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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.
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Introduction

The main purpose of this International Standard 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
interaction of these driver vehicle-environment elements are each complex in themselves. A complete
and accurate description of the behaviour of the road vehicle requires information obtained from a

ot dife £ 4+ i
numper-oetreatrrerenttests:

Since this test method quantifies only one small part of the complete vehicle handling characteristics,
the results of these tests can only be considered significant for a correspondinglylsmall part of the
overgll dynamic behaviour.

Morgover, insufficient knowledge is available concerning the relationship®etween ovérall vehicle
dyngdmic properties and accident avoidance. A substantial amount of work is necessary to acquire
suffitient and reliable data on the correlation between accident aveidance and vehi¢le dynamic
properties in general and the results of these tests in particular. Cohisequently, any applicption of this
test method for regulation purposes will require proven correlation-between test results and accident
statistics.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 18375:2016(E)

Heavy commercial vehicles and buses — Test method for
yaw stability — Sine with dwell test

1 Scope

This International Standard describes an open-loop test method for determining the yaw stability

ial vehicles,
(trucks and
mum weight
d 04).

D.

'riction, this
| as possible

ent and are
For undated
es.

ns for heavy

87-2 and the

| steer input

of a : >
comimercial vehicle combinations, buses and articulated buses as defined in ISO 3838
trailg¢rs with maximum weight above 3,5 tonnes and buses and articulated buses with'maxi
above 5 tonnes, according to ECE and EC vehicle classification, categories M3, N2, N3,'03 an
The method is intended for vehicles equipped with electronic yaw-stability centrol systems
As the results of this test depend largely on local and temporary changeS'in road surface
International Standard gives recommendations about keeping the friction level as uniforn
for gpod reproducibility of the test results.
2 Normative references
The following documents, in whole or in part, are normatively referenced in this docum
indigpensable for its application. For dated referencés; only the edition cited applies. |
referjences, the latest edition of the referenced document (including any amendments) appl
ISO 15037-2:2002, Road vehicles — Vehicle dynamics test methods — Part 2: General conditid
vehidles and buses
3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 8855, ISO 1507
following apply.
31
begipning of steer input
To
time[when the steering-wheel angle input is started
3.2
end of steer input
T
time|when the steering-wheel angle returns to zero at the completion of the sine with dwel
3.3
dwell time
Tq
time interval when the steer input remains constant at absolute maximum amplitude
34
steer frequency
f
1

-

17 %0 d
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maximum steady-state lateral acceleration
maximum lateral acceleration that the vehicle can sustain for the selected test surface during steady-
state cornering at the selected constant longitudinal velocity without yaw or roll instability when the
electronic stability control system is disabled.

3.6
steady-stat

5Hss
smallest ste

3.7
time delay

AT,

1
time differe|
first zero d

amplitude, §

4 Princi

The objectiy
surface wit}
by a steerin|
shown in Fif

e steering-wheel angle amplitude

ering-wheel angle amplitude at maximum steady-state lateral acceleration (3.5)

nce between the yaw velocity of the i:th unit and the yaw velocity of the firstyunit at
rossing when performing the sine with dwell with steady-state steering-wheel

Hss, when 0,5/ f + T, <t <T,

ple

e of this test method is to study the yaw-stability contrel<of a vehicle on a low fri
1 a selected initial longitudinal velocity, vxo, which is subjected to a steering-wheel

g machine. The steer input is a sine with dwell of steerfrequency, f, and dwell time, ]
bure 1. The steering-wheel angle amplitude, 6y, is increased in steps until yaw insta

occurs. The|results are evaluated with respect to responsiveness, yaw stability, and yaw angle
completion pf steer.
Y
Sy
T
Ty Ty X
_61'1
Ty

Key
X time
Y steering

wheel\angle

their
ingle

ction
nput
(4, as
hility
after

Figure 1 — Steering-wheel angle input

5 Measuring equipment

The measuring equipment, transducer installation, and data processing shall be in accordance with

[SO 15037-2

© ISO 2016 - All rights reserved
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Variables

The variables that shall be determined for compliance with this International Standard are the
following:

steering-wheel angle, dy;
longitudinal velocity, vy;

lateral acceleration, ay;

yaw velocity of each unit, v

aw angle of the first unit,y, ;

teral displacement of the first vehicle unit’s first axle, Y7;
indication of intervention of the electronic stability control system (e.g. roll-and yaw);
grticulation angles between vehicle units, Ay;;

indication of the engagement of the anti-jack-knife device.

