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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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Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
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on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any
cons

For 4
as w
Tech

The
dyna

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

In explanation on the meaning of ISO specific terms and expressions related to conformityj
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Introduction

The main purpose of this document is to provide a repeatable and discriminatory method for comparing
simulation results to measured test data from a physical vehicle for a specific type of test.

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
interactions of these driver-vehicle-environment elements are each complex in themselves. A complete
and accurate description of the behaviour of the road vehicle involves information obtained from a
number of differenttests-

Since this tdst method quantifies only one small part of the complete vehicle handling charaeteriptics,
the validatign method associated with this test can only be considered significant for a correspondjingly
small part of the overall dynamic behaviour.
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Passenger cars — Validation of vehicle dynamic simulation
— Sine with dwell stability control testing

1 Scope

This document specifies a method for comparing computer simulation results from a vehicle
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3.1
simu
calcu

eNTatical Tmodet to test data Medasured for aIr existing velticie urmdergoing Site witt
hre typically used to evaluate the performance of an electronic stability control (ESE)
arison is made for the purpose of validating the simulation tool for this type of.test w
riants of the tested vehicle.

Ipplicable to passenger cars as defined in ISO 3833.

The sine with dwell test method described in this document is based on the test metho
ations USA FMVSS 126 and UN/ECE Regulation No. 13-H.

Normative references

following documents are referred to in the text in such*a way that some or all of t
fitutes requirements of this document. For dated feferences, only the edition cited
ted references, the latest edition of the referenced@document (including any amendme

9364, Passenger cars — Vehicle dynamic simulation and validation — Steady-state cir{
viour

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 1176, ISO 241
855 and the following apply.

nd IEC maintain termirnological databases for use in standardization at the following 2

IEC Electropediai-available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

lation
latiofvef motion variables of a vehicle from equations in a mathematical model of the ve

3.2

dwell tests
system. The
rhen applied

1 specified in

heir content
applies. For
hts) applies.

tular driving

b, ISO 3833,

ddresses:

hicle system

simulation tool
simulation (3.1) environment including software, model, input data, and hardware in the case of
hardware-in-the-loop simulation

3.3

electronic stability control system
ESC system

control system that intervenes to maintain directional stability of vehicle and responsiveness on
steering input
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3.4

sine with dwell test

test in which the vehicle is steered by a robot using a steering pattern of a sine wave at a frequency of
0,7 Hz with a delay of 500 ms beginning at the second peak amplitude

Note 1 to entry: See Figure 1.

Y

IVA

t
500 ms
-6

Key

Y steering{wheel angle

t time

Figure 1 — Steering-wheel input for a'sine with dwell test

3.5

sine with dwell test series
series of sine with dwell tests (3.4) in which the amplitude of the steering pattern is increased [with
each test

3.6
beginning of steer
BOS
time at whigh the steering begins for a sine with dwell test (3.4)

3.7
completion|of steer
CcosS
time at whigh the stéering is completed for a sine with dwell test (3.4)

3.8
ESC system|péerformance standard
published standard, typically issued by a regulatory organization, that defines ESC system (3.3)
performance requirements using a sine with dwell test (3.4) series

Note 1 to entry: For example, UN/ECE Regulation No. 13-H or USA FMVSS 126.

4 Principle

A sine with dwell test sequence is used to evaluate the behaviour of a vehicle with ESC. In this sequence,
the vehicle is subjected to two series of tests that are run using a steering pattern of sine with dwell
as shown in Figure 1. One series uses counterclockwise steering for the first half cycle, and the other
series uses clockwise steering for the first half cycle.

2 © IS0 2016 - All rights reserved
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Within this document, the purpose of the test is to demonstrate that a simulation tool can predict vehicle
behaviour in the sine with dwell test sequence as described in a specific ESC system performance
standard.

A comparison is made between measured and simulated behaviour using samples taken at a few
specified points during each run, using tolerances specified in this document.

