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Foreword

committees. Each member body interested in a subject for which a technical committe
the right to be represented on that committee. International organizations, governmen
liaison with 1SO, also take part in the work. 1ISO collaborates closely with the Int
Commission (IEC) on all matters of electrotechnical standardization.

on-governmental, in

ISO shall not be held responsible for identifying any or all such patentrights.

ISO 4138 was prepared by Technical Committee ISO/TC 22, Road vehigles, Subcommittee SC 9, Vehicle

dynamics and road-holding ability.

This fourth edition cancels and replaces the third editiort (ISO 4138:2004) which has been technically revised.
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Introduction

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

The dynamic behaviour of a road vehicle is a very important aspect of active veh
together with its driver and the prevailing environment, constitutes a closed-loop sys

afety Any given vehicle,

Moreover, insufficient knowledge is available concerning the
properties and accident avoidance. A substantial amount of work |
on the correlation between accident avoidance and vehicle dyna
tests in particular. Consequently, any application of this test method for reg
correlation between test results and accident statistics.

ssary to acquwe sufficient and reliable data
i 3 general and the results of these
ation purposes will require proven

&
X
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DRAFT INTERNATIONAL STANDARD ISO/DIS 4138

Passenger cars — Steady-state circular driving behavi
Open-loop test methods

1 Scope

This International Standard specifies open-loop test methods for deter
behaviour of passenger cars as defined in 1ISO 3833 and of light trucks, s
comprising vehicle dynamics and road-holding properties. The open-loop manoeuvres)included in these methods
are not representative of real driving conditions, but are nevertheless usef taining measures of vehicle
steady-state behaviour resulting from several specific types ol inputs under closely controlled test
conditions.

2 Normative references

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

ISO 1176:1990 Road vehicles — Masses ry and codes
ISO 2416:1992 Passenger cars — Mass distribution

ISO 3833:1977 Road vehicles — T, erms and definitions
ISO 8855:1991 Road vehicles —

icle’dynamics and road-holding ability — Vocabulary

ISO 15037-1:2006 Road vehicles — Vehicle-dyn
cars

amics test methods — Part 1: General conditions for passenger

3 Terms and definition

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

3.1
low-speed pat
radius of the cireular p transcribed by the origin of the vehicle axis system when the vehicle is operated at
iven fixed steering-wheel angle and with approximately zero lateral acceleration

© 1SO 2008 — All rights reserved 1
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4 Principle

4.1 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.

Each method is presented with two variations and differs in requirement ling spa driver skill, and

instrumentation. Methods 1 and 3 depend upon the path-keeping ability of 1 inimise instrumentation
measures of inertial

instruments.

4.2 Equivalence of test methods

The nature of any stable steady state is independent of the metho
desired set of steady-state equilibrium conditions of speed, steering-wheel
hold any one of them constant, vary a second, and measure the third. T 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 ejther measured or varied and the radius calculated from
variables of vehicle motion) may be used. The conditions that are to be held constant, varied, and measured or
calculated are summarised in Table 1.

hieved. Therefore, to obtain a
and turn radius, it is possible to

Table 1 —Test c itions

Test method Constant Varied Measured or
calculated
Constant radius Radius Speed Steering-wheel angle
Constant steering-wheel angle Wg-wheel angle Speed Radius
Constant speed with discrete turn radii Speed Radius Steering-wheel angle
Constant speed with discret ing- — Speed Steering-wheel Radius
wheel angles angle

All three test methods will produce eguivalent steady-state results, provided they span the same combination of
speed-steer-radius steady-state conditions. Moreover, in principle, an equivalent to any of the methods can be
obtained by cross plottj series of results from one to produce the results from another.

At
c

EXAMPLE Takingp at constant-speed from a series of constant-radius tests run on different turn radii.

In practice, however, resuits ohtained from tests conducted with different combinations of speed, steer, and radius
may differ duetodifferences in‘road-load throttle, aerodynamics, tyre slip and inclination angles at different steering

2 © 1SO 2008 — All rights reserved
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5 Variables

5.1 Reference system

The provisions given in ISO 15037-1 shall apply.

5.2 Measurement

Measure the following variables:
a) longitudinal velocity (v,).

b) lateral acceleration (ay);

c) steering-wheel angle (oy);

Alternatively, lateral acceleration may be determined from other moti

NOTE The method chosen to determine lateral acceleration could 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/d?);

— sideslip angle (8) and/or lateral velocity (w);

— longitudinal acceleration (ay);

— vehicle roll angle (¢v);

— steering-wheel torque (My).