It is fecommended that the following variables also be determined:

Typi

global position of the first vehicle unit;

lateral velocity, vy, and/or body side slip angle, B, ofithe first unit;
foll angle and roll rate;

longitudinal acceleration, ay;

Wheel brake pressures, pp;

fotational velocity of wheels, wj;

fetarder operation;

fequested engine torque;

dctual engine torque;

iindication of the butriggers touching the ground.

fal operating ranges of the variables to be determined for this International Standard §

re shown in

Tablg¢ 1 and<in¥SO 15037-2.

Tabjée-b — Variables, typical operating ranges and recommended maximum errors of variables

not listed 1in ISO 15037-2

Recommended maximum errors of

Variable Typica:'la(;%(;rating the combined transducer and
recorder system
Brake pressure in air systems 0 kPato 1500 kPa +15 kPa
Brake pressure in hydraulic systems 0 MPa to 30 MPa +0,3 MPa
Rotational velocity of wheels 0°/sto 4 000°/s +5°/s
Lateral displacement +10 m +0,1 m
Yaw angle +180° +1°

© ISO 2016 - All rights reserved
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7 Test conditions

7.1 General

The test conditions described in ISO 15037-2 along with the following changes and additions shall apply
to this International Standard.

7.2 Testtrack

All standard tests should be carried out on an even test surface with a uniform coefficient of friction.

The friction
The friction
the estimati
coefficient, {
temporary (
keeping the

Frozen lake
required in
test surface
coefficient i

NOTE If
limited by th
7.3 Testy

7.3.1 Saf{

An anti-jack
large enoug]
Outriggers {
that corresp

NOTE
loading confi

coefficient shall be estimated before each test series is conducted. It is recommended
on is conducted by full ABS braking. For each test series, the test surface conditiofis, fri
ind paving material shall be reported. As the results of this test depend largely-on loc
hanges in road surface friction, this International Standard gives recomméndations g

friction level as uniform as possible for good reproducibility of the test results.

s are often used to achieve large, open and flat test surfaces. A uniform test surfg

should be newly prepared with all excess snow removed. Factors affecting the fri
nclude sunshine, wind, ambient temperature, fresh snow and test surface usage.

b strength of the ice.
rehicle

ty equipment

-knife device shall be used on vehicle’combinations. It shall allow articulation a
h not to influence the maximum_.performance of the electronic stability control syj

onds to roll instability.

Tlhere is a risk of rollover when the test surface friction coefficient exceeds 0,3 and/or the v

puration results in a high ‘cehtre of gravity.

5 0,2.

tion
| and
bout

ce is

order to reduce the effects of friction variations on the test results)and, consequently, the

ction

h frozen lake is to be used as a test surface, then the maximumuwehicle load and/or test speed dan be

hgles
tem.

hall be used when there is a risk gf rollover. The outriggers should be mounted at a height

bhicle

7.3.2 Loading conditions
The loading|conditions shall’be in accordance with ISO 15037-2.
7.3.3 Test equipment
The vehicle shall'be equipped with a steering machine including driver emergency override functionplity.
The machine—shall-be programmable for the sinewith-dwell-inputwith-different amplituded and
frequencies. The steering machine should fulfil the requirements shown in Table 2.

Table 2 — Performance requirements on the steering machine

Tvpical operatin Recommended maximum errors of
Variable yp P g the combined transducer and
range
recorder system

Steering-wheel torques -40 Nm to 40 Nm 0,2 Nm
Steering-wheel amplitude -360° to 360° 0,25°

© ISO 2016 - All rights reserved
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8 Test method

8.1

Initial driving condition

The initial condition for the test shall be driving straight ahead as specified in ISO 15037-2. A nominal
initial longitudinal velocity, vy, is recommended to be selected between 40 km/h to 80 km/h. The
standard longitudinal velocity is 50 km/h. It is also recommended to conduct the test at higher velocity
if possible.

8.2

Determination of the initial steering-wheel angle amplitude

The ¥
wheg
whic

NOTIH
coeff

8.3

The s
test 1
contl
gear
vehid

To ajg
steel
The ;
time

comprehensive characterization of the vehicle performance. The initial steering input am

be jul
shall

The
runi

9 1

9.1

Gene
ISO 1

rehicle shall be driven at the selected initial longitudinal velocity throughout the test(T]

h corresponds to the steering-wheel angle amplitude, dyss.

