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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.

Internation
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al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part3

hational Standards adopted by the technical committees are circulated to the member bodi

Publication as an International Standard requires approval by at least 75 % of the memberbodies casti
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SC 9, Veh

Annexes A

al Standard ISO 14512 was prepared by Technical Committee ISO/TC 22, Road vehicles, S
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The dynamic behaviour of a road vehicle is a most important aspect of 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 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 this tes
can only be ¢

Moreover, if
prevention. A
accident pre
is not possib

t method quantifies only one small part of the complete handling characteristics, the results
onsidered significant for a correspondingly small part of the overall dynamic behaviour,

of this test

sufficient knowledge is available to correlate overall vehicle dynamic properties withh accident

large amount of work is necessary to acquire sufficient and reliable data on the\correlatio
ention and vehicle dynamic properties in general and the results of this test in<particular. T
e to use this method and test results for regulation purposes.

h between
herefore, it
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Passenger cars — Straight-ahead braking on surfaces with split

coeffic

ient of friction — Open-loop test method

1 Scops

This Intern
line brakin

It applies o passenger cars as defined in ISO 3833.

The methd
limit of the

2 Norm

The followi
Internation

not apply.
possibility
the latest
currently v,
ISO 611:1
ISO 1176:
ISO 3833:
ISO 8855:

ISO 1503]

ational Standard describes an open-loop test method for determining.vehicle reactions duri
J manoeuvre on a surface having a split coefficient of friction.

d is valid for all braking efforts up to full ABS operation forvehicles so equipped, or just up
wheels on the high-friction surface for vehicles without ABS.

htive references

ng normative documents contain provisions‘which, through reference in this text, constitute pro
al Standard. For dated references, subsequent amendments to, or revisions of, any of these p
However, parties to agreements based on this International Standard are encouraged to i
pf applying the most recent editions-of the normative documents indicated below. For undate
hlid International Standards.

D94, Road vehicles —Braking of automotive vehicles and their trailers — Vocabulary.
1990, Road vehicles— Masses — Vocabulary and codes.

1977, Road vehicles — Types — Terms and definitions.

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

(-1:1998, Road vehicles — Vehicle dynamics test methods — Part 1. General conditions f

ng a straight-

o the locking

Visions of this
blications do
vestigate the
d references,

edition of the normative document referred to applies. Members of ISO and IEC maintain registers of

DI passenger

cars.

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 611 and ISO 8855 apply.

3.2 Symbols

For the pu

rposes of this International Standard, the symbols given in Table 1 apply.
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Table 1 — Symbols for parameters

Symbol Parameter
ay Longitudinal acceleration
ay Lateral acceleration
Fo Brake pedal force?
My Steering-wheel torque
Ps Pressure at master cylinder output?
S5 Brakingdistance
Vi Longitudinal velocity
vy Lateral velocity
B Sideslip angle
Oy Steering-wheel angle?
v Yaw angle
Vv or Z—‘t’/ Yaw velocity
2y,
 or dd 5 Yaw acceleration
Wy, 0y, O3, Wheel rotation speed

2 Control parameters of handling manoeuvre.
b Vehicle refiction (see 9.2.1)

4 Principle

The objectiveg of this test method is to determine the effects on course-holding and directional behaviour gf a vehicle
produced by |a braking manoeuvre on a straightaway having a low coefficient of friction on one side.

Test results pre strongly influenced-hy friction coefficients as well as the difference in friction between the left and
right side of the course. Other test track surface characteristics (roughness, ice or synthetic materials);|which are
not quantifiedl by the friction cgeffiCient alone, exert an important influence on the test results. For this re¢ason, it is
not possible [to describe thelsurface conditions in a reproducible way. A large difference in the left- and right-side
friction conditions is desiraple and an interpretation of the test results is only useful in a comparison, fqr instance
with a "refergnce-vehigle{used in the same test.

The initial cohditionfor the test is driving in a straight line at constant velocity. The position of the steering|wheel and
accelerator gre-held as steady as p055|ble in the initial state The steerlng wheel contlnues to be held fixgd after the
braking manbet C C easured and
recorded. Characterlstlc values are determlned from the measured S|gnals

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 1SO 8855).

