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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 electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard JSO 14791 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee
SC 9, Vehicle dynamics and road-holding ability.

Annexes A and B form a normative part of this International Standard. Annexes C and D are for information only.
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Introduction

The road-holding ability of heavy commercial vehicle combinations and articulated buses is a most important part of
active vehicle safety. Any given heavy commercial vehicle combination, together with its driver and the prevailing
environment, constitutes a closed-loop system that is unique. The task of evaluating road-holding ability is,
therefore, very difficult because of the significant interaction of these driver/motor vehicle/trailer/road elements,
each of which is in itself complex. A complete and accurate description of the behaviour of a heavy vehicle
combination must necessarily involve information obtained from a number of tests of different types.

Because they quantify only a small part of the whole vehicle handling field, the results of the tests specified in this
International Standard can only be considered significant for a correspondingly small part of the overall handling
behaviour of heavy commercial vehicle combinations and articulated buses.

In addition, the results obtained from these tests apply only for combinations of identical types of vehicle units. The
results will not describe the behaviour of the vehicle units separately.

Moreover, insufficient knowledge is available concerning the relationship between overall vehicle dynamic
properties and accident avoidance. Since the number of variants of heavy truck combinations is tremendously
large, each truck combination is unique. So the measured result is valid only for the tested vehicle or combination
and the transition of the results to obviously similar vehicle combinations is, especially for heavy trucks, not
possible. Therefore, it is not possible to use these test methods and the test results for regulation purposes.
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Road vehicles — Heavy commercial vehicle combinations and
articulated buses — Lateral stability test methods

1 Scope

This International Standard specifies test methods to determine the lateral stability of heavy commercial vehicle
combinations as defined in ISO 3833, including truck centre-axle trailer combinations and articulated buses. It is
applicable to trucks and trailers having a mass exceeding 3,5 t and buses having a mass exceeding 5 t, i.e. vehicle
categories N2, N3, O3, O4 and M3 according to 92/53/EEC.

The manceuvres specified in these test methods are not fully representative of real driving conditions, but are
useful for determining the lateral stability of a heavy vehicle combination.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 1176:1990, Road vehicles — Masses — Vocabulary and codes.

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

, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary.
, Passenger-car/trailer combinations — Lateral stability test.

EC Council Directive No. 92/53/EEC. Annex I, Definition of vehicle categories and vehicle types.

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in |]SO 8855 and the following
apply.

3.1

vehicle unit

rigid (i.e. non-articulating) vehicle element operating alone or in combination with one or more other rigid elements
joined at yaw-articulation joints

EXAMPLES Tractor, semitrailer and dolly.

3.2

rearward amplification

ratio of the maximum value of the motion variable of interest of a following vehicle unit to that of the first vehicle unit
during a specified manceuvre
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3.3

offtracking

lateral deviation between the path of the centreline point of the front axle of the vehicle and the path of the centre-
line point of some other part of the vehicle

NOTE 1 See 8.3 for determination of offtracking.

NOTE 2 In a single-lane-change manceuvre where the path of the other part of the vehicle is farther from the projection of the
original path of the vehicle than is the path of the front axle, the path of the other part is said to “overshoot” the path of the front
axle at that point. If the opposite is true, the path of the other part is said to “undershoot’ the path of the front axle.

34

zero-damping speed

speed at which the damping coefficient of the free oscillatory yaw movements of the vehicle combination equals
zero

35

reference-damping speed

speed at which the damping coefficient of the free oscillatory yaw movements of the vehicle combination equals
0,05

3.6

centreline point

point at the intersection of the ground plane and the x-z plane of symmetry of the part of interest, which point lies
directly below a longitudinal reference position

NOTE For an axle, the longitudinal reference point is the wheel-spin axis. For other parts, the longitudinal reference point
should be stated.

3.7

yaw-articulation angle

yaw angle of the x-axis of the intermediate axis system of a more forward vehicle unit in the intermediate axis
system of a following vehicle unit, i.e. the angle between the x-axes of the two units with polarity determined by the
rotation of the leading unit in the axis system of the following unit

NOTE The units involved are usually adjacent, but not necessarily so.

4 Test objectives

The primary objective of these tests is to determine the lateral stability of heavy commercial vehicle combinations
and articulated buses.

The lateral stability is characterized by:

— rearward amplification of lateral acceleration and yaw velocity;
— dynamic offtracking;

— zero-damping speed,;

— yaw damping, including mode-shape information.

