically fixed within + 1° of the selected steering-wheel angle. Run the test through the desired
range of lateral acceleration, or until the limits of test space, vehicle speed or vehicle stability are
reached.

© IS0 2021 - All rights reserved 5
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th discrete test speeds

At each selected speed, the steering wheel shall be turned to the pre-selected steering-wheel angle
and maintained until steady-state conditions, including speed and throttle, are attained. The steering-
wheel angle and throttle position shall be held constant for at least 3 s.

NOTE

varied, this procedure and the procedure given in 8.5.2.3 are the same.

8.5.2.3 With continuous speed increase

The steering

-wheel angle shall be held constant or mechanically fixed at the pre-selected ste

With the exception that in this procedure the steering-wheel angle is maintained and the speed is

ering-

wheel angle

while the vehicle speed is steadily increased. The maximum rate of increase of.]

acceleration [is 0,1 m/s?/s. The maximum permissible rate of increase of lateral accelerationlsh
0,2 m/s2/s.
8.6 Methqd 3 — Constant speed

8.6.1 Desdription

This test m¢
utilizing a 1
determined

areas, depen
requires a n
to provide 0
should be us
angle metho

The standar
slowly incre3
increments.

8.6.2 Prod

8.6.2.1 Ge

From an ini
magnitude C
the test run.
space, vehicl

NOTE To
throughout th

thod requires driving the test vehicle at one speed on circular paths of different
ange of steering-wheel angles. The directional-control response characteristid
'rom data plotted against lateral acceleration. This testémethod could require larg
ding on the combination of speed and lateral acceleration. The discrete turn radii m
limber of marked circles or circular segments withdifferent radii, sufficient in nu
5 m/s? lateral acceleration increments at the s¢lécted speed. An adjustable steerin
bd, for maintaining constant steering-wheel angles when using the discrete steering-
1.

1 test speed is 100 km/h for discrete‘turn radii and wheel angles and 80 km/h
sing steering wheel angle. If higher or-lower speeds are selected, they shall be in 20

edure

neral

fial constant-speed driving condition, apply steering inputs of successively incrg
ontrol the thréttle smoothly in order to maintain constant speed within 3 % throu
Run the test(through the desired range of lateral acceleration, or until the limits d
e speed oryehicle stability are reached.

avoidprapid changes in throttle inputs, it is possible to choose to keep the throttle co
e test. If so, this is noted in the test report.

hteral
all be

radii,
S are
e test
ethod
mber
b stop
wheel

for a
km/h

asing
ghout
f test

hstant

8.6.2.2 With discrete turn radii

Drive the vehicle onto the circle at the pre-selected speed. After attaining steady-state, the steering
wheel shall be held constant or mechanically fixed within + 1° for at least 3 s.
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8.6.2.3 With discrete steering-wheel angles

With the vehicle being driven at the pre-selected speed, apply a steering input and hold it constant or
mechanically fixed within * 1° for at least 3 s after the measured vehicle motion variables reach steady-
state. Control the throttle in order to maintain constant speed throughout the run.

NOTE It is possible to use the constant-speed test method with discrete steering-wheel angles to extract
transient response measures comparable to those obtained from the step input method of ISO 7401, if the
steering input is applied in accordance with ISO 7401:2011, 10.1. However, since 1SO 7401:2011, 10.1 requires
a fixed throttle position versus the controlled throttle position of the constant-speed test method, there is a
possibility that the resulting measured transient response is not identical to that obtained from ISO 7401:2011,
10.2.

8.6.2/4 With slowly increasing steering-wheel angle

With the vehicle being driven at the pre-selected speed, apply a slowly increasingsteering|input.

The ifpcrease in lateral acceleration should preferably not exceed 2 m/s2/s.

The recommended steering wheel angle rate is 13,5°/s up to a lateralCacceleration of aj
2

5m/¢-.

bproximately

For high-slip manoeuvres (limit conditions) the steering wheel angle rate may be increasegd to 30°/s up

to a maximum of 180°.

