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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 2.
The main task of technical committees is to prepare International Standards. 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 document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9816 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 9, Vehicle
dynamics and road-holding ability.

This second edition cancels and replaces the first edition (ISO 9816:1993), which has been technically revised.
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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 unique closed-loop system. The
task of evaluating the dynamic behaviour is therefore very difficult, since there is a significant interaction
between these driver-vehicle-road elements, each of which is complex in itself. A complete and accurate
description of the behaviour of the road vehicle must inevitably involve information obtained from a number of
tests of different types.

Since the power-off test procedure quantifies only one small part of the complete handling characteristics, the
results of this test can only be considered significant for a correspondingly small part of the overall dynamic
behaviour.

Moreover, insufficient knowledge is available concerning the relationship between accident avoidance and the
dynamic characteristics evaluated in this test. A substantial amount of effort 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 these test methods and test results for regulation purposes at present. The
best that can be expected is that the power-off test is used as one among other tests, whose results together
describe an important part of vehicle dynamic behaviour.

Test conditions and tyres have a strong influence on test results. Therefore, only vehicle dynamic properties
obtained under identical test and tyre conditions are comparable to one another.
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INTERNATIONAL STANDARD ISO 9816:2006(E)

Passenger cars — Power-off reaction of a vehicle in a turn —
Open-loop test method

1 Scope

This International Standard specifies open-loop test methods to determine the reactions of a vehicle in a turn
to a sudden drop in motive power resulting from release of the accelerator pedal. It applies to passenger cars
as defined in ISO 3833.

The open-loop manoeuvre specified in this test method is not representative of real driving conditions, but is
useful to obtain measures of a vehicle’s power-off behaviour resulting from specific types of control inputs
under closely controlled test conditions.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3833, Road vehicles — Types — Terms and definitions

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

ISO 15037-1:2006, Road vehicles — Vehicle dynamic test methods — Part 1: General conditions for
passenger cars

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8855, the general conditions given
in ISO 15037-1, and the following terms and definitions shall apply.

3.1

power-off

vehicle operating condition where the vehicle is in gear and the accelerator pedal is fully released, especially
when initiated by a sudden release of the accelerator pedal

3.2

instant of power-off initiation, ¢,
moment in time when a rapid release of the accelerator pedal is initiated

© 1SO 2006 — All rights reserved 1
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4 Principle

The purpose of this test procedure is to determine the effect of a sudden initiation of a power-off condition on
the course holding and directional behaviour of a vehicle, initially operating in steady-state circular motion.

The initial conditions are defined by constant longitudinal velocity and by a circular path with a given radius.
The power-off disturbance is introduced by a sudden release of the accelerator pedal. The steering-wheel
angle required for the steady-state circular run is then 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 test may be performed using two alternative test methods:

a) A constant-radius test method, where the initial conditions are defined by driving on a fixed-radius circular
path and lateral acceleration is incrementally increased in the test runs by increasing the initial test speed.

b) A constant-speed test method, where the initial conditions are defined by a constant test speed and
lateral acceleration is incrementally increased in the test runs by increasing the initial steer angle,
resulting in operation on successively smaller initial path radii.

The constant-radius test method has the advantage of requiring only one test arc, and therefore demands less
testing space than the constant-speed test. The test course is similar to curves on rural roads or exit ramps
from high-speed roadways. The test method includes varying initial engine speed, and thus, varying
deceleration due to engine braking. For both test methods, the initial steering-wheel angle will change as
lateral acceleration increases. The constant-radius test method demands some driver sKkill, as the test driver
must establish initial steady-state cornering conditions, while following the fixed-radius path.
The constant-speed test method maintains a constant initial engine speed, and thus, a constant deceleration
due to engine braking at power-off. The deceleration achieved in practice depends on the test conditions and
car properties: among others, the combination of engine speed and gear needed for the chosen longitudinal
velocity. This test method may be performed using either a series of fixed-radius arcs or a series of fixed
steering-wheel angles, with no constraint on vehicle path. The unconstrained-path method places low
demands on driver skill, as the requirement to maintain a fixed initial path is not present. The disadvantage of
this test method is that a large test surface is required, particularly if high initial test speeds are to be
evaluated.

