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Introduction

The dyanic behaviour of a road vehicle is a most important part of active vehicle safety. Any,giyen vehicle,
together Wwith its driver and the prevailing environment, constitutes a closed-loop system which istuniqye. The task
of evaluating the dynamic behaviour of the vehicle is therefore very difficult since there is significanf interaction
between [these driver-vehicle-environment elements, and each of these elements is individually complex|in itself.

The test [conditions exert large influence on the test results. Only vehicle dynamic preperties obtained| at identical
test conditions are comparable.
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vehicles — Vehicle dynamics test methods —

Part 1:
General conditions for passenger cars

1 Sco

This part

he

of ISO 15037 specifies the general conditions that apply when vehicle dynamics._properties are

according to ISO test methods (see annex C).
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| driving,

report (general data and test conditions),

b of general significance, independent of the specific vehicle dynamics test method. They
ynamics properties are determined, unless other conditions are required by the standard whic

he test method.

of ISO 15037 is applicable-to passenger cars as defined in ISO 3833.

he general conditions-defined in existing vehicle dynamics standards are valid until a reference tg
 is included.
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Z <At the time of pnhlir\nfinn, the editions—indicatedwere valid Al standards-are. cthinr\f tor

pvision, and

parties to agreements based on this part of ISO 15037 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 2416:1992, Passenger cars — Mass distribution.

ISO 3833:1977, Road vehicles — Types — Terms and definitions.

ISO 8855:1991, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary.
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3 Variables
3.1 Reference system

The variables of motion used to describe vehicle behaviour in a test-specific driving situation relate to the
intermediate axis system (X, Y, Z) (see 1SO 8855).

The location of the origin of the vehicle axis system (Xy, Yy, Zy) is the reference point and therefore should be
independent of the loading condition. The origin is therefore 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).

3.2 Variaples to be measured

To describg the horizontal dynamics of a vehicle, the following variables are relevant:
O longitudlinal velocity (vy);

O sideslig angle (B) or lateral velocity (vy);

O longituglinal acceleration (ay);

O lateral pcceleration (ay);

O yaw vejocity (dy/dt);

O roll angle (¢);

O pitch apgle (6).

To describg the input of the driver, it is necessary to measure the variable
O steering wheel angle (o).

These varigbles are defined in 1ISO 8855. All standards that make reference to this part of ISO 15037 sh3ll specify
which variaples apply.

4 Measyring equipment

4.1 Descfiption

All variable$ shall be,measured by means of appropriate transducers and their time histories shall be recofded by a
multi-channel recording system. Typical operating ranges and recommended maximum errors of the transducer and
recording system\are shown in Table 1.

4.2 Transducer installations

The transducers shall be installed according to the manufacturer’s instructions when such instructions exist, so that
the variables corresponding to the terms and definitions of ISO 8855 can be determined.

If a transducer does not measure a variable directly, appropriate transformations into the reference system shall be
carried out.
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4.3 Data processing

4.3.1 General

-1:1998(E)

The frequency range relevant for tests on horizontal dynamics of passenger cars is between 0 Hz and the maximum
utilized frequency fmax =5 Hz. According to the chosen data processing method, analogue or digital data
processing, the requirements given in 4.3.2 or 4.3.3 apply.

Table 1 — Variables, typical operating ranges and recommended maximum errors

4.3.2 Analogue data processing

The bang

In order fo execute the necessary filtering of signals, low-pass filters with order 4 or higher shall be em

width of
less thar
filters ha
the requi

NOTE O
processin

Variables range system Typical operating of the Recommended maximum
combmed-trarsducer EIToTS arnd recording

Longitudinal velocity 0 m/s to + 50 m/s +0,5m/s
Lateral velocity —-10 m/sto + 10 m/s + 0,4 m/s
Sideslip angle —15°to +15° +0,5°
Longitudinal acceleration —15 m/s2to + 15 m/s? + 0,15 m/s?
Lateral acceleration —15 m/s2to + 15 m/s? + 0,15)m/s2
Yaw velocity — 50°/s to + 50°/s +0,5°/s
Roll angle —15° to +15° +0,15°
Pitch angle —15° to +15° +0,15°
Steering wheel angle —360° to + 360° + 2° for angles < 180°