The
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and u
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noted

q

9 L

9.1

The s
any t
intery
throt
addit

ctual test speed and steering wheel angle rate used in the test is dependent o
Fements of not exciting the transient response ofcthe vehicle (not too fast), availab
Inrealistic heating of the tire (not too long test time). The user should balance these r
lering the recommendations in this document:The actual parameters used in the t
in the test report.

ata analysis

General

teady-state values for all measured variables shall be established as their average v
me interval of 1 s te~3"S during which the steady-state is maintained. For each {
ral, the limitations onpath radius, steer angle, speed, rate of increase of lateral accele
le position specified in the description of the test procedure being followed shall be
on, for each sélected time interval the standard deviation of lateral acceleration sha

5 % of its mean value.

9.2

Theo}

Lateral acceleration

h conflicting
le test space
Pquirements,
est should be

alues during
elected time
ation and/or
observed. In
11 not exceed

etically, steady-state characteristics should be determined as functions of centripetal

acceleration,

which is measured perpendicular to the path. Traditionally, these characteristics have been expressed as
functions of lateral acceleration, which is measured perpendicular to the intermediate x-axis. At steady-
state, lateral acceleration and centripetal acceleration differ only by the cosine of the sideslip angle. In
most cases, the vehicle sideslip angle is small, so lateral acceleration may generally be considered equal
to centripetal acceleration. Where large values of vehicle sideslip angle are observed, or where greater
accuracy is desired, centripetal acceleration may be corrected to obtain lateral acceleration.

Steady-state centripetal acceleration may be obtained by any one of the following three methods.

a) The product of yaw velocity and horizontal velocity:

de
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b) The square of the horizontal velocity, divided by the path radius:

th
R

c) The product of the square of the yaw velocity and the path radius:

2
(d_l//) XR
dt

The method used to determine lateral acceleration shall be noted in the test report.

9.3 Path rfadius

For the consftant steering-wheel angle test method, path radius Rp (defined in ISO 8855:2011, p.3.3)
may be computed at steady-state from longitudinal velocity, corrected for sideslip ‘angle, divided by
yaw velocity|and corrected for vehicle roll angle.

10 Data eyaluation and presentation of results

10.1 Genernal

General datgd on the test vehicle shall be presented on a summary form using the general datp test
report presented in ISO 15037-1:2019, Annex A. The general tesfconditions shall be presented using the
test conditiohs test report presented in ISO 15037-1:2019, Annex B.

10.2 Plotted results (see also Annex A)
Measured data shall be plotted directly against lateral acceleration on figures as follows:

a) steeringtwheel angle data points for the' constant-radius and constant-speed test methqgds in
Figure Al1;

b) path radjius data points for the constant steering-wheel angle test method in Figure A.2;
c) sideslip angle data points, ifimeasured, in Figure A.3;

d) vehicle rpll angle data peints, if measured, in Figure A.4;

e) steeringtwheel torque data points, if measured, in Figure A.5.

Curves may |be fitted*to the plotted points, either freehand or using one of the many mathematical
routines avalilable¥ The method of curve fitting should be stated. This is particularly recommended
where the proeess involves fitting smooth curves to experimental data for the purpose of evalyating
the gradients. The type of curve and the method of fitting will influence the results obtained.

NOTE Within the context of this document it is not possible to recommend any one way as better than any
other.

10.3 Evaluation of characteristic values

10.3.1 General

There are a number of ways to further process the data presented here. These have been developed
as conventions over many years and the use of each can be justified in its own fashion, for example,
the division of steering-wheel angle data by a nominal overall steering ratio. The following specified
variables represent, therefore, only examples for the evaluation of results, which describe vehicle
steady-state behaviour. Any one of these methods may be used at the option of the user. If this evaluation

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=2aad55760d5273b479a02dbcd00f537d

ISO 4138:2021(E)

is carried out, it will be necessary to determine the overall steering ratio, a method for which is given in
Annex B and shall be followed.