The test results from the two test methods are not comparable, except for the same combination of initial path
radius and speed.

5 Variables

5.1 Reference system

The reference system specified in ISO 15037-1 shall apply.

5.2 Variables to be determined

The following variables shall be determined:
— instant of power-off initiation, 7 ;

— steering-wheel angle, J ;

— yaw angle, y, or yaw velocity, v ;

— longitudinal velocity, vy ;
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— lateral acceleration; ay ;

— sideslip angle, g, or lateral velocity, vy .

In addition, the following variables may be determined:

— longitudinal acceleration, ay .

The variables are defined in ISO 8855, except the instant of accelerator pedal release ¢3, which is the instant

at which the accelerator pedal is released (see 8.3). The variables are not intended to comprise a complete
list.

6 Measuring equipment

6.1 Description

The variables selected for test purposes shall be measured by means of appropriate transducers. Their time
histories shall be recorded by a multi-channel recording system having a time base. Typical operating ranges
and recommended maximum errors of the transducer and recording system are as specified in 1ISO 15037-1

and Table 1. In the context of this International Standard, these values should be considered as provisional
until more experience and data are available.

6.2 Transducer installations

The requirements of ISO 15037-1 shall apply.

6.3 Data processing

The requirements and specifications of ISO 15037-1 shall be followed.

7 Test conditions

Limits and specifications for the ambient and the vehicle test conditions established in 1ISO 15037-1 shall be
followed.

In addition, for standard test conditions, the adjustment and condition of the engine and drive train (especially
the differentials, clutches, locks, free-wheel shifts, engine idle-calibration) shall correspond to the vehicle
manufacturer’s specifications.

Table 1 — Typical operating ranges and recommended maximum errors for recorded
variables — additions and exceptions to ISO 15037-1

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

Instant of power-off initiation — 0,05s

Yaw angle —180° to 180° +2°

NOTE Increased measuring accuracy may be desirable for computation of some of the characteristic values given
in Clause 9.
© 1SO 2006 — All rights reserved 3
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8 Test method

8.1 Warm-up

The procedure specified in ISO 15037-1 shall be followed to warm up the tyres and other vehicle components
prior to the test.

8.2 Initial driving condition

8.2.1 General

For both the constant-radius and the constant-speed test methods, the initial driving condition is a
steady-state circular run as defined in ISO 15037-1.

For either test method, the initial runs shall be conducted from a steady-state circular condition in which a
lateral acceleration of about 4 m/s? is achieved. In successive runs, the steady-state lateral acceleration of the
initial turn shall be increased incrementally from run to run in steps of not more than 1m/s2. It is
recommended that increments of 0,5 m/s2 or less be used when the power-off response changes significantly
between runs at the larger increment (1 m/s2).

For vehicles with manual transmission, the test shall be performed in the lowest gear possible, but not in first
gear. The engine speed shall not be higher than 80 % of the engine speed at the maximum power point, as
specified by the vehicle manufacturer. If the increase in vehicle speed during a constant-radius test requires a
gear change, the previous speed shall be run in both gears.

For vehicles with automatic transmission, the standard drive mode shall be used. The position of the
transmission lever and the selected driving programme shall be recorded in the test report (see Annex A).

Cars with adaptive gear selection or CVT may use different gears or ratios at a given speed. For such cars,
engine speed shall be recorded for the purpose of determining gear ratio. It shall be recorded in the test report.

8.2.2 Initial driving condition — constant-radius method

During the initial driving condition, the vehicle shall be steered in such a manner that the reference point of the
vehicle moves on a circular path of the desired radius. As it is known that the significance of the results and
the ability to discriminate between different vehicles increase with increasing test speed, the standard radius
of this path shall be 100 m. Smaller radii may be used. The minimum permissible radius is 30 m, but the
recommended minimum radius is 40 m.

From run to run, the initial driving speeds shall be those which establish the required steady-state lateral
accelerations as described in 8.2.1.

8.2.3 Initial driving condition — constant-speed method

The standard speed for the initial driving condition is 100 km/h. If higher or lower test speeds are selected,
they shall be in 20 km/h increments.