The location of the origin of the vehicle axis system (X, Yy, Zy), being the reference point, is independent of the
loading condition. It is fixed in the longitudinal plane of symmetry at half wheel base and at the same height above
the ground as the centre of gravity of the vehicle at complete vehicle kerb mass (see ISO 1176).
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5 Apparatus

The measuring equipment, the transducer installation and the data processing shall be in accordance with
ISO 15037-1.

6 Parameters to be determined

The parameters that shall be determined for compliance with this International Standard as well as parameters
which are recommended to be determined are given in Table 2. Typical operating ranges of the parameters to be
determined for this International Standard are shown in Table 3. For operating ranges for the determination of
parameters_nat gi\/nn in Tahle 3_see |SQ 15037-1

Table 2 — Parameters to be determined

Parameter Required Recommended

Longitudinal velocity

'Yaw velocity

Brake pedal actuation

Brake pedal force2

Pressure at master cylinder output2

X | X | X[X]|X

Steering-wheel angle

Longitudinal acceleration

Lateral acceleration

Braking distance

Lateral velocity

Sideslip angle

Yaw angle

Steering-wheel torque

X |IX[X]IX[X]|X[X]X

\Wheel rotation speed

@ One or the other shall be determined.

Table 3 & Typical operating ranges and recommended maximum errors

Recommended maximum errors
Parameter Typical operating range of the combined transdycer and
recorder systen
Steering-yvheel angle —180° to +180° +1°
Lateral adcéleration —~10 m/s? to +10 m/s2 +0,1 m/s2
Longitudinal acceleration —10 m/s2 to +10 m/s2 +0,1 m/s2
Brake pressure 0 kPa to 25000 kPa (0 bar to 250 bar) + 200 kPa (x 2 bar)
Brake pedal force ONto2000N + 20N
Braking distance 0mto 200 m +1m
Rotational velocity of wheels 0s1to20s™1 +0,2s1
Steering-wheel torque —20N-mto+20 N-m +0,1N-m
Brake pedal actuation For instance, a stop light switch if mechanically
actuated by a brake pedal.

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 shall be stated in the test report (see general data, annex A).
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7 Test conditions

7.1 General

Limits and specifications for the ambient and vehicle test conditions established in 7.2 to 7.4 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
should be carr

ied out under stable ambient temperature conditions.

The ambient temperature may influence both the road friction and the tyre characteristics. Therefore the tests

Comparative studies shall be conducted on surfaces with the same friction coefficient. It is recommended to carry

out referencg measurements with a second vehicle.

The coefficignts of friction have a very large influence on measuring results. Since the coefficients [of friction,
especially or] natural ice surfaces, can change considerably within a short time (temperature,cnsulation| humidity,
polishing effgct etc.), it is recommended to regularly check the coefficients of friction.

One possiblg way of detecting changes in coefficients of friction is to perform an ABS-controlled braking manoeuvre
with a reference vehicle and to compare the deceleration values. To get a good repeatability the speefl shall not
exceed 50 km/h.

7.2 Testtrack

All tests shall be carried out on a level, clean, uniform hard surface. The<slope shall not exceed 2,5 % |engthwise
and 1 % acrqgss. The difference in coefficient of friction, i, between high=u and low-u should be at least 0,b.

For test track surfaces having a low coefficient of friction, u, polished artificial and natural ice, or lubricant-wetted
plastic sheeting, basalt, marble, stainless steel and other surfaces with coefficients of friction similar fo ice, are
recommenddd. However, it is necessary to take into acgount that these substitute materials may hpve a slip
characteristi¢ which differs from that of natural ice.

If a lubricant Js used, it shall be evenly redistributed after every test run.

The low-u sgction should be at least 50 m long‘and sufficiently wide to enable undisturbed measurement|recording,
even if large yaw angles occur, as well as the determining of a reference coefficient of friction (for instancg, by ABS-
braking mangeuvres) with all 4 wheels (enlow-u). This reference coefficient of friction only approximates|the actual
coefficient offfriction and is dependent@©n-quality of the ABS control.

