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Introduction

The dynamic behaviour of a road vehicle is a most important part of the
active vehicle safety. Any given vehicle, together with its driver and the
prevailing environment, constitutes a closed-loop system which is unique.
The task of evaluating the dynamic behaviour is therefore very difficult,
since the significant interaction of these driver-vehicle-road elements are
each complex in themselves. A description of the behaviour of the road
vehicle must inevitably involve information obtained from a number of
tests of different types.

Since the braking inja turntest procedure/quantifies only one small part of
the complete handling characteristics, the results of this test can only be
cansidered, significantafor «aycorrespondingly small part of the overall
dynamic behaviour.

Moreover, insufficient knowledge is available concerning the relationship
between' ‘overall“vehicle “dynamic “properties and accident avoidance. A
large @mount of“work is/necessary to acquire sufficient and reliable data on
the correlation between accident avoidance and vehicle dynamic properties
in general and the results of this test in particular. Therefore, it is not
possible to use this procedure for regulation purposes.

iii



1’1 el Thislpage intehtibnally eftibart \/ [ 1 VY
(standards.iteh.ai)

ISO 7975:1996
httpsy//standards.iteh.ai/catalog/standards/sist/95042966-3847-4d61-
98da-47692d6b89cd/is0-7975-1996



INTERNATIONAL STANDARD © SO ISO 7975:1996(E)

Passenger cars — Braking in a turn — Open-loop test
procedure

1 Scope

This International Standard specifies an open-loop test procedure to determine the effect of braking on course
holding and directional behaviour of a vehicle whose steady-state circular motion is altered by a braking action only.

It applies to passenger cars as'defined-in'ISO-3833-

2 Normative references

The following standards contain“provisions®which; ‘through“reference”in“this'‘text, constitute provisions of this
International Standard. At the time of publication, the editions ‘indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO
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.
ISO 4138:1996, Passenger cars — Steady-state circular driving behaviour — Open-loop test procedure.

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

3 Principle

The purpose of this test procedure is to determine the effect of braking on course holding and directional behaviour
of a vehicle, whose steady-state circular motion is disturbed by a braking action only.

The initial conditions are defined by constant longitudinal velocity and by a circle with a given radius. The steering-
wheel angle required for the steady-state circular run shall be constantly maintained during the entire test. During
the test the driver input and the vehicle response are measured and recorded. From the recorded signals,
characteristic values are calculated.

The variables of motion used to describe the effect of braking on course holding and directional behaviour of the
vehicle relate to the intermediate axis system X, Y, Z (see ISO 8855).
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The location of the origin of the intermediate axis system, being the reference point, is independent from loading
condition. It is fixed in the longitudinal plane of symmetry at half wheelbase and at the same height above the
ground as the centre of gravity of the vehicle at complete vehicle kerb mass (see ISO 1176).

4 Variables

The following variables shall be measured:
— moment of brake application, #y;

— steering-wheel angle, d,y;

— lateral acceleration, ay;

— longitudinal acceleration, ay;

— longitudinal velocity, vy,

— vyaw velocity, V.

It is recommended to measure the following variables as well:

— pressure at master cylinder output or in the brake circuit which activates at least one of the front wheel
brakes, pg:

— roll angle, ¢;
— pitch angle, 6,
— sideslip angle, B;
or lateral velocity, vy;
— stopping distance, sg;
— wheel rotation speed, w; —'@j:

The variables are defined in ISO 8855 except the stopping distance, the brake pressure and the moment of brake
application t;, which is the instant at which the brake pedal is operated. Alternatively the actuation of the brake
light switch may be used to specify the moment of brake application ¢,

5 Measuring equipment

5.1 Description

The variables selected from those listed in clause 4 shall be measured by means of appropriate transducers and
their time histories shall be recorded by a multi-channel recorder. This does not obligatorily apply to stopping
distance, which can be measured directly after the test has been completed. The typical operating ranges and
recommended maximum errors of the transducer and recording system are shown in table 1. The values in table 1
are tentative and provisional until more experience is available.