From run to run, the steady-state lateral accelerations as required in 8.2.1 shall be established by either of the
following two methods.

— The test runs may be performed using a series of discrete turn radii, consisting of a number of marked
circles or circular segments with different radii chosen to establish the required initial lateral accelerations
at the selected test speed.

— The test runs may be performed using a series of discrete, constant steer angles (with no constraint on

initial vehicle path) chosen to establish the required initial lateral accelerations at the selected test speed.
The use of an adjustable steering stop is recommended for maintaining constant steer angles.
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8.3 Power-off procedure

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 the conditions defined in
ISO 15037-1 are fulfilled.

For the constant-radius method, the radius in the initial driving condition may not deviate by more than + 2 %
of the desired value or + 2 m, whichever is smaller, during the time interval of 1,3 s to 0,3 s before power-off
initiation.

For the constant-speed method, the longitudinal velocity in the initial driving condition may not deviate by
more than + 1 km/h of the desired value during the time interval of 1,3 s to 0,3 s before power-off initiation.

When the initial steady-state driving condition has been established, the steering wheel shall be held fixed by
a mechanical device or, alternatively, shall be firmly held by the driver.

The accelerator pedal shall be released as quickly as possible. On vehicles with manual transmission, the
clutch shall be kept engaged. On vehicles with automatic transmission, the shift lever shall remain in the initial
position.

The data signal indicating the instant of power-off initiation, ¢, shall be generated when the foot force on the
acceleration pedal is lower than 10 N (contact switch).

The transducer signals shall be recorded from at least 1,3 s before to at least 2 s after the instant of power-off
initiation. This recording period shall be extended by the settling time of all filters used during recording (0,2 s
to 1 s, 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 improve accuracy, it is recommended that at least three valid test runs be performed for each lateral
acceleration level (see 8.2.1).

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

9 Data evaluation and presentation of results

9.1 General

General data shall be presented in the test report as referred to in Annex A. For every change in equipment of
the vehicle (e.g. load), the general data shall be documented again.

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. which characteristic values) best describe the dynamic reaction of vehicles.
The following specified variables therefore represent only examples for the evaluation of results.

9.2 Time histories
For every test run, time histories of the variables listed in Clause 5 shall be presented. Apart from their

evaluation purposes, the time histories serve to monitor correct test performance and functioning of the
transducers (see Figure B.1).

9.3 Initial point in time ¢,

The initial point in time #; for the following characteristic values is the instant of the power-off initiation.

© 1SO 2006 — All rights reserved 5
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9.4 Characteristic values

9.4.1 General

The characteristic values should be determined and presented as functions of the initial steady-state lateral
acceleration (see Annex B). The characteristic values in the steady-state condition are defined as mean
values during the time interval 1,3 s to 0,3 s before power-off initiation 7. The other characteristic values are
determined during an observation period beginning at 7; and ending 2 s later. The representative values at ¢,
shall be calculated by taking the mean values during the time interval from ¢, — 0,1 sto 7, + 0,1 s. For standard
evaluation the actual time is 7, = 7 + 1 s, but 1, may also assume additional values.

For each set of initial conditions, calculate and plot the characteristic values listed below. The reference
values of yaw velocity and lateral acceleration used in some of the formulas that follow are those values which
would have occurred at time ¢, had the initial turn radius been maintained while the vehicle proceeded at its
actual longitudinal velocity vy ,, if the initial radius were maintained by the vehicle. They are defined as
follows:

o VX, ¢
Reference yaw velocity: yges , = 2
0
2
L VX, i
Reference lateral acceleration: ay ges , = o
0
NOTE The throttle-off behaviour of passenger cars is normally designed in a way that the vehicle slightly decreases

the radius of curvature of the driving path after the initiation of throttle-off. Therefore, the reference course that would be
followed, if the vehicle were to maintain the exact same turn radius after throttle-off is not necessarily the ideal course.
This should be kept in mind for the assessment of the following evaluation metrics.