+ 4° for angles > 180°
NOTE Transducers for measuring some of the Jisted variables are not widely available and are
not in general use. Many such instruments are deyeloped by users. If any system error exceeds the
recommended maximum value, this and the agtual maximum error shall be stated in the test report
(see annex A).

width of the entire, combined\transducer/recording system shall be no less than 8 Hz.

he passband (from ©Hz to frequency fy at —3 dB) shall not be less than 9 Hz. Amplitude err
+ 0,5 % in the rfefevant frequency range of 0 Hz to 5 Hz. All analogue signals shall be pro
ing sufficiently'similar phase characteristics to ensure that time delay differences due to filteri
r'ed accuracysfoer time measurement.

uring analogue filtering of signals with different frequency contents, phase shifts can occur. Therg
) methed, as described in 4.3.3, is preferable.

ployed. The
brs shall be
cessed with
ng lie within

fore, a data

4.3.3 Di

al data nrocaessing
Her-Gata—{+ Hg

4.3.3.1 General considerations

Preparation of analogue signals includes consideration of filter amplitude attenuation and sampling rate to avoid
aliasing errors, and filter phase lags and time delays. Sampling and digitizing considerations include pre-sampling
amplification of signals to minimize digitizing errors; number of bits per sample; number of samples per cycle;
sample and hold amplifiers; and timewise spacing of samples. Considerations for additional phaseless digital
filtering includes selection of passbands and stopbands and the attenuation and allowable ripple in each; and
correction of filter phase lags. Each of these factors shall be considered in order to achieve a relative overall data
acquisition accuracy of £ 0,5 %.
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4.3.3.2 Aliasing errors

©1SO

In order to avoid uncorrectable aliasing errors, the analogue signals shall be appropriately filtered before sampling
and digitizing. The order of the filters used and their passband shall be chosen according to both the required
flatness in the relevant frequency range and the sampling rate.

The minimum filter characteristics and sampling rate shall be such that

a) within the relevant frequency range of 0 Hz to f,ax = 5 Hz the attenuation is less than the resolution of the data

acquisit

b) at one-half the sampling rate (i.e. the Nyquist or "folding” frequency) the magnitudes of all f

ion system; and

equency

components of signal and noise are reduced to less than the system resolution.

For 0,05 %
than 99,95

resolution the filter attenuation shall be less than 0,05 % to 5 Hz, and the attenuation’shall b

o at all frequencies greater than one-half the sampling frequency.

NOTE For ja Butterworth filter the attenuation is given by

=

1 1

and A2 =

b (fna / )" 1+ (fy / fo)?"

n is the order to filter;

f is the relevant frequency range (5 Hz);

fo  is the filter cut-off frequency;

fy  is the Nyquist or "folding" frequency.

For a fourth ¢rder filter

forA=I
forA=

999 5: f,=2,37 x ... =11,86 Hz;

,000 5: f5 =2 x (6,69 x f) = 158 Hz, where(f, is the sampling frequency = 2 x f,.

4.3.3.3 Filfer phase shifts and time delays:for anti-aliasing filtering

Excessive @nalogue filtering shall be avoided, and all filters shall have sufficiently similar phase charactg
ensure that[time delay differenceslie within the required accuracy for the time measurement.

Phase shifts are especially Gignificant when measured variables are multiplied together to form new
because while amplitudes,multiply, phase shifts and associated time delays add. Phase shifts and time d
increasingifg: Whenever equations describing the pre-sampling filters are known, it is pr
remove thelr phase shifts and time delays by simple algorithms performed in the frequency domain.

reduced by

NOTE In the fréguency range in which the filter amplitude characteristics remain flat, the phase shift @ of a Butter

can be apprgximated by

e greater

bristics to

ariables,
elays are
actical to

jvorth filter

@ = 81 x (fif,) degrees for second order;

& = 150 x (f/fy) degrees for fourth order;

® = 294 x (f/fy) degrees for eighth order.