5.2 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 values directly, appropriate transformations into the reference system shall
be carried out.
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Table 1 — Measured variables, their typical operating ranges and
recommended maximum errors

Recommended maximum error
Variable Typical operating range of the combined transducer and
recorder system

Moment of brake application — 0,05s
Steering-wheel angle —180° to + 180° +2°
Lateral acceleration - 15m/s2to + 15 m/s2 +0,15 m/s2
Longidutinal acceleration —15m/s2to + 15 m/s2 +0,15 m/s2
Longitudinal velocity 0 m/s to 50 m/s +0,5m/s
Yaw velocity —50°/s to + 50°/s +0,5%s
Pressure of braking system 30 MPa" +0,3 MPa"
Roll angle -15°to + 15° +0,15°
Pitch angle —-15°to + 15° +0,15°
Sideslip angle - 20°to + 20° +0,5°
Lateral velocity -10m/sto+ 10 m/s +0,1m/s
Stopping distance 300 m +0,5m
Wheel rotation speed O)s7l 161200, s +25s7!
1) 1 Mpa = 10 bar = 108 N/m?2
NOTE — Transducers for measuring 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 values, this and the actual maximum error shallbe stated in the test report (see annex A).

5.3 Data processing

The frequency range relevant for this test is between 0 Hz and the maximum utilized frequency of fmax = 5 Hz.
According to the chosen data processing method, analog or digital, the stipulations given in 5.3.1 or 5.3.2 shall be
observed.

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

In order to execute the necessary filtering of signals, low-pass filters with order four or higher shall be employed.
The width of the passband frequency fy 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 analog signals shall be processed with filters having
sufficiently similar phase characteristics, in order to ensure that time delay differences due to filtering lie within the
required accuracy for time measurement.

NOTE — Phase shifts may occur during analog filtering of signals with different frequency contents. Therefore a data
processing method, as described in 5.3.2, is preferable.

5.3.2 Digital data processing
5.3.2.1 Preparation of analog signals

In order to avoid aliasing, the analog signals shall correspondingly be filtered before digitizing. In this case, low-pass

filters with order four or higher shall be employed. The width of the passband (frequency f; at -3 dB) shall amount
to roughly

fO = 5fmax
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The amplitude error of the anti-aliasing filter should not exceed £ 0,5 % in the utilized frequency range from zero to
Jmax- All analog signals shall be processed with anti-aliasing filters having sufficiently similar phase characteristics in
order to ensure that time delay differences lie within the required accuracy for time measurement.

Additional filters shall be avoided in the data acquisition string.

Amplification of the signals shall be such that, in relation with the digitizing process, the additional error is less than
0.2 %.

5.3.2.2 Digitizing

The sampling rate fs shall be appropriate to the order of the filters being used and shall under no circumstances be
less than 2fj.

NOTE — In common practice anti-aliasing filters of Butterworth type are used. For this type of filter the following
specifications are recommended:

four pole filter: f = 5fy
eight pole filter: fg = 3,6fj
5.3.2.3 Digital filtering

For filtering of sampled data in data evaluation, phaseless (zero phase shift) digital filters shall be used incorporating
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 %).

+0,005

SN N /N \
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Filter gain

Passband Stopband |

0.01

. VAVAVAVAVA

0 5 10 to 15

Frequency, Hz

Figure 1 — Required characteristics of phaseless digital filters
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6 Test conditions

Limits and specifications for the ambient and vehicle test conditions are established in 6.1 to 6.3, and shall be
maintained during the test. Any deviations shall be shown in the test report (see annex A), including the individual
diagrams of the presentation of results (see annex B).

NOTE — The ambient temperature may influence both the road friction and the tyre characteristics. Therefore the tests
should be carried out without the ambient temperature varying too much.

6.1 Test track

All tests shall be carried out on a level, clean and uniform hard road surface, which must not exceed a gradient of
2,5 % at any place. For standard test conditions, a smooth dry road pavement of asphalt or concrete or a high
friction test surface is recommended.

6.2 Wind velocity
The wind velocity shall not exceed 5 m/s and shall be recorded in the test report (annex A).
6.3 Test vehicle

6.3.1 Tyres

For standard tyre condition, new tyres shall be fitted on the test vehicle according to the manufacturer’'s
specifications. They shall haye a tread depth of at least 90 %_of the original value and shall be manufactured not
more than one year before the test.