To save time, an estimation of dyss based on wheelbase, understeer gradient, steering
cient, and initial longitudinal velocity can be used to determine the initial steering-wheel ang

Performance of the steering procedure

teer input shall be as described in Figure 1. After the time, Ty, the steer angle shall be z
un is finished. During the whole manoeuvre, the acceleratorpedal shall be kept const{
‘ol shall be used. Either option shall be used for the whol¢ test series. For manual tran|
[position that gives an engine speed as close as possible;to the maximum rpm shall be d
le is equipped with a mechanical differential lock, it shall be disengaged.

sure oversteering behaviour in the second phase of the manoeuvre, it is recommen
input frequency, f, is between 0,2 Hz and.0;5°Hz and the dwell time ,Ty, is between 0
tandard steer frequency is f = 0,3 Hz with‘a' dwell time of Tq = 0,75 s. Other frequenci
5, within the specified ranges, are alse‘recommended to be evaluated in order to oh

st below Oyss and is incremented-inSteps not exceeding 5° for subsequent test runs. B
be repeated at least three times'in both the clockwise and counter clockwise turn dirg

hmplitude error comparedtoe the true wave form may not exceed +0,5 % of the first

s finished after reaching steady state or when severe yaw or roll instability occurs.

Data evaluation

General

ral data and test conditions shall be presented in the test report in accor]
5037-2:2002, Annex A. For every change in vehicle loading or configuration, the gener

be d(

he steering-

| angle amplitude is slowly increased until maximum steady state lateral acceleration is reached,

ratio, friction
e amplitude.

ero until the
ANt or cruise
smissions, a
hosen. If the

Hed that the
,5 sand 1 s.
bs and dwell
tain a more
blitude shall
ach test run
pctions.

peak. A test

dance with
hl data shall

cumented.

For every test run, time histories of the variables listed in Clause 6 shall be presented. Apart from their
evaluation purposes, the time histories serve to monitor correct test performance and functioning of
the transducers.

9.2

Characteristic values

The following characteristic values shall be determined for each individual test run.

© ISO

2016 - All rights reserved
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responsiveness

dy

absolute lateral displacement value of the first vehicle unit’s first axle at time 0,5 / f + T, after start of

sine steer input with frequency, f

If there is a deceleration induced by the electronic stability control system during the first part of the
manoeuvre, it will affect the travelled distance at time 0,5/ f + T0 . The travelled distance should then

be taken into account when comparing responsiveness results.

yaw stabili
YSF

absolute yay
the absolute

l'lll,peak is gi

l/Il,peak

Ly factor

v velocity of each vehicle unit at a specific time t after completion of steer with'respect
peak value of the first unit’s yaw velocity, Y1 peak

ven by:

= max(‘y)l(O,S / f+ T, <Time <T, )‘)

The yaw stapility factor (YSF) for the first vehicle unit:

YSF, (t 1

for the tows¢

YSF,(t 4 T,)

for vehicle

The maxim

YSF

i,max

for vehicle

where ‘V/l pka

- vy (4 T))

T

)

‘Wl,peak
d vehicle units:

_ e+

i

‘Wl,peak
nits with i > 1.

Im yaw stability factor:

(t—l—Ti)

. ‘Wi,max

‘W 1,peak
nits with /> 1

k‘ is the absolute value of the second peak, Ti = T1 + ATi, which is including the

to

(W

(2)

(3)

(4)

time

delay in yaw velocity between unit 1 and i, i‘//imaxiis the absolute value of the second peak of the

following units. Fast convergence to zero of the YSF implies good stability. If the YSF increases with
time, it implies instability. These tendencies may be evaluated on a continuous basis or by using a
limited number of points in time, not less than two.

Figure 2 shows an example from a test with a tractor semitrailer combination. Figure 2 shows the yaw
velocities needed for YSF calculations according to Formulae (2) and (3). The last peak of yaw velocity
of the semitrailer occurred due to activation of anti-jack-knife protection.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=90241b5678bb17573f8f1034794c7f5f

ISO 18375:2016(E)

Key
Vi
OH

t

NOTH

velocfty semitrailer, respectively. Yaw velocities at t = 1,and t = 2 s are marked.