The time delay for all filter orders is: t = (&/360°) x (1/fp).

4.3.3.4 Data sampling and digitizing

At 5 Hz the signal amplitude changes by up to 3 % per millisecond. To limit dynamic errors caused by changing
analogue inputs to 0,1 %, sampling or digitizing time shall be less than 32 us. All pairs or sets of data samples to be
compared shall be taken simultaneously or over a sufficiently short time period.
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4.3.3.5 System requirements

The data system shall have a resolution of 12 bits (£ 0,05 %) or more and an accuracy of 2 LSB (x 0,1 %). Anti-
aliasing filters shall be of order 4 or higher and the relevant data range fy,4x shall be 0 Hz to 5 Hz.

For fourth order filters the passband frequency fg (from 0 Hz to frequency fy) shall be greater than 2,37 X fax if
phase errors are subsequently adjusted in digital data processing, and greater than 5 x f,ax Otherwise. For fourth
order filters the data sampling frequency fg shall be greater than 13,4 x fg.

For filters having orders different from fourth order, fy and fg shall be selected for adequate flatness and alias error
prevention.

Amplification of the signal before digitizing shall be such that in the digitizing process the additional erfor|is less than
0,2 %.

Sampling or digitizing time for each data channel sampled shall be less than 32 pus.

4.3.3.6 Pigital filtering

For filtening of sampled data in data evaluation, phaseless (zero phase shift) digital filters shall be used
incorporgting the following characteristics (see Figure 1):

O pasgband shall range from 0 Hz to 5 Hz;
O stoppand shall begin between 10 Hz and 15 Hz;
O the fjlter gain in the passband shall be 1 + 0,005 (100 + 0,5 %);

O the fjlter gain in the stopband shall be < 0,01 (=< 1%).

Passband

Filter gain

555 10 to 15

Frequency, Hz

Figure 1 — Required characteristics of phaseless digital filters


https://standardsiso.com/api/?name=fd7aa9f919ea4e4c76d592907effdd51

ISO 15037-1:1998(E) ©1S0

5 Test conditions
5.1 General

Limits and specifications for the ambient conditions and vehicle test conditions are established below, these shall be
maintained during the specific test. Any deviations shall be shown in the test report (see annexes A and B) including
the individual diagrams of the presentation of results. For each test method, the test specific conditions and those
which may not be kept constant (e.g. tread depths) shall be recorded in a separate test report in accordance with

annex B.

5.2 Test track

All tests shall be carried out on a smooth, clean, dry and uniform paved road surface. The gradient of thepaved test
surface to e used shall not exceed 2,5 % in any direction when measured over any distance intervahbetyween that
correspond|ng to the vehicle track and 25 m. For each test the road surface conditions and paving materigl shall be
recorded in|the test report (see annex B).

5.3 Wind|velocity

The ambiert wind velocity shall not exceed 5 m/s during a test. For each test method\the climatic conditiong shall be
recorded in|the test report (see annex B).

5.4 Test yehicle

5.4.1 Gengral data

General dafa of the test vehicle shall be presented in the test report shown in annex A. For any change ¢f vehicle
specification (e.g. load), the general data shall be documented .again.

NOTE Sincg in certain cases the ambient temperature has.agsignificant influence on test results, it should be taken into
account wheh making comparisons between vehicles.

5.4.2 Tyrep

For a gengral tyre condition, new tyres shall be fitted on the test vehicle according to the manufacturer's
specifications. If not specified otherwise by.the tyre manufacturer, they shall be run in for at least 150 km o the test
vehicle or gn equivalent vehicle without-excessively harsh use, for example braking, acceleration, cornering, hitting
the kerb, etg. After run in the tyres shall'be maintained at the same vehicle locations for the tests.

Tyres shall|have a tread depthCef-at least 90 % of the original value across the whole breadth of the tread and
around the whole circumference of the tyre.

Tyres shall|be manufactuted not more than one year before the test. The date of manufacturing shall be noted in
the presentation of teStyconditions (see annex B).