In addition, front steer angle (d¢) and rea angle (6r) may be measured.

6 Measuring equipme

6.1 Description

oses shall be measured using appropriate transducers, and the data recorded

The variables selected for test purp

© 1SO 2008 — All rights reserved 3
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Table 2 — Variables, their typical operating ranges and recommended maximum errors

Variable Typical operating range Recommended maximum error
yp P grang of the combine
transducer/record m
Front steer angle + 20° +0,2° \
Rear steer angle +10° +0,1°
Steering-wheel torque +30Nem +0 %@\\
NOTE Increased measurement accuracy could be desirable for computatn% of of’ the
characteristic values given in 10.3.

7 Test conditions

Test conditions shall be in accordance with ISO 15037-1:2006, Clause 5. General data on the test vehicle shall be

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 may affect test results shall also be recorded on the test report for general data (see 1ISO
15037-1:2006, Annex A).

8 Test procedure

8.1 Warm-up

The warm-up shall be carried out in accor O 15037-1:2006, 6.1.

8.2 Initial driving condition

The conditions shall be in accordance with 15037-1:2006, 6.2.1 and 6.2.3, and the following (8.3 to 8.6), according

to which of the three methods a variations is used.

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

4 © 1SO 2008 — All rights reserved



ISO/DIS 4138

Caution should be exercised during testing so that tyre heating is minimized as much as possible. Tyre heating is a
particular concern for test methods using continuous speed increase, with attendant long periods of data
acquisition, and for all test methods at high levels of lateral acceleration. The tyres should be cooled to normal
operating temperatures between test runs.

8.4 Method 1 - Constant-radius

8.4.1 Description

This test method requires driving the test vehicle at several speeds over a circula
standard radius of the path shall be 100 m, but larger and smaller radii may.be Uu
recommended lower value and 30 m as the minimum.

path of sufficient length to attain and hold on-radius steady state’ for ai ' & 3 s measurement period. In the
second, the vehicle remains on the circle with a continuous, slow speed incr , during which data are taken.

8.4.2 Procedure

8.4.2.0 General

First, drive the vehicle on the desired circular
wheel and throttle positions fixed, so that the approximat

lowest possible speed. Record data with the steering-
rmann steer angle can be recorded.

hich data are to be taken. Increase the level of the lateral acceleration
maintain steady-state conditions.

Then, drive the vehicle at the next speed
and take data until it is no longer possibl

8.4.2.1  With discrete test speeds

Drive the vehicle onto the circle at each test sp After attaining steady state, in which the desired path radius is
held within £ 0,5 m, the steering wheel and throttle positions shall be held constant for at least 3 s.

path within £ 0,5 m.
permissible rate of i

speeds, anthis majntained until steady-state conditions are reached. 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.

© 1SO 2008 — All rights reserved 5
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The standard steering-wheel 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 initial condition the path radius can
increase to 100 m or more.

8.5.2 Procedure

8.5.2.0 General

First, drive the vehicle at the lowest possible speed to establish the steering-wheel ang
path radius.

ar the selected low-speed

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

8.5.2.1  With discrete test speeds

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

e-selected steering-wheel angle and
tained. The steering-wheel angle and

NOTE This procedure is the same as that of 8.5.2.2, except that steering-wheel is maintained and speed is varied.

8.5.2.2  With continuous speed increase

The steering-wheel angle shall be held constant or me
while the vehicle speed is steadily increased. The maxi
The maximum permissible rate of increase of lateral a

chanically fixed at the pre-selected steering-wheel angle
um rate of increase of lateral acceleration is 0,1 m/s?/s.
ation shall be 0,2 m/s?/s.

8.6 Method 3 - Constant-speed

8.6.1 Description

This test method requires driving the test vehici€ at one speed on circular paths of different radii, utilising a range of
steering-wheel angles. The directional-control respanse characteristics are determined from data plotted against
lateral acceleration. This test method could require-large test areas, depending on the combination of speed and
lateral acceleration. The discrete-turn radii method requires a number of marked circles or circular segments with
different radii, sufficient in numk 0,5 m/s? lateral acceleration increments at the selected speed. An

er—to_provid
adjustable steering stop should . C dintaining constant steering-wheel angles in the discrete steering-
wheel angle method.