Of these four performance measures, two, rearward amplification and dynamic offtracking, relate to forced
response properties and the other two, zero-damping speed and yaw damping, relate to free response properties.
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For a complete set of measurements, it is necessary to determine:
— steering-wheel angle;

— longitudinal velocity;

— yaw velocity of the first and the last vehicle units;

— lateral acceleration of the front axle of the first vehicle unit at or below the height of the wheel centre, and
lateral acceleration of the centre of gravity of the last vehicle unit;

— articulation angles or articulation angular velocity between the vehicle units;

— offtracking of the most severely offtracking axle of the vehicle combination.

In order to acquire a deeper understanding of the behaviour of the vehicle combination, it is desirable to determine:
— lateral acceleration in the centre of gravity of each vehicle unit;

— yaw velocity of each vehicle unit;

— the roll angle of each vehicle unit, preferably above the rearmost axle;

— lateral velocity or slip angle of the rearmost axle of each vehicle unit;

— dynamic wheel loads of each vehicle unit;

— lateral motion of each axle in the combination;

— offtracking of the most severely offtracking point, other than an axle, of the vehicle combination.
The following test methods can be used to determine the various characteristics of the lateral stability:
— pseudo-random input;

— single lane-change;

— pulse input.

Pseudo-random input can be used to determine the maximum rearward amplification. It provides complete
information about the frequency dependency of the rearward amplification.

With a single lane-change, rearward amplification and dynamic offtracking can be determined for a specific,
realistic manceuvre. The single lane change may be carried out by applying either a single sine-wave steering input
or by following a path producing a single sine-wave lateral acceleration input.

NOTE Rearward amplification measurements obtained using pseudo-random input and single lane-change will differ. The
two test methods have a fundamental difference. The pseudo-random input method is intended to yield a full representation of
the system gain in the frequency domain. The single-lane-change method, however, provides only the composite gain of the
system as results from the distributed frequency content of the specific lane-change performed in the test.

Also, the measurements obtained from the two lane-change methods should be expected to differ, because the frequency
content of the steering input will be different in the two cases. With the single sine-wave steering method, the steer input is
defined, while for the path-following method the lateral acceleration is defined. In the first method, lateral acceleration depends
on the dynamics of the vehicle combination and the properties of the steering system, e.g. lash and compliance. In the second
method, steering depends on the same influences. This yields a different composite gain of the system as measured by the two
methods.

The pulse input is used for determining zero-damping speed, yaw damping and yaw-velocity ratio.
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The analyses for the pseudo-random method are made in the frequency domain. All other analyses are made in
the time domain.

The methods chosen shall be indicated in the general data presentation (see annex A) and in the presentation of
the test results (see annex B).

5 Measuring equipment

5.1 Description
Those of the variables listed in clause 4 which are selected for test purposes shall be monitored using appropriate

transducers, and the data shall be recorded on a multichannel recorder with a time base. The typical operating
ranges and recommended maximum errors of the transducer/recorder system are given in Table 1.

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

Variable Typical operating range | Recommended maximum
error of combined system

Steering-wheel angle +180° +2°
Longitudinal velocity 0to35m/s +0,3m/s
Lateral acceleration + 15 m/s2 +0,15 m/s?
Articulation angles between vehicle units + 30° +0,3°
Articulation angular velocity + 50°/s +0,5%s
Yaw velocity + 50°/s +0,5°s
Lateral displacement of vehicle axle centre- +10m +0,05m

line points relative to the path of the front
axle centreline point

Wheel loads 0 to rated axle load * 2 % of full scale
Roll angle +15° +0,2°
Lateral velocity +10m/s +0,2m/s
Slip angle +10° +0,5°

Some of the transducers listed are neither widely available nor in general use. Many such instruments are
developed by users. If any system error exceeds the maximum values recommended, this fact and the actual
system error shall be stated in the general data.

5.2 Transducer installation

The required variables may be measured directly or indirectly. If a transducer does not measure the required
variable directly, appropriate corrections for linear and angular displacement shall be made to its signals so as to
obtain the required level of accuracy.

Transducers for measuring lateral acceleration shall be installed on the sprung mass.

Optionally, the transducer for measuring the lateral acceleration of the front axle of the first vehicle unit may be
mounted on the front axle if this is a solid axle. In this case, the transducer shall be mounted at or below the height
of the wheel centre, and the signal from this transducer need not be corrected for errors associated with roll.
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