Tyres shall|be inflated to the pressure as specified by the vehicle manufacturer for the test vehicle confijguration.
The tolerangé-for setting the cold inflation pressure is + 5 kPab) for pressures up to 250 kPa and + 2 % for|pressure
above 250 kPa.

Inflation pressure and tread depth of the tyres determined before tyre warm-up and after the test runs shall be

recorded in

the test report (see annex B).

Tests may also be performed under conditions other than general tyre conditions. The details shall be noted in the
test report (see annex B).

1) 1 kPa =102 bar = 103 N/m?
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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 the tread depth or uneven tread wear may have a significant influence on test results, it is recommended that they be
taken into account when making comparisons between vehicles or between tyres.

5.4.3 Operating components
For the standard test conditions all operating components likely to influence the results of a test (for example

condition, setting and temperature of shock absorbers springs and other suspension components and suspension
ation shall be

noted in the presentatlon of general data (see annex A)
5.4.4 Lqgading conditions of the vehicle

The test|mass shall be between the complete vehicle kerb mass (ISO 1176, code 1SO-MQ6) plus driyer and test
equipment (combined mass should not exceed 150 kg) and the maximum authorized total mass (ISO|1176, code
ISO-M08).

The max|mum authorized axle loads (ISO 1176, code 1ISO-M13) shall not be exceeded.
Care shdll be taken to generate a minimum deviation in the location of the centre of gravity and in the moments of

inertia ag compared to the loading conditions of the vehicle in normal usg (refer to 1ISO 2416). The resplting wheel
loads shall be determined and recorded in the test report (see annex A).

6 Tesfmethod
6.1 Wgrm-up

All relevdnt vehicle components shall be warmed up_prior to the tests in order to achieve temperature representative
of normal driving conditions. Tyres shall be warmed up prior to the tests to achieve an equilibrium tempgerature and
pressure|representative of normal driving conditions.

A procedure equivalent to driving at thettest speed for a distance of 10 km or driving 500 m at a lateral acceleration
of 3 m/s9 (both left and right turn each) may be appropriate for warming up the tyres.
6.2 Inijal driving condition

6.2.1 General

The initigl driving condition is specified in most of the vehicle dynamics test methods. It can either be a $teady-state
straight dhead runofr a steady-state circular run.

If there i mo ‘specific requirement defined in a test method standard the tests shall be performed in|the highest
suitable gearfer—vehicles—with—manvalransmissior—andfer—vehicles—with-autematictransmisstion—a—drive D. The
position of the transmission lever and the selected driving programme shall be recorded in the test report (see
annex B).

The position of the steering wheel and the accelerator pedal shall be kept as constant as possible during the initial
driving condition. The moment of observation tg to evaluate steady state conditions is defined as the point in time
which usually is between 0,5 s and 0,8 s (see note below) before the reference point in time t; of the specific test
method. The initial condition is considered to be sufficiently constant if for the moment of observation tg5 the
requirements of 6.2.2 and 6.2.3 are fulfilled (see Figure 2).

NOTE For test method which are used to determine only steady state values (e.g. ISO 4138) the moment of observation tgq
and the reference point ty will be identical.
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6.2.2 Steady-state straight ahead run

For the time interval from t, to t, the mean value of the longitudinal velocity shall not vary from the nominal value by
more than = 3 % and the mean value of lateral acceleration shall be within a range from — 0,3 m/s2 to + 0,3 m/s2.
As an alternative to the limits of lateral acceleration the mean value of the yaw velocity shall be within a range from
-0,5°sto+ 0,5°/s.

For the time interval from t; to t, the standard deviation of the lateral acceleration shall not exceed 0,3 m/s2 and the
standard deviation of the longitudinal velocity shall not exceed 3 % of its mean value. As an alternative to the limits
of lateral acceleration the standard deviation of the yaw velocity shall not exceed 0,5 °/s.