The standard test speed.i

L00 km/h. IRhigher or lower speeds are selected, they shall be in 20 km/h increments.

8.6.2 Procedure

8.6.2.0 General

From an initia ed’ driving condition, apply steering inputs of successively increasing magnitude and
hold the ox_mechanically fixed within + 1° for 3 s after the measured vehicle motion variables reach
steady state. Controlthe throttle in order to maintain constant speed within 3% throughout the test run. Run the test
through nge of lateral acceleration, or until the limits of test space, vehicle speed, or vehicle stability
are reached.

8.6.2.1  With discrete turn radii

Drive the vehicle onto the circle at the pre-selected speed. After attaining steady state, the steering wheel and
throttle position shall be held constant for at least 3 s.

6 © 1SO 2008 — All rights reserved
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8.6.2.2 Test method with discrete steering-wheel angles

With the vehicle being driven at the pre-selected speed, apply a steering input and hold it constant 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 i5 cordance
with ISO 7401:2003, 8.1. However, since 1ISO 7401:2003, 8.1, requires a fixed throttle position versus the._controlled throttle

position in the constant-speed test method, the resulting transient response measured migh be identical to those obtained
from ISO 7401:2003, 8.2.

9 Data analysis

9.1 General

measured perpendicular to the path. Traditionally,
acceleration, which is measured perpendicular tg

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.

R

¢) The producto gdare of the yaw velocity and the path radius:

2
(d_wj <R
dt

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

For the constant steering-wheel angle test method, path radius R (see 1SO 8855:1991, 2.3.2) may be computed at
steady state from longitudinal velocity, corrected for sideslip angle, divided by yaw velocity, corrected for vehicle roll
angle.

© 1SO 2008 — All rights reserved 7
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10 Data evaluation and presentation of results

10.1 General

General data on the test vehicle shall be presented on a summary form using the general data/t
in Annex A of ISO 15037-1:1998. The general test conditions shall be presented using the
report contained in 1ISO 15037-1:1998, Annex B.

g@st report contained
est conditions test

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

a) steering-wheel angle data points for the constant-radius and constant-speed

b) path radius data points for the constant steering-wheel angle test method
c) sideslip angle data points, if measured, on Figure A.3;

d) vehicle roll angle data points, if measured, on Figure A.4;

e) steering-wheel torque data points, if measured, on Figure A.5.

Curves may be fitted to the plotted points either freehand or by one of the y mathematical routines available.
The method of curve fitting should be stated. This is particularly recommended where the process involves fitting

smooth curves to experimental data for the purpose of evaluating the gradients. The type of curve and the method
of fitting will influence the results obtained.

NOTE Within the context of an International Standa
another.

10t possible to recommend any one way as being better than

10.3 Evaluation of characteristic value

10.3.1 General

There are a number of ways to further proc the data presented here. These have been developed as
conventions over many years and each can be justified in its own way; for example, the division of steering-wheel
angle data by a nominal overall steering ratlo The following specified variables represent, therefore, only examples

for the evaluation of results, which_de vehlcle steady-state behaviour. Any one of these methods may be
' i carried out, it will be necessary to determine the overall steering
e

used at the option of the user. If
ratio. The method for determining t /e aII steering ratio is given in Annex B.

10.3.2 Evaluation of gradi

rves may be fitted to the experimental data either freehand or by a mathematical routine. If
e for the purpose of gradient evaluation, it is strongly recommended that the latter method
repeatability of the resulting gradients cannot be guaranteed. In addition, because each

the gradlent as acortinuous function of lateral acceleration.

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

8 © 1SO 2008 — All rights reserved
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By this means the following derived gradients can be obtained and plotted as functions of lateral acceleration. The
gradients are plotted against lateral acceleration using the convention: lateral acceleration on the abscissa, with left
turns positive, right turns negative; and the gradients on the ordinate with normal sign convention.

10.3.2.1 Steering-wheel angle gradient

See I1SO 8855:1991, 6.3.4. This gradient is expressed by the following equation:

NOTE - This gradient cannot be computed from the results obtained using the consta ering-wheel angle test method if the
test is performed using only one steering-wheel angle.