A simulation tool being evaluated for use with the sine with dwell test should first be validated for
steady-state circular driving behaviour as specified in ISO 19364. A simulation tool that cannot
reproduce steady-turning behaviour should not be considered for use in simulating the sine with dwell
response.

5 Variables

The |following variables shall be measured from the physical testing andvobtained from the
simullation tool:

— gteering-wheel angle;
— Yyaw rate;

— liateral acceleration.

6 S$imulation tool requirements

6.1 | General

The §imulation tool used to predict behaviour of-avehicle of interest shall include a mathemptical model
capaple of calculating variables of interest (see Clause 5) for the test procedures being sjmulated. In
this locument, the mathematical model is used to simulate a sine with dwell test series as|specified in
the HSC system performance standard of interest.

The procedure for obtaining input data from experiments may differ for simulation tools; however, the
inpuf data shall not be manipulated for better correlation. However, adaptation of input data to actual
testipg conditions such as road friction should be allowed.

6.2 | Mass and inertia

The mathematicaldmipdel should include all masses, such as the chassis, engine, payloadfs, unsprung
masges, outriggers;-etc. The value of the mass, the location of the centre of mass, and moments and
products of inertia are essential properties of the vehicle for the tests covered in this document.

Vehic¢les ,with significant torsional frame compliance require a more detailed representation that
incluldes frame-twist effects that occur in extreme manoeuvres.

6.3 Tires

The vertical, lateral, and longitudinal forces and aligning and overturning moments where each tire
contacts the ground provide the main actions on the vehicle. The fidelity of the prediction of vehicle
movement depends on the fidelity of the calculated tire forces and moments. Differences between
the tire force and moment measurements used for the model and those used in vehicle testing can be
expected due to different wear and aging histories. Although difficult to account for these differences, it
is important to acknowledge and understand them.

Large lateral slip angles and camber angles can occur under the conditions covered in this document.
Large longitudinal slip ratios might be generated as a result of intervention of the ESC. The tire model
shall cover the entire range of slip (lateral and longitudinal), inclination angle relative to the ground,
and load that occur in the tests being simulated. Note in particular that the tire lateral force reduction at

© IS0 2016 - All rights reserved 3
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high slip angles is a critical characteristic that shall be comprehended by the tire testing and modelling.
The effect of combined tire lateral and longitudinal slip on forces and moments shall also be modelled.

The surface friction coefficient between the tire and ground is an important property for the limit
friction conditions that are typically encountered in a sine with dwell test series.

The simulated tests take place on a flat homogenous surface; detailed tire models that handle uneven
surfaces are not needed. If the test surface has inclination for water drainage, this should be included in

the simulation.

6.4 Suspensions

The propert
loaded agai
correct tire

ies of the suspensions that determine how the tire is geometrically located, orientéd|
st the ground shall be represented properly in order for the tire model to generat
forces and moments. The suspension properties also determine how active.and rea

forces and moments from the tires are transferred to the sprung mass.

The suspen|
suspension
physical sys|

The model {
jounce and 1
stiffness.

sion properties should include change of location and orientation of\the wheel d
vertical deflection, steering, and compliance due to applied load aswould be measure
tem in kinematics and compliance (K and C) tests.

shall cover the full nonlinear range encountered in the sine, with dwell tests for spi
ebound bumpers, and auxiliary roll moments due to anti-roll*bars and other sources @

!

and
b the
ctive

e to
ina

ings,
froll

Rate-depenglent forces such as shock absorbers are significant anid'should cover the range of suspepsion

jounce and {1

6.5 Steer
The steering

The sine wit
kinematical
wheel angle

The model s
NOTE B¢
steering-whe

capacity can
source of dis

6.6 Aerof
The model

ebound rate encountered in the sine with dwell tests.

ing system
F system interacts with the suspensions.te determine how the tire is oriented on the gr

h dwell test requires that a robotprovide steering wheel control. The model should in
and compliance relationships needed to calculate the road wheel angles from the stee

hould include the effects ofactive control systems, if applicable in the sine with dwell {

cause a robot contrpller provides the steering, the model does not need to predict the assoc
el torque for this document. However, it should be recognized that inadequate steering robot t

und.
tlude
ring-
ests.

iated
rque

result in steering\displacement inputs that do not match the intended displacements. This caf be a

repancy between simulation and test results.

lynamies

sliould include aerodynamic effects that influence tire load and overall vehicle dralg for

speeds up t

QAl /1
OU RIII/1I.