The d|ffere cahatmaan tha mean valiiacs of tha lanaitudinal valacib durina-the time-mntarvale t ta t and t tot
[[a-a—am~a—aaay e —vyeroeo—otr—trt ToTTgrroroH ot Y Srootty —oror gt T ey ao—tTto—tg U lss 2

shall not expeed 3 % of the nominal value. Q&
6.2.3 Steady-state circular run
The initial radius Ry may be observed or calculated as follows:

R = Vo /(dy,/dt)

Ro = vqo?/ayp

The initial radius in the initial driving condition shall not deviate by more than £ 0;5 m from the nominal vallie during
the time intg¢rval from t; to to.

For the timg interval from t; to t, the standard deviation of the lateral acceleration shall not exceed 5 % of|its mean
value and the standard deviation of the longitudinal velocity shall not exceed 3 % of its mean value.

The differerjce between the mean values during the time intervals44 to tss and tss to t, shall not exceed th¢ nominal
value for th¢ lateral acceleration by more than 5 % and the longitudinal velocity by more than 3 %.

For the time interval from t; to t, the mean value of the lateral acceleration shall not deviate from the nominal value
by more thgn + 3 %.

Measured variable

0.5 0.5

Time,s
0,5-0.,8

+
+ standard deviation

to

SS
mean value
- standard deviation

tss:  moment of observation to evaluate steady state conditions

to: reference point in time of the specific test method

Figure 2 — Definition of times
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Test report — General data

Vehicle identification number:

Type aof vehicle:

Manufacturer: e SO
Model: e e e
Model yearffirst registration date: ..o A S
Drive train Driven axle: [] frontaxle [l rear axle
Type of AWD: e
Special features: s e e fe
Engine Identification code: LA S e e
Type of engine: [} spark igniton [ diesel
Air/fuel mixture control: [l carburettor [ injection
Charging system: [] turbo charger [] super-charger
Ignition point control: [1 mechanical [ electronic
Fuel cut-off: [ yes ] no
Displacement/number’of cylinders:  ................... CM3 e, cylipders
Maximum power/engine speed: ..., KW 1 /min
Maximumstorque/engine speed: ... NM s 1 /min
Transmigsion Identification code:
Type/number of forward gears: [] manual  cooeeeereeveeiieieeens dears
[] automatic  oeeeeveeeverreriieenn gears
[] continuously variable (e.g. CVT
Gear ratios: 1" gear: .......... ;1 2"gear: ......... 1
3“gear: .......... 1 4" gear: ... 1
5" gear: ......... :1 6" gear: ... 1
Final drive ratio: L 01
Rear axle Type of rear axle: e ————————
Suspension/damping: e ——————————————
Stabilizer/Anti-roll bar: [ yes ] no
Front axle Type of front axle:
SUSPeNnsioN/damping: e s
Stabilizer/Anti-roll bar: (] yes ] no
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Steering Steered axle: O frontaxle [ rear axle
Power assisted: U yes ] no
Overall steering ratio on front axle: ...
Steering wheel diameter: mm
Braking system Power assisted: [ yes ] no
Anti-lock braking system: U yes ] no
TYPE: s
Wheel brakes on front axle: Ll drums LI discs
Wheel brakes on rear axle: ] drums [] discs
Wheels Rim size: front: ....ccoceee. rear: ......% oo .
Tyres Size: front: .....cccee rear: . e, .
Tread depth (new): front: .......... mm pear: ................ mm

Inflation pressure, according to the
vehicle manufacturer’s specifications

— at complete vehicle kerb mass

(ISO-M06): front: ... kPa rear: ................ kpa
— at maximum authorized total

mass ( ISO-MO08): frant: ............ kPa rear ................. kPa

Masses Complete vehicle kerb mass

(ISO-MOB): N e g
Maximum authorized total mass
(ISO-MOB): e g
Maximum authorized.axle load
(1ISO-M13): front: ............ kg rear ..o g

Measured wheel 1oads of test
vehicle, including driver and

instrumentation: FL: e, kg FR: i, g

RL: i kg RR: i, g

Vehicle dimensions Overall length: mim
Overall width: e mm

Overall height at teSt MasS: o mim

Wheelbase: mm

Track: front: .......... mm  rear: ................ mm

Heightof centreof gravity =t
complete vehicle kerb mass
(ISO-MOB): mm

General comments and/ or other relevant details

10
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