9.4.2 The mean longitudinal acceleration during the time interval 7, to ¢, (see Figure B.2):

Vx,0 ~Vx,

n =f1 (ay,o)

-7 =
Xt t, — 1

9.4.3 The ratio of the value of the yaw velocity at time ¢, to the value of the reference yaw velocity at time ¢,
(see Figure B.3):

L:fz (ay o)

V}Ref, ty

9.4.4 The ratio of the maximum value attained by the yaw velocity to the corresponding reference value of
the yaw velocity (see Figure B.4):

v
— M = f3 (ay o)
YRef, fmax

where ¢ is the instant when the maximum value of the yaw velocity is reached.

max

9.4.5 The difference between the values of the instantaneous yaw velocity at time 7, and the reference yaw
velocity at time ¢, (see Figure B.5):

. . . VX, 1,
=V, ~VYRefr, =¥, ~ = f4lay o)

Ay, —

n
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9.4.6 The maximum value of the difference between the yaw velocity during power-off and the affiliated
reference yaw velocity (see Figure B.6):

VX, ¢

Avmax = (Vi —VReti) __ = [m - ] = fs(ay,0)
max

9.4.7 The instantaneous value of yaw acceleration evaluated at time ¢,. Time ¢, would typically be one
second after throttle release, expressed as ¢, = t5 + 1 s. Yaw acceleration may be computed by differentiating
yaw velocity (see Figure B.7):

.. dy
Vi, Zd—l';/ = /6 (ay,0)

tﬂ

9.4.8 The ratio of the value of the lateral acceleration at time ¢, to the reference value of the lateral
acceleration at time ¢, (see Figure B.8):

ay, ¢ R
— =0 = £ (ay )

ay Ref:, R

n

9.49 The maximum value of the sideslip angle during the observation period and the time #,,,, (Beta-Max)
expressing the time passed after ¢, until the maximum was reached (see Figure B.9):

Bmax = fe-1(ay,0) tom = fg-2 (ay,0)

9.4.10 The difference between the values of the sideslip angle at time ¢, and the initial steady-state value of
the sideslip angle (see Figure B.10):

By, = Bo = f9 (ay,o)

9.4.11 The difference between the maximum value of the sideslip angle during the observation period and
the initial steady-state value of the sideslip angle (see Figure B.11):

Pmax — Bo = f10 (aY,O)

9.4.12 The difference between the values of the instantaneous yaw velocity at time ¢, and the calculated yaw
velocity at time ¢, (see Figure B.12):

N . ay ¢
B =y, — .
A%

= f11(ay o)

X, 1,

where A is the sideslip-angle velocity uncorrected for the effects of the sideslip angle itself and the
deceleration.

This metric provides information on the vehicle’s yaw stability.

9.4.13 The path deviation at time 7, (see note) defined as the radial distance of the reference point and its
initial circular path (see Figure B.13):

Asy , = f12 (ay,o)

wheret, =tg+2s
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Ro

Key

1 path deviation

2 vehicle reference point
3 initial circuit path

4  path of reference point

Ry initial radius

Figure 1 — Definition of path deviation

The path deviation is calculated by the path of the reference point in the earth fixed axis system (see Figure 1).
The coordinates of the reference point can be determined for example by transforming the vehicle fixed
velocity vectors v, and v, into the earth fixed system and subsequent integration.

8 © 1SO 2006 — All rights reserved

Als Papierkopie - kein Anderungsdienst / Printed copy - no alert service



A&I-Normenabonnement - Siemens AG - Kd.-Nr.986345 - Abo-Nr.00851257/006/001 - 2007-01-03 09:21:51

ISO 9816:2006(E)

Annex A
(normative)

Test report — General data

The documentation of general data and test conditions shall be in compliance with Annex A and Annex B of
ISO 15037-1:2006.
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The

Annex B
(normative)

Presentation of results

characteristic values of the vehicle dynamic reaction shall be presented as functions of the initial

steady-state lateral acceleration or initial radius, as shown in Figures B.2 to B.13.