Tyres shall be inflated to the pressure'as 'specified by the vehicle manufacturer for the test vehicle configuration at
the ambient temperature. The tolerance for setting the cold pressure is + 5 kPa) for pressures up to 250 kPa and
+ 2 % for pressure above 250 kPa.

They shall be run in for at least 150 km without excessively harsh use; for example braking, acceleration, cornering,
hitting the kerb, etc. After the tyres have been run in, they should remain in the same position on the vehicle for
the test.

The test may also be performed with tyres in any state of wear as long as the end of the test they are in such a
condition that a minimum of 1,6 mm of tread depth remains across the whole breadth of the tread (see note) and
around the whole circumference of tyre.

NOTES

1 Tread breadth is the width of that part of the tread which with the tyre correctly inflated contacts the road in normal
straight-line driving.

2 As in certain cases the tread depth has a significant influence on test results, it is recommended that it should be taken into
account when making comparisons between vehicles or between tyres.

6.3.2 Operating components

For standard test conditions, all operating components likely to influence the results of this test (for example
condition, setting and temperature of shock absorbers, springs and other suspension components and suspension
geometry) shall be as specified by the manufacturer. Any deviations from manufacturer’s specification shall be
noted in the test report (see the annex A).

The brakes shall be bedded fully and correctly according to procedures specified by the vehicle manufacturer or to
other available specifications. The procedure used shall be indicated in the test report (see annex A).

1) 1kPa = 1072 bar = 103 N/m?
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6.3.3 Engine and drivetrain

For standard test conditions, the adjustment and condition of the engine and the drivetrain (especially the

differentials, clutches, locks and free wheel shifts) shall correspond to the vehicle manufacturer's specifications.
6.3.4 Loadi

The test mass shall be between complete vehicle kerb mass (code: ISO-MO06) plus driver’'s mass and maximum
authorized total mass (code: ISO-MO08). The instrumentation plus driver should preferably not exceed 150 kg.

The maximum authorized total mass and the maximum authorized axle loads (code: 1SO-M13) shall not be

AAAAAA AaA
TALCTUCU.

Care shall be taken to generate the minimum deviation in the location of the centre of gravity and in the values of
the moments of inertia as compared to the loading conditions of the vehicle in normal use. The resulting wheel
loads shall be determined and recorded in the test report (annex A).

7 Test procedure
7.1 Tyre warm-up

The tyres shall be warmed up in order to achieve a tyre temperature and pressure representative of normal driving
conditions. This should be done by driving at a speed of 100 km/h over a distance of at least 10 km. However, if
this is not practicable, it may be dene by driving,500 m, at, a,lateral aceeleration, of:3 m/s2 on the radius to be used
for the tests. The tyre pressures’afterwarm-up/should be recorded.

7.2 Brake temperature

At the beginning of the test, the braking system shall(be‘Warmed up to its operating temperature by performing
some consecutive stops.

Prior to each test run the temperature of the brake discs and drums shall be measured to ensure an initial brake
temperature of less than 100 °C.

7.3 Initial driving condition

The initial driving condition is that of the steady-state circular test (see ISO 4138) with the initial conditions relating
to the combinations of radii and lateral acceleration given in table 2. During this procedure the vehicle shall be
steered in such a manner that the reference point of the vehicle moves on the desired circular path. As it is known
that the significance of the results and the discrimination between different vehicles increase with increasing test
speed, the standard radius of this path shall be 100 m. Smaller radii ranging from 30 m to 50 m with 40 m as the
recommended lower value may be used. Additional tests using a radius of 200 m are recommended.

For vehicles with manual transmission the test shall be performed in the highest gear compatible with the
conditions of the test given in table 2. For vehicles with automatic transmission the position of the transmission
lever and the selected driving program shall be recorded in the test report (see annex A).