As high-u surface a dry road topping’ of asphalt, concrete or some other surface having a high coefficient of friction
and sufficient width is recommended. If a lubricant is used, wetting of the high-u surface shall be @voided. If
necessary, itlshall be regulafly)cleaned.

7.3 Wind vElocity

The wind velpcity shall not exceed 5 m/s and shall be recorded in the test report (annex A).

7.4 Test vehicle

7.4.1 Tyres

The tyre conditions shall be in accordance with ISO 15037-1:1998, 5.4.2.

7.4.2 Opera
Operating co

7.4.3 Brake

ting components
mponents shall be as specified in ISO 15037-1:1998, 5.4.3.

system and drive train

For standard test conditions, adjustment and condition of the drive train (especially the differentials, clutches, locks,
free wheel shifts, etc.) shall correspond to the manufacturer's specifications for the vehicle.
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7.4.4 Loading conditions of the vehicle

The loading conditions of the vehicle shall be as specified in ISO 15037-1:1998, 5.4.4.

8 Test method

8.1 Condition and temperature of brakes

New wearing parts of brakes (linings, discs, drums) shall be run in.

Before beginning measurements, several braking manoeuvres shall be performed to bring the brake system up to

operating femperature.

Prior to each test run the temperature of the brake discs / drums shall be measured to ensure ag-initia

of less th
8.2 Initi

The initial
additional
presentati

During thd
initial drivi

uniform if fhe following conditions in time interval (t; — 0,8 s) to t, are met:

a) Thed

100 °C for the warmest brake and greater than 20 °C for the others.
| driving conditions
driving conditions for the test shall be driving straight ahead at a constant.velocity of 80 km
initial velocities, steps of 10 km/h or 20 km/h shall be used and, recorded in the log (g
bn (annex B) of results.
initial driving state the position of the steering wheel and actelerator-pedal shall be kept g

ng condition is concluded by starting the brake procedure {time ty) and is assumed to b

eviation of the steering wheel angle from the mean yalue shall not exceed + 3°.

temperature

h. In case of

nnex A) and

onstant. The
e sufficiently

b) The mean value of the longitudinal velocity \7x0 (se€.3), shall not deviate from the intended velgcity by more

than 2

c) Thec

km/h.

hange in longitudinal velocity shall notexceed 1 km/h.

d) The rIaximum deviation of yaw velocity from its mean value shall not exceed 1°/s.

8.3 Perf

Viewed frd
between h

After reag

mechanical device. The-position of the steering wheel during braking shall not differ more than £ 3° in

period (se

Additional

rmance of braking procedure

m the longitudinal axis of the vehicle, the test track should be approached in such a way th
igh-u and low-u is lecated below centre of gravity of the vehicle.

P 8.4) compared with the mean value of the initial state (see 8.2).

tests may be conducted with an unfixed steering wheel (free control). The control mode

at the border

hing the steady./state conditions, the steering wheel shall be held fixed by the test diiver or by a

the observed

fixed or free

control) sh

all'be recorded in annex B.

NOTE

Depending on the type of vehicle, tests with a free steering wheel may lead to an unexpected or dang

of the vehicle. It is recommended, to start those tests with a low initial velocity of, for example, 40 km/h.

erous reaction

The braking procedure shall be carried out with maximum deceleration (for vehicles without ABS just up to a locking

wheel on t

he high-u surface).

Release of the accelerator pedal and actuation of the brakes should take place in the very shortest time. On
vehicles with manual transmission, the test run shall be conducted with the clutch engaged. Additional test-runs with
the clutch disengaged may be performed. This shall be reported in "General data" in annex A. In the case of

automatic

transmissions the selected shift lever position and driving program remain unchanged.
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8.4 Period

of observation
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The period of observation is the time interval over which measurements are to be made. The period of observation
begins at least 2 s before the beginning of braking (t;) and lasts until at least t, +1 s or until leaving the split-u

condition.

8.4.1 Time of brake pedal actuation

to

The reference point in time t, is the moment of brake pedal actuation.