Figuyre 2 — Tractor semitrailer combination experiencing trailer swing out after cor

final

llll,fin

yaw pngle of the first unitatthe completion of a test run where the vehicle attains a stead
condjition

NOTH

sign for initial clockwise steering.

maxj

s Su
30 T T T T T T 150
l/‘}Z_max(?"g + TZ)
Pal 4 100
':'/ \"‘ i 50
T, P (2+TY) .
’_/‘\. — . / \/\\m Lo 0
/ )”' A+, :
N ‘ P, (2+T,) 4 K50
- 5
[ S T P
b2 (1+T) O o
. t
ll}l,peak
-30 1 1 1 1 1 1 -150
0 2 4 6 8 10 12 14

yaw velocity (deg/s)
steering Wheel angle (deg)

time (s)

Solid, dashed, and dotted lines correspond to¥steering wheel angle, yaw velocity trad

steer, equipped with anti-jack-knife protection

yaw angle

al

For an initidl counter clockwise steering, a negative value of final yaw angle is expected

tor, and yaw

npletion of

y state

and positive

mum yaw angle

maximum yaw angle of the first unit during the test run

The following characteristic values shall be determined for vehicle combinations.

maximum articulation angle

maximum articulation angle between units shall be evaluated

© ISO
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indication of anti-jack-knife protection

by activated anti-jack-knife protection

The following characteristic is optional.

indication of roll instability

by outriggers touching the ground

© ISO 2016 - All rights reserved
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Annex A
(normative)

Test report — General data and test conditions

A.1 General data

The test report for general data shall be as given in ISO 15037-2:2002, Annex A.

A.2 | Test conditions

The test report for test conditions shall be as given in ISO 15037-2:2002, AnneXx B.

© IS0 2016 - All rights reserved 9
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Annex B
(informative)

Example of reporting of sine with dwell tests

Table B.1 — Simulation results for sine with dwell for a 4 x 2 tractor semitrailer combination

—with-connected-gross-combination-weight of 26-metrictonnes—————

ESC | | Max Max
yaw art.
SWA :ﬂ; velocity Resp. Final yaw angle YSF1 YSF2 ngle
iy
On 1] |4, %”0] Vi (0+T1) o+ 1) | @1 | WoaaT)| | 2+ Ty
el rad/sh | 1s <O 1 peak /1 peak W6t peak V1 peak
[m] <0,7" <035 <09" <0,45"
60 0 0,17 1,54 -0,15 0,03 0,01 0,06 0,01 59
65 0 0,18 1,65 -0,16 0,04 0,00 0,08 0,01|| 6,6
70 0 0,19 1,75 -0,18 0,05 0,00 0,12 0,01 7.3
75 0 0,21 1,84 -0,19 0,05 0,01 0,17 0,02|| 81
80 0 0,22 1,93 -0,21 0,04 0,02 0,22 0,03 8,9
85 0 0,24 2,02 -0,24 0,03 0,00 0,19 0,07 9,9
90 0 0,25 2,10 -0,29 0,05 0,04 0,06 0,171 10,9
95 0 0,26 2,17 -0,36 0,04 0,05 0,50 0,35(] 12,2
100 0 0,28 2,23 10,49 0,50 0,03 0,95 0,17 13,6
105 0 0,29 2,29 -0,70 0,66 0,42 0,81 0,89|| 15,5
110 0 0,31 2,34 -1,00 0,72 0,59 0,66 0,64|| 18,7
115 0 0,32 2,39 -2,09 0,77 0,71 0,55 0,50([179,5
120 0 0,33 2/43 -2,75 0,81 0,81 0,48 0,40 |1179,7
(\Q‘v
60 1 0,17 1,54 -0,15 0,03 0,01 0,06 0,01 59
65 1 0,18 1,65 -0,16 0,04 0,00 0,08 0,01|| 6,6
70 1 0,19 1,75 -0,18 0,05 0,00 0,12 0,01 7.3
75 1 6,21 1584 -6;19 6,85 6,01 6,17 8,021 8,1
80 1 0,22 1,93 -0,21 0,04 0,02 0,22 0,03| 89
85 1 0,24 2,02 -0,24 0,03 0,00 0,19 0,07 9,9
90 1 0,25 2,10 -0,29 0,05 0,04 0,06 0,17 10,9
95 1 0,26 2,17 -0,34 0,05 0,07 0,38 0,34| 12,2
100 1 0,28 2,23 -0,40 0,17 0,01 0,71 0,26 13,6
105 1 0,29 2,29 -0,43 0,24 0,01 0,83 0,07| 15,4
110 1 0,31 2,34 -0,46 0,27 0,05 0,82 0,10| 17,4
NOTE 1 Software in the loop version of Electronic Stability Control is both disabled and enabled.
NOTE 2 The values are just examples of what could be expected for good responsiveness and stability for a tractor semitrailer.

10 © IS0 2016 - All rights reserved
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