10.3.2 Evaluation of gradients — Differentiation

10.3.2.1 General

A common method of further treating basic experimental data is to derive the gradient of the curve
fitted to the experimental points. The values of gradient thereby obtained are then plotted against the
independent variable (in this case, lateral acceleration) to give a response graph.

mathematical routine. If curve fitting is being done for the purpose of gradient evaluation;|it is strongly
recommended that the latter method be used; otherwise, the repeatability of thessesulting gradients
canngt be guaranteed. In addition, because each resulting curve will be described.by a hathematical
expression, it can be differentiated mathematically to produce the gradient as,a‘continuoys function of
laterdl acceleration.

As l}?nthI’lEd I 10.Z, curves may Dbe Iitted to the experimental data either Ireeh hnd or by da
h

NOTE It has been found that the characteristics of some vehicles have dis¢entinuities in slope,|which are not
easily|dealt with by standard curve fitting and differentiating techniques.

By thlis means, the following derived gradients can be obtained{and plotted as functigns of lateral
accelgration. The gradients are plotted against lateral acegleration using the convention, lateral
accelgration on the abscissa, left turns positive, right turns negative, while the gradients on the ordinate
are plotted using the normal sign convention.

10.3.2.2 Steering-wheel angle gradient

According to ISO 8855:2011, 12.3.1, the steering wheel angle gradient is expressed ap the partial
derivitive of the steering wheel angle with se€spect to the lateral acceleration:

P

day

NOTE This gradient cannot be gomputed from the results obtained using the constant steerinlg-wheel angle
test method if the test is performedusing only one steering-wheel angle.

10.3.2.3 Path curvature gradient

This gradient is expressed as the partial derivative of the path curvature (inverse of the ¢urve radius)
with respect to the'lateral acceleration:

11
41
|R
N

K

NOTE This gradient cannot be computed from the results obtained using the constant-radius test method if
the test is performed using only one turning radius.

10.3.2.4 Sideslip angle gradient

According to ISO 8855:2011, 12.3.5, this gradient is expressed as the partial derivative of the sideslip
angle with respect to the lateral acceleration:

9B

8aY
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10.3.2.5 Roll angle gradient

According to ISO 8855:2011, 12.3.3, this gradient is expressed as the partial derivative of the vehicle
roll angle with respect to the lateral acceleration:

Py
aaY
10.3.2.6 Steering-wheel torque gradient

According to ISO 8855:2011, 12.3.2, this gradient is expressed as the partial derivative of the steering
wheel torqu§with respect to the lateral acceleration:

My,
aaY

10.3.2.7 Stdering-wheel/sideslip angle gradient

This gradienf is expressed by the following formula:
0y
9

While, in th¢ory, the steering-wheel/sideslip angle curve can be produced from the ratio of dqurves
of steering-wheel angle and sideslip angle versus lateral acceleration, this method is likely to l¢ad to
significant efrors. It is preferable to:

— fita curve directly to the steering-wheel angle versus’sideslip angle data and to,

— differentiate it with respect to sideslip angle*te’ produce steering-wheel/sideslip angle gradient
versus sldeslip angle, and then to,

— transform the latter variable into lateral acceleration by using the sideslip angle/lateral acceleration
relationghip of 10.3.2.4.

NOTE1  Thjs curve is believed by sonie experts to relate strongly to the vehicle behaviour as perceived py the
driver, i.e. the|relationship between his/her steering-wheel input and the resulting vehicle sideslip angle.

NOTE 2  Thjs gradient cannot-be computed from the results obtained using the constant steering-whee| angle
test method iffthe test is performed using only one steering-wheel angle.

10.3.3 Normalizatieon,of results — Comparison of results from different vehicles

10.3.3.1 Geperal

Gradients obfained by different methods at a given steady-state equilibrium condition may ditfer. This
is because different test methods control lateral acceleration by different variables (speed, path radius
or steering-wheel angle). Therefore, only data obtained by the same method and at the same speed and
radius steady-state conditions are comparable.