6.7 Brake system

The vehicle brake model shall include the actuators and dynamic response properties that affect the
interventions generated by the ESC. Accurate prediction of the dynamic interaction of the brake torque
and the controls from the ESC, including the sequence of brake torque application, are critical for
successful simulation of sine with dwell testing.

6.8 Powertrain

In the sine with dwell manoeuvre covered in this document, the vehicle is coasting in the highest gear
from an initial speed of 80 km/h. The model should include the drag on the driven wheels, as needed to
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replicate this behaviour. Inertial effects that influence the wheel spin dynamics during ESC intervention
shall be included.

Other aspects of powertrain behaviour that are important for other kinds of tests (engine power,
dynamic responses to throttle, shifting and clutch behaviour) are probably not needed for the coast-
down condition of this manoeuvre; however, if a chassis control system engages, then any aspects of the
powertrain that influence the controller behaviour shall be included in the powertrain model.

6.9 Active control system (ESC system, active roll control, etc.)

Any electronic control system that engages in the physical vehicle for the sine with dwell manoeuvre
covered in this document shall be included in the simulated version. In particular, the reprdsentation of
the HSC system is critical to the validity of the simulation.

Physjcal controllers and/or mechanical components may be linked to the simulated vehicle by
hardware-in-the-loop.

The ¢ontrol system model shall include actuators that are not already part'ef'the vehicle brake model
(see p.7), transfer delays, and control logic.

The fransmission behaviour of the signal quality and the time delay should be included in the model.

6.1(Q Data acquisition

Procgdures for extracting signals from the simulation shouldmimic the procedures used to obtain signals
from| the physical vehicle for the variables listed in Clause 5. For example, sensor location,|orientation,
dataprocessing including filtering, etc. in the simulatién should match the physical test setulp.

6.11 Driver controls

The g§imulation tool shall be capable of providing steering control for the sine with dwell teft.

7 Physical testing

7.1 | General

An existing vehicle of interest shall be tested using the sine with dwell test sequence as dé¢fined in the

applllgable ESC system-performance standard. The applicable ESC system performance standard shall
be identified in theréport.

NOTH This~-document does not define all of the details of the testing procedure; these details|are obtained
from|the applicable ESC system performance standard. This subclause does describe the parfs of the test
procedure that are typically simulated.

7.2 —Comditioning thevehicte

The vehicle is prepared as described in the applicable ESC system performance standard. This involves
loading as needed with fuel and ballast, setting tire pressures, possibly installing outriggers to prevent
rollover, and other steps covered in published test descriptions. Once equipped, the vehicle is typically
exercised to condition the tires and brakes.

7.3 Slowly increasing steer tests

7.3.1 Slowly increasing steer procedure

The vehicle is subjected to two series of runs of the slowly increasing steer test using a constant vehicle
speed of (80 *+ 2) km/h and a steering pattern that increases by 13,5°/s until a lateral acceleration of

© IS0 2016 - All rights reserved 5
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approximately 0,5 g is obtained. Three repetitions are performed for each test series. One series uses
counterclockwise steering, and the other series uses clockwise steering.

7.3.2 Reference steering wheel angle “A”

The quantity “A” is determined from the slowly increasing steer tests, where “A” is the steering-wheel
angle in degrees that produces a steady-state lateral acceleration (corrected using methods specified in
the ESC system performance standard) of 0,3 g for the test vehicle. “A” is calculated by linear regression to
the nearest 0,1°, from each of the six slowly increasing steer tests. The absolute values of the six “A” values
are averaged and the result is rounded to the nearest 0,1° to produce the final quantity, “A”, used below.