8.4.2 Reference point in time

th

tn is the reference pu;nt itime—at-which—characteriste—vatues—are bUIIIputh. Fhe-time—intervat tO to tn qefines the
period used for calculation of the mean values. The recommended value for t, is ty +1 s, other values.for t, may be
chosen but it should not be less than 0,5 s. Record the value of t, in annex B.
8.4.3 Time When brake pedal force reaches the mean value  t,
t,, is the point in time at which the brake pedal force Fo first reaches the mean value of brake pedal force fp.
9 Data evaluation
9.1 General
Due to the lafge volume of data involved, the use of a computer is recommended for evaluation.
At the presept level of knowledge it is not yet known which variables best represent the subjective fedling of the
driver in thede tests and which variables or characteristic values*most clearly describe the dynamic readtion of the
vehicle. The following specified variables, therefore, represent only examples for the evaluation of results.
9.2 Validity criteria
For the correct performance of a test run the following conditions shall be fulfilled.
9.2.1 Braking action
To ensure that the obtained deceleration’is equivalent to a rapid braking manceuvre, the time between thq reference
point ty defined in 8.4.1 and the time.ty+ t,,, when the brake pedal force reaches the mean value, shall not exceed
0,3s.
Figure 1 shoys the pattern af hrake pedal force versus time. There also can be seen the definition of timeland mean
value.
The mean vdlue is generally calculated by the following formula:
+At
_ 1P
E.=—L[E Wdt
Poat J°P
fo

withAt=1s

If any problems should appear when measuring the brake pedal forces, the pressure at the master cylinder output
can be used as an alternative. In this case, note that the pressure at master cylinder output is already a
vehicle(component)-reaction, which can cause some differences in the results.
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9.2.2 Spl
To correct]

The crosg
crossing o

Brake pedal fprce £, (or brake pressure pg)

< 0,3s

fo+ 1s

Period to calculate mean value

Figure\t — Definition of

t- 1 conditions

y determine the\eharacteristic values, it is necessary that the vehicle be in split-u conditions
time t; that is to say, no*wheel may cross the line from low-u to high-u or vice versa during the brakir]
ng over‘ol the front wheel to high-u is revealed by a clear increase in longitudinal dec
ver of the rear wheel to low-u is revealed by a clear increase in yaw velocity.

9.3 Mea

ntongitudinal deceleration

t,, and mean value

Time, f

up to point of
g procedure.
bleration; the

The mean longitudinal deceleration ay is determined from the difference between the initial velocity (as described
in 8.2) and the mean value of the longitudinal velocity in the time range, t,-0,1 s <t <t +0,1s.

_ _(on—"tn)
ay =—+~
tn
where
1
¥y, == Ov(t)dt
%0 T, I
tp-0.8s
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with t-, = 0,8 s and

th =

th+0,1s
v(t)dt
C2 (0,15

witht, =0,2 s

NOTE

Time is given in seconds (S).

9.4 Characteristic values

©1SO

9.41 Yawy

As result, the
Vi, . is gene

V’tn = td

with t-5 = 0,4
9.4.2 Furthdg

It is assume

range after i
information.

This also hol
acceleration

10 Testrsg

General datg
vehicle (for i

The charact
deceleration

The diagram

As possible f

blocity

yaw velocity at point of time t, is plotted versus the mean longitudinal deceleration. The ya
ally obtained by integration over the time range, t,-0,1s <t <t +0,1s.

ty+0,1s
I y(t)dt
2 ty-0,1s

r characteristic values

0, however, that the maximum yaw acceleration 43, (maximum rise in yaw velocity in

(s for the observation of the time behaviourof vehicle reaction, for example the point of max
pfter t.

port

of the test report shall be presented as shown in annex A. For every change in equipment
stance, load) the general.data shall be documented anew.

see 9.4).

for yaw rateCy_is found in annex B.

arameters either the initial velocity or the reference point of time t,, can be selected.

W velocity,

the linear

itiating the braking manceuvre) versus the mean longitudinal deceleration can provide furthgr valuable

imum yaw

of the test

pristic values determined for the selected t, are shown as points versus the correspongling mean
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