10.3.3.2 Explanation

In any general case of a vehicle making a steady-state turn of given radius, the steer angle required will
consist of two parts: the first part due to the Ackermann effect, which for a given radius is proportional
to the wheelbase, and the second part due to the handling characteristics of the vehicle. In addition,
the steering-wheel angle corresponding to the required steer angle will depend on the overall steering
ratio.

10 © IS0 2021 - All rights reserved
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there are three quantities to be taken account of in the general case:

a) wheelbase, [;

b) overall steering ratio, ig;

c)

steering-wheel angle gradient, 08y /day .

The units of the steering-wheel angle gradient will be degrees per m/s? and, by convention, a vehicle
with zero steering-wheel angle gradient — that is to say one which needs no movement of its steering
wheel when changing speed on a curve of constant radius — is defined as a neutral-steer vehicle. The
steering-wheel angle of a neutral-steer vehicle becomes a function only of turning radius, steering ratio

and W

Thes
of the

The
diffen
meas

Comp
steer
steer

In thi
same
on th
zero |
obtai

10.3.

10.3.

In lig

propd
be an
norm

10.3.

This 1
meas

neelbase.

reering-wheel angle gradient of any vehicle can be normalized by dividing the meastr
actual vehicle by the product of its wheelbase and steering ratio.

ractical benefits of doing this are that the steering-wheel angle gradient of vehic
ent sizes and steering ratios can be compared analytically by ceniparing theiy
ired responses.

ng-wheel angle gradient because they also contain the effects of differences in w}
ng ratio.

as the product of the test radius and the steering-wheel angle, in radians, required 3
ht radius. This steering-wheel angle is the intetcept of the curve shown in Figure
ateral acceleration line and thus the value of the product of steering ratio and whee
hed without direct measurement.

i Normalized steady-state properties

1.1 General

ht of the explanation given'in 10.3.3.2, it is now possible to define normalized
rties that correspond to the non-normalized ones of 10.3.2. However, there does 1
y significance in normalized sideslip angle, roll angle or torque gradients, and th
hlized equivalents efsteering-wheel/sideslip angle gradient are described.

1.2 Normalization with respect to steering ratio

echnique, is useful for comparing results from vehicles of similar wheelbase. The p
iring;the steering ratio is given in Annex B.

a) Understeer gradient

ed responses

es of widely
normalized

arison of measurements that have not been normalized willynot clearly show djifferences in

heelbase and

5 particular procedure the numerical value of the product of wheelbase and steering ratio is the

it zero speed
A.1 with the
Ibase can be

steady-state
ot appear to
erefore only

rocedure for

This gradient is determined by dividing the steering-wheel angle gradient by the steering ratio and
subtracting the dynamic reference steer angle gradient:

96y 108

d

ay iS aaY

In a constant-radius test (see 8.4), the dynamic reference steer angle gradient is zero, so the formula
can be written as:

%y

d

1

ay g
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b)

10.3.4.3 Normalization with respect to wheelbase — Stability factor

Whereas, in a constant steering-wheel angle test (see 8.5), the steering-wheel angle gradient is not
defined, and understeer can be found most directly from the path curvature gradient (see 10.3.2.3),
as the product of the wheelbase and the path curvature gradient:

51
I><—R

day
Understeer/sideslip gradient

This gradient is determined by dividing the steering-wheel/sideslip angle gradient (see 10.3.2.7)
by the steeringratio:

96 1
B g

This technique yields response values that can be used to compare vehicles gfwidely different|sizes.

See ISO 88545.

The stability|factor is determined by dividing the understeer gradient by.the wheelbase.

10.3.4.4 Normalization with respect to sideslip angle gradient== Directional coefficient

The directional coefficient is determined by dividing the stability factor by the sideslip angle gradient.

See ISO 8855.

12
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Annex A
(normative)

Presentation of results

The characteristic values of the vehicle dynamic reaction shall be presented as functions of steady-
state lateral acceleration, in accordance with Figures A.1 to A.5.
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Figure A.1 — Steering-wheel angle characteristic values
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Figure A.2 — Path radius characteristic values
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Figure A.3 — Sideslip angle characteristic values
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