10.3.2.2 Path curvature gradient

The gradient is expressed by the following equation:

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

10.3.2.3 Sideslip angle gradient
See ISO 8855:1991, 6.3.7. This gradient is &xpressed by the following equation:

o(8)
o(ay)

10.3.2.4 Vehicle roll angle gradient

See ISO 8855:1991, 6.3.6.1. 1

oMy )
day)

© 1SO 2008 — All rights reserved 9



ISO/DIS 4138

10.3.2.6 Steering-wheel/sideslip angle gradient

See I1SO 8855:1991, 6.3.8. This gradient is expressed by the following equation:

)
a(p)

While, in theory, the steering-wheel/sideslip angle curve can be produced from the ratio of curves of s g-wheel
angle and sideslip angle versus lateral acceleration, this method is likely to lead to significant errors. It IS preferable
to fit a curve directly to the steering-wheel angle versus sideslip angle data and to i
sideslip angle to produce steering-wheel/sideslip angle gradient versus sideslip angle

the test is performed using only one steering-wheel angle.
10.3.3 Normalisation of results — Comparison of results from different vehicle

10.3.3.1 General

Gradients obtained by different methods at a given steady-state equilibrium condition may differ. 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 thod 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 ste
two parts: that due to the Ackermann effect; w
to the handling characteristics of the vehiclé. In addition, the steering-wheel angle corresponding to the required
steer angle will depend on the overall ste i

ady-state turn of given radius, the steer angle required will consist of

Thus, there are three quantities to be taken into account in the general case:
a) wheelbase, I;

b) overall steering ratio, is;

steering-wheel an
speed on a curve

- is defined as a neutral-steer vehicle. The steering-wheel angle of a neutral-
ction only of turn radius, steering ratio, and wheelbase.

Comparison of measurements that have not been normalised will not clearly show differences in steering-wheel
angle gradient because they also contain the effects of differences in wheelbase and steering ratio.

10 © 1SO 2008 — All rights reserved
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In this particular procedure the numerical value of the product of wheelbase and steering ratio is the same as the
product of the test radius and the steering-wheel angle, in radians, required at zero speed on that radius. This
steering-wheel angle is the intercept of the curve in Figure A.1 with the zero lateral acceleration line and thus, the
value of the product of steering ratio and wheelbase can be obtained without direct measuremen

10.3.4 Normalised steady-state properties

10.3.4.0 General

In the light of the explanation given in 10.3.3.2, it is now possible to define normalised.ste properties that
ear t ny significance in
normalised sideslip angle, roll angle or torque gradients, and therefore only normalised equjvalents of steering-

wheel/sideslip angle gradient are described.

10.3.4.1 Normalisation with respect to steering ratio

This technique is useful for comparing results from vehicles of similar whee procedure for measuring
steering ratio is given in Annex B.

a) Understeer gradient

See ISO 8855:1991, 6.3.9. This gradient is determined by dividing the ste
ratio and substracting the dynamic reference steer angle gradient:

g wheel angle gradient by te steering

written as:

Whereas, in a constant steering-wheel a
understeer can be found most directly fro
wheelbase and the path curvature gradient:

st (see 8.5), the steering-wheel angle gradient is not defined, and
path curvature gradient (see 10.3.2.3), as the product of the

b) Understeer/sideslip gradient

This gradient is
ratio:

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

© 1SO 2008 — All rights reserved 11
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10.3.4.3 Normalization with respect to sideslip angle gradient - Directional coefficient

See ISO 8855:1991, 6.3.11.

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

&
X

12 © 1SO 2008 — All rights reserved
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Annex A
(normative)

Presentation of results

The characteristic values of the vehicle dynamic reaction shall be presented as f ions of steady-state lateral
acceleration, as shown in Figures A.1 to A.5.

Right t m
200 i urn (é\tu{n
&j

160

N

Steering-wheel angle & [9]

-120 <§\

-160

O<O\/ -8 -6 -4 -2 0 2 4 6 8 10

Lateral acceleration ay [m/s?]

Vehicle:
Turn radius (constant-radius test method):
Test speed (constant-speed test method):

Figure A.1 — Steering-wheel angle characteristic

© 1SO 2008 — All rights reserved 13
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Right turn Left turn
200

C

120

Vi

80

Path radius R [m]
A

o

/_/

-120

-160

-200
-10 -8 -6 = -2 0 2 4 6 8 10

Figure A.2 — Path radius characteristic

Lat cceleration ay [m/s?]