7.4 Sine with dwell test series

7.4.1 Sine with dwell steering pattern

The vehicle|is subjected to two series of test runs using a steering pattern of sing with dwell (see
Figure 1). Opne series uses counterclockwise steering for the first half cycle and the other series|uses
clockwise sfeering for the first half cycle.

7.4.2 Spepd

The steering motion is initiated with the vehicle coasting in high gear,at/(80 * 2) km/h.

7.4.3 Stee¢ring amplitude

The steering-wheel angle amplitude for the initial run of each series is 1,5 A, where “A” is the steering-
wheel angle|determined in 7.3.2.

In each serigs of test runs, the steering amplitude is.increased from run to run by 0,5 A, provided that
no such runjwill result in a steering amplitude greater than the final run amplitude specified in 7.4.4.
7.4.4 Ste¢ring amplitude for final runs in a series

The steering-wheel angle amplitude ,of:the final run in each series is the greater of 6,5 A or R70°,
provided the calculated magnitude,of-6,5 A is less than or equal to 300°. If any 0,5 A increment, jip to
6,5 A, is greater than 300°, the steering amplitude of the final run shall be 300°.

7.5 Dataprocessing

7.5.1 Filtering and.¢conditioning

Raw measufements of steering-wheel angle, steering-wheel rate, yaw rate, and lateral accelerption
shall be filtdred'and conditioned as specified in the applicable ESC system performance standard.

7.5.2 Lateral displacement

The lateral displacement of the vehicle centre of gravity with respect to its initial straight path is
obtained by double-integrating the lateral acceleration signal measured by a transducer located near
the vehicle centre of gravity.

7.5.3 ESC

In each sine

system intervention

with dwell test, it shall be noted whether the ESC intervenes.

© ISO 2016 - All rights reserved
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7.6 Performance requirements

7.6.1 Stability criteria

During each sine with dwell test, the vehicle shall satisfy the following two directional stability criteria,
as specified in the applicable ESC system performance standard.

a) The value of yaw rate measured 1 second after the COS time shall not exceed 35 % of the value of
the first peak value of yaw rate recorded after the steering-wheel angle changes sign (y, in
Figure 2).

b) The value of yaw rate measured 1,75 seconds after the COS time shall not exceed 20 %] of the value

f the first peak value of yaw rate recorded after the steering-wheel angle changes'[sign (y, in

Figure 2).

© IS0 2016 - All rights reserved 7
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Y1
6
0
t
500-ms
5 /
Y2
'7/)1 /
0 AN 2
/\// t
v,
Ty Tg+ Tc Ty To+1 To+ 1,75
Key
Y1 stedring-wheel angle
Y2 yaw| rate
t time
TB beglnning of steer{BOS)
To conjpletion of steer (COS)
Tg + Tc zerg crossing.fer yaw rate
Figure 2|-<Relationship between yaw rate information and sine with dwell steering-whelel

angle input

7.6.2 Responsiveness criterion

During each sine with dwell test, the lateral displacement of the vehicle centre of gravity with respect
to its initial straight path, computed 1,07 seconds after the BOS time, shall meet the requirement of the
applicable ESC system performance standard.
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8 Simulation

8.1 Limits on the simulated procedure

The simulation tool shall be configured to simulate the sine with dwell test series described in 7.4.
Because the computer simulations are not sensitive to some factors of interest in physical testing, not
all of the details specified in the ESC system performance standard apply.

Actions taken to prepare a physical vehicle for testing, such as checking tire pressures, driving
manoeuvres to warm up the tires and brakes, and so on, might not be needed for the simulation tool.

8.2 | Slowly increasing steer tests

For the purpose of this document, the same steering-wheel angle inputs are used far both simulation
and physical testing.

The yeference steering-wheel angle amplitude “A” may be obtained from the physical testing results or
from|simulation of the slowly increasing steer test. In either case, the same amplitude “A” ghall be used
for bpth simulation and physical tests in the sine with dwell series desctibed in 7.4.