The position of the steering-wheel and the accelerator pedal shall be kept as constant as possible during the initial
driving condition. The initial condition is considered to be sufficiently constant, if one of the following conditions is
fulfilled:

a) for the time interval from 1,3s to 0,3 s before brake application the standard deviation of the lateral
acceleration shall not exceed 5 % of the mean value and the standard deviation of the longitudinal velocity shall
not exceed 3 % of the mean value;

b) the difference between the mean values during the time intervals 1,3 s to 0,8 s and 0,8 s to 0,3 s before brake
application shall not exceed the last mentioned mean value for the lateral acceleration by 5 % and for the
longidudinal velocity by 3 %.
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The radius in the initial driving condition may not deviate by more than = 0,5 m of the desired value during the time
interval of 1,3 s to 0,3 s before brake application. The initial radius Ry, is calculated as follows:

2
1% 1%
Ry = X0 o Ry= X.0
W asvn
0 Y,V
Table 2 — Initial test conditions
Condition Radius Lateral acceleration Cc.)rre?pondmg .
longitudinal velocity
m m/s2 tol., % km/h tol., %
Standard 100 5 +10 81 +5
Option 200 5 +10 114 +5
30 t0 50 5 +10 44 t0 57 +5

7.4 Performance of the braking procedure

When the initial steady-state driving condition has been reached, the steering-wheel is fixed by a mechanical
device or, alternatively, is firmly held by the driver. The accelerator pedal shall be released and brakes applied as
quickly as possible. On vehicles with manual transmission, the clutch may be disengaged immediately or at the
end of the test run; the dption [¢hosen shalkbe indicated in the test reporti(see annex A). On vehicles with
automatic transmission the shift lever remains in_the initial position.

The actuation of the brake pedal or the brake light switch is considered as the moment of brake application .
During braking the pressure in the braking systemorothe brake pedal force or the brake pedal travel shall be kept
as constant as possible (an.adjustable stop under the brake pedal may serve) and the steering-wheel shall be fixed
until the test run is finished.

The test runs for each combination of radius and lateral acceleration defined in table 2 shall be made at increasing
levels of longitudinal acceleration until, on vehicles with conventional braking system, lock up of at least one of the
front wheels occurs (if possible). The test may be continued beyond this point resulting in further wheels locking
until lock up of all wheels has occurred, but testing under these conditions may result in rapid and large changes of
tyre characteristics, which may cause wide variations in test results. On vehicles equipped with an antilock braking
system the test shall be continued until the peak value of mean longitudinal acceleration at time ¢, (see 8.3.4) is
detected.

The minimum braking action shall correspond to a mean longidutinal acceleration of 2 m/s2 and shall then increase
by increments of not more than 1 m/s2. if the results vary rapidly with longitudinal acceleration smaller increments
should be selected.

Tests shall be carried out for both left- and right-hand turns.

The transducer signals shall be recorded from 1,3 s before brake application until the vehicle comes to a standstill.
This recording period shall be extended by the setting time of all filters used during recording (0,2s to 1s
depending on the type of filter used).

During the recording period the steering-wheel angle shall not deviate more than +£3 % from the steady-state
value. To increase accuracy it is recommended that the series of tests should be performed at least three times.

8 Data evaluation and presentation of results
8.1 General

General data shall be presented in the test report as shown in annex A. For every change in equipment of the
vehicle (e.g. load), the general data shall be documented again.
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Due to the large amount of data, the use of a computer for data processing is recommended.
At the present level of knowledge, it is not yet known which variables best represent the subjective feeling of the

driver and which variables, i.e. what characteristic values best describe the dynamic reaction of vehicles. The
following specified variables therefore represent only examples for the evaluation of results.

8.2 Time histories

For every test run, time histories of the variables listed in clause 4 shall be presented. Apart from their evaluation
purposes, the time histories serve to monitor correct test performance and functioning of the transducers.

8.3 Braking action

8.3.1 Reference point in time ¢,

The reference point in time ¢, for the following characteristic values is the moment of brake pedal actuation or the
actuation of the brake light switch.

8.3.2 Definition of times and requirements

Figure 2 shows the pattern of longitudinal acceleration during braking versus time.

Time interval
forevatuation
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Figure 2 — Definition of times
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