Vehicle:

Steering-w onstant steering-wheel angle test method):
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Right turn Left turn
10 /\
: \)
6
4

[N
N

Sideslip angle 8 [°]
o
|
—

10 -8 -6 A/ 2 0 2 4 6

eral acceleration ay [m/s’]

Vehicle
Turn rad adius test method):
Steering- angle (constant steering-wheel angle test method)

Test speed (corstant-speed test method):

Figure A.3 — Sideslip angle characteristic
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Vehicle roll angle ¢y []

Right turn Left turn
10 (
8 a
6 Um
4

-2
4
-6
-8
-10
-10 -8 -6 > -2 0 2 4 6 8 10
Lat cceleration ay [m/s?]
Vehicle:
Turn radius test method):

Steering-whee

Test speed (constant-speed test method):

Figure A.4 — Vehicle roll angle characteristic

gle (constant steering-wheel angle test method):
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[N
N

Steering-wheel torque My [N-m]
o

10 -8 -6 A/ 2 0 2 4 6

eral acceleration ay [m/s’]

Test speed (corstant-speed test method):

Figure A.5 — Steering-wheel torque characteristic
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Annex B
(normative)

Determination of overall (static) steering ratio

B.1 Steering systems

front and rear

Understeer gradients are stated in terms of the difference in cornering compliances between
[ due to elastic

road-wheel “axles”. However, cornering compliances include deflections of

at the steering wheel. Steering-wheel angles are referred to the road wheels b eering ratio
Overall steering ratio (see I1SO 8855:1991, 4.1.5.8) is a variable wh geometric relationship
between steering-wheel angle and average road-wheel angle, meas der conditions of zero aligning moment

road-wheel steer angle. Steer angle gradients are obtained from a plot of
acceleration.

B.2 Vehicles with four-wheel steering

Current four-wheel steering systems can be divided. into three general types: rear steer having a programmed
) d.according to lateral acceleration; and rear/front steer
ratio programmed according to speed or other, more complex, relationships. The first type creates a combined net-
effect front/rear steering ratio, which is in general non-linear. The/Second type can be treated as only an additional

source of (usually negative) rear wheelliance steer. However, the third type must be considered as a

separate control input. For steady-state te is;third type of vehicle it could be necessary to disable the rear
steering to measure basic response para en by additional testing with rear steer enabled, determine the
rear-steer control algorithm, and measure t on steady-state response parameters. Alternatively, tests of
vehicles with systems of the third type ma onducted by holding the state that affects the rear steer ratio
constant during the test. For example, vehicle h a speed-varying rear steer ratio may be tested using the
constant-speed test method. Repeat tests at several different speeds would define the vehicle characteristics at
different operating conditions.

B.3 Measurement

ined for each vehicle test configuration over the range of steering-wheel

not, in general, represent the dynamic situation because of additional steering-system

> iance and geometric effects. It is, however, suitable for removing the effect of different
steering-system lever and gear ratios from comparisons of measurements from different vehicles. The compliance
and geom ects referréd to above are then quite properly regarded as part of the vehicle handling
characteristi

18 © 1SO 2008 — All rights reserved
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Annex C
(informative)

General information - Theoretical basis for the test
The path curvature of an automobile in steady-state turning at a given speed (i.e., |

equilibrium) is determined by speed, steering-wheel angle, wheelbase, and the elas
of the front and rear steering systems, suspensions, and tyres.

given state of steady-state
inematic characteristics

In the absence of kinematic and compliance steer effects - for example, at v he low speed path
radius is defined geometrically by wheelbase and by front- and rear-wheél steer a . At increasing speed,
steady-state turning results in centrifugal force, which produces kinematic e steer and camber. When
expressed in degrees per m/s? of lateral acceleration and lumped together, nering compliances” produce

rear increase path radius from the Ackermann condition, and pfoduce understeer; while cornering compliances
. The difference between the total front

casing lateral acceleration is called
1 is called roll angle gradient, etc.

The sensitivities of the vehicle’s responses to ste heel inputs are called yaw velocity gain (°/s per degree of

s> per degree of steering-wheel motion), sideslip gain, etc.
These can be calculated from the vehicle speed, steering-wheel angle, steering ratio, wheelbase, and understeer
gradient, or they can be obtained directly from measured data:
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