Key
X
Y

Fig

10

Y A
10

Vehicle:

Lateral acceleration:

8 | Initial radius or initial speed:

(for test conditions, see Annex A)

-1,5 -1,0 -0,5 0 0,5 1,0 1,5 2,0

time (s)
longitudinal velocity (m/s), lateral acceleration (m/s2), steering wheel angle (°), sideslip angle (°), yaw velocity (°/s)

ure B.1 — Time histories of variables during the time interval —1,5 s before and 2,0 s after power-off
initiation (scaling depends on variables and test conditions)

© I1SO 2006 — All rights reserved

Als Papierkopie - kein Anderungsdienst / Printed copy - no alert service



A&I-Normenabonnement - Siemens AG - Kd.-Nr.986345 - Abo-Nr.00851257/006/001 - 2007-01-03 09:21:51

ISO 9816:2006(E)

Y A Right turn Left turn
1,2
Vehicle:
Initial radius or initial speed:
111 Time interval toto th:
(for test conditions, see Annex A)
1,0
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2 >
-10 -8 -6 -4 -2 0 2 4 6 8 10

Key
X initial lateral acceleration ay ¢ (m/s?)
Y -ay,, (m/s?)

Figure B.2 — Mean longitudinal acceleration —a ‘0 during the time interval ¢, to 7, as a function
of the initial lateral acceleration ay
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Key

Y

Y 4 Right turn Left turn

1,7
Vehicle:
Initial radius or initial speed:

1.6 | Time, t,:
(for test conditions, see Annex A)

1,5

1,4

1,3

1,2

1,1

1,0

0,9

0,8

0,7 >

-10 -8 -6 -4 -2 0 2 4 6 8 10
X
X initial lateral acceleration ay g (m/s?)
v
()
YRef,1,,

12

Figure B.3 — The ratio of the value of the yaw velocity at time ¢, to the value of the reference yaw

velocity at time 7, as a function of the initial lateral acceleration ay
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Y A Right turn Left turn
1,7
Vehicle:
Initial radius or initial speed:
1,6 | Time, t:
(for test conditions, see Annex A)
1,5
1,4
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Figure B.4 — The ratio of the maximum value attained by the yaw velocity i/, to the corresponding
reference value of the yaw velocity yres ,  as a function of the initial lateral acceleration ay
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ure B.5 — Difference between the value of the yaw velocity at time 7, and the value of the reference
yaw velocity at time 7, as a function of the initial lateral acceleration ay
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Figure B.6 — The maximum value of the difference between the yaw velocity during power-offy, and

the affiliated reference yaw velocity yr¢( , as a function of the initial lateral acceleration ay,
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Figure B.7 — The instantaneous value of yaw acceleration at time 7, as a function of the initial lateral
acceleration ay

16 © 1SO 2006 — All rights reserved

Als Papierkopie - kein Anderungsdienst / Printed copy - no alert service



A&I-Normenabonnement - Siemens AG - Kd.-Nr.986345 - Abo-Nr.00851257/006/001 - 2007-01-03 09:21:51

ISO 9816:2006(E)

Y A Right turn Left turn
1,7
Vehicle:
Initial radius or initial speed:
1,6 | Time, t:
(for test conditions, see Annex A)
1,5
1,4
1,3
1,2
1,1
1,0
0,9
0,8
0,7 -
-10 -8 -6 -4 -2 0 2 4 6 8 10
X
Key
X initial lateral acceleration ay ¢ (m/s?)
vy
Ay, Ref,1,

Figure B.8 — The ratio of the value of the lateral acceleration at time 7, to the value of the reference
lateral acceleration at time ¢, as a function of the initial lateral acceleration ay
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Figure B.9 — Maximum value of the sideslip angle j,,,, during the observation period from0sto2s
and the affiliated time #,,,, 5. @s a function of the initial lateral acceleration ay
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Figure B.10 — Difference between the value of the sideslip angle at time ¢, and the initial value of the
sideslip angle j; as a function of the initial lateral acceleration ay
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Figure B.11 — Difference between the maximum value of the sideslip angle during the observation
period from ¢, to 7, and the initial value of the sideslip angle j, as a function of the initial lateral
acceleration ay
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Figure B.12 — Difference between the values of the instantaneous yaw velocity at time 7, and the
calculated yaw velocity at time 7, as a function of the initial lateral acceleration ay
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Figure B.13 — Path deviation of the reference pointAs, , attime s, =7, + 2 s as a function of the initial
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