8.3 | Sine with dwell test series

The $ine with dwell test series described in 7.4 is simulated,
8.4 | Data processing

8.4.1 Filtering and conditioning

Timg histories of the variables of interest (see Clause 5) should be filtered in the same manner as the
meagured signals.

NOTH ESC system performance standards typically specify phaseless low-pass filtering to reduce
measjurement noise yet not disturb, the phase relationships between the measured variables. Tjme histories
of th¢ variables of interest from simulation are typically not subject to measurement noise, and therefore, the
filter|ng and conditioning specified)in the ESC system performance standard might not be necessarf.

8.4.2 Lateral displacement

The |ateral displacement of the vehicle centre of gravity with respect to its initial straight path is
obtalned by double-integrating the lateral acceleration of the vehicle centre of gravity, cofresponding
to the signal defined for the test data in 7.5.2.

Vehic¢le simulation tools can typically provide the lateral coordinate of the vehicle centre of gravity
withput errors introduced by the approximations underlying the double-integration methpd specified
eve ' ' idation, the same

9 Comparison between simulation and physical test results

9.1 Steady state turning validation

A simulation tool being evaluated for simulating tests specified in the ESC system performance standard
shall also be validated for steady-state circular driving behaviour using the cross plots of steering-
wheel angle, side slip angle, and roll angle versus lateral acceleration, as specified in ISO 19364. A tool
that cannot reproduce steady-turning behaviour shall not be considered for use in simulating response
for an ESC system performance standard.

© IS0 2016 - All rights reserved 9
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9.2 Metrics from a sine with dwell series

9.2.1 Gen

eral

The comparisons provided in this document can extend the validation to include the transient behaviour
seen in the sine with dwell test. The simulation and physical test results are compared on the basis of
values of variables recorded at the specific conditions described in 7.4, 7.5, 8.3 and 8.4.

9.2.2 Number of first test run in which ESC intervention occurs

The number_of the first run in each of the two series of sine with dwell test runs (see 7.4) in whic

ESC

interventioi
the simulatd

NOTE Cd
(speed, vibra
of test runs.

agreement b
may differ be

9.2.3 Tesf

9.2.3.1 Gg

Metrics frol
simulation f]

9.2.3.2 L4
Metrics are

For examplg
steering ocq
run, then m

9.2.3.3 Fi
Metrics are

For examplg
steering ocq
run, then m

9.2.34 L4

occurs for the physical testing shall match the corresponding number for the first
d series in which ESC intervention occurs, with a tolerance of +1 test run number:

nditions thatlead to an ESC intervention are sensitive to test conditions that are not fully reped
Fions, wind, etc.), such that the first run in which intervention occurs can differ with-repeated j

ptween repeated series of physical test runs; therefore, first runs in which ESCintervention o
tween a series of simulations and physical tests.

L runs used for comparison

tneral

m the physical testing shall be compared to the corresponding metrics obtained
pr three of the test runs for each direction.

st run without ESC intervention

, if the first intervention in the seriés of physical test runs with initial counterclocK
urs in the fourth run, and the first intervention in the simulated series occurs in the
ptrics shall be compared for the third run from each series.

rst run with ESC intervention
compared for the firSt run after intervention in both physical testing and simulation.

, if the first iftervention in the series of physical test runs with initial counterclock
urs in the fotrth run, and the first intervention in the simulated series occurs in the
ptrics shdll)be compared for the fifth run from each series.

st.run

compared for the last run without inter¥eéntion in both physical testing and simulatior].

N in

table
eries

Agreement between the simulation and the physical testing is not expected to’be better than the

ccurs

from

wise
fifth

wise
fifth

Metrics are compared for the last run from each series.

9.2.4 Metric definitions and tolerances

9.2.4.1 General

Metrics obtained from the physical tests shall be subtracted from the corresponding metrics from the
simulated tests. Those differences shall be compared to the tolerances listed in Table 1. The metrics

named in th

10

e table are defined below.
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