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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
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ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The external sound emission of a vehicle is one out of a multitude of requirements that need to be
considered by manufacturers during design and development of vehicles. For health and environmental
protection reasons, the sound emission should be reduced under all relevant driving conditions.
However, there is a growing awareness that vehicles must not be too quiet either to ensure that they are
still acoustically perceivable by pedestrians and don’t endanger them as they might be missed.

To meet all these demands, an efficient test site is needed that can be operated the whole year round
independent of weather conditions or other outside factors. In many countries, the meteorological

conditions a
limited tim¢
make it nea
particular p
uncertainty

This part of
precise resy
intended to
[SO 362-1, w

An indoor te
treatment, t
vehicle on th
testing. Sped
to the rolling

It is conceiy
emission of
might prohi
ISO 362 coul

This part of
between tod
It incorpora
procedures.

- stingon-a-classical g ground-iso a very
frame. While this was acceptable in the past, the increasing workload in the futtmg will
Ily impossible to do the complete development of a vehicle on a single test track aft one
ace. However, performing sound emission tests on various test tracks highly increasgs the
and multiplies the workload for a manufacturer.

ivers
s are
ed in

SO 362 gives specifications for an indoor noise test bench and a test procedure that de
Its for indoor testing, comparable to a certified type approval test(tpack. The result
be within the run-to-run variation of the actual valid exterior hoise test describ
hich is the test standard used for type approval of vehicles.

st bench requires tight specifications for the equipment and*set up, such as the acouptical
he microphone arrays, the roller bench, the adjustment\for the dynamic behaviour ¢f the
e roller test bench, the preconditioning of the vehicle,-as well as the thermal conditions for
ial treatment needs to ensure that all rolling sound components of the tire are compafrable
b sound on a road surface as specified in ISO 10844 and as applied in type approvals.

ound
noise
irt of

able that in the future, certain sound emissions of vehicles (like e.g. minimum s
blectric vehicles) can be verified on an indgor test bench, as the natural background
bit testing on a classical outdoor test&rack. The specifications set forth in this p3
d be transferred to a future minimym-noise test procedure.

[SO 362 provides all necessary_specifications and procedures to ensure comparapility
ays common and well accepted testing on outdoor test tracks with future indoor facilities.
es all relevant InternationakStandards for equipment, measurement uncertainty, angl test

Vi
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Measurement of noise emitted by accelerating road
vehicles — Engineering method —

Part 3:
Indoor testing M and N categories

1 Scope

This

of categories M and N by using a semi anechoic chamber.

The gpecifications are intended to achieve an acoustical correlation between-testing the ej
of roqd vehicles in a semi anechoic chamber and outdoor testing as deseribed in ISO 362-1.

This
resul
appr

This
are c

NOTE
condi
differ]
annoy
envir
descr

NOTH
ISO 3

2

The following docunients, in whole or in part, are normatively referenced in this docu

part of ISO 362 specifies an engineering method for measuring the noise emitted by 1

part of ISO 362 provides all necessary specifications and procedures for indoor testi
[ts which are comparable to typical run-to-run variations of measurements in f{
val tests.

part of ISO 362 provides a method designed to meet the requirements of simplicity 4

1  Theresults obtained by this method give an objective measure of the noise emitted undet
fions of test. It is necessary to consider the fact,that the subjective appraisal of the noise
ent classes of motor vehicles is not simply related to the indications of a sound measuriy
rance is strongly related to personal human perception, physiological human conditions,
bnmental conditions, there is a large variation and annoyance is therefore not useful as a
be a specific vehicle condition.

2 If measurements are carried.out in rooms which do not fulfill the requirements stated
b2, the results obtained can déyiate from the results using the specified conditions.

ormative references

oad vehicles

kterior noise

ng to obtain
oday’s type

s far as they

bnsistent with the reproducibility of results underthe operating conditions of the vehiicle.

the specified
Annoyance of
g system. As
culture, and
parameter to

n this part of

indispensable for7its’ application. For dated references, only the edition cited applies.
referpnces, the latest edition of the referenced document (including any amendments) appljies.

ent and are
or undated

ISO 362-1:2015, Measurement of noise emitted by accelerating road vehicles — Engineering method —
Part §: Mand N categories

[SO 1176, Road vehicles — Masses — Vocabulary and codes

ISO 2

416, Passenger cars — Mass distribution

ISO 3745, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Precision methods for anechoic rooms and hemi-anechoic rooms

ISO 10844, Acoustics — Specification of test tracks for measuring noise emitted by road vehicles and

their
ISO 2
IEC 6
IEC 6
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6101, Acoustics — Test methods for the qualification of free-field environments
0942, Electroacoustics — Sound calibrators

1672-1, Electroacoustics — Sound level meters — Part 1: Specifications
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IEC 61672-3, Electroacoustics — Sound level meters — Part 3: Periodic tests

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 362-1, ISO 1176, and ISO 2416,

and the follo

3.1

wing apply.

pre-acceler
application ¢
acceleration

Note 1 to ent]

3.2

virtual test
l

virtual lengt

ation
facceleration control device prior to the virtual line AA’ for the purpose of achieving
between line AA’ and line BB’ on the test track

y: See Figure 1.

track length

h of test track used in the calculation of acceleration

table

Note 1 to ent1ly: The virtual length of test track from line AA’ to line BB’ is deneted /pg and the virtual lengtH from
line PP’ to lin¢ BB’ is Ipg.
Note 2 to entyfy: See Figure 1.
4 Symbadls and abbreviated terms
Table 1 lists the symbols used in this part of ISO 362¢and the clause number where they are used fgr the
first time.
Table 1 — Symbolsused and corresponding clauses

Symbol Unit Clause |Designation

a, apTN m/s?2 B.3.3 vehicle acceleration (at power train noise measurement)

AA — 31 line perpendicular to vehicle travel which indicates beginning of zongin

which to record sound pressure level during test
BB’ — 341 line perpendicular to vehicle travel which indicates end of zone in whjch
to record sound pressure level during test

C dB/°C B.2.4 temperature correction coefficient

dabsorb m 7.2 thickness of absorbing elements

droller m 511 diameter of dynamometerroller

Fcor UBtA) o3 COTTECHON for tyTe/Toad TIoiSE T vartant B

FTEX D.2 texture of the test track surface

h % D.2 relative air humidity

kers — D.2 weighting factor

kp — 5.5 partial power factor

kwot — D.2 weighting factor

IAB m 3.2 virtual length of test section for calculation of acceleration from AA’ to BB’
Imin,room m 7.2 minimum length of the test room

IpB m .2 virtual length of test section for calculation of acceleration from PP’ to BB’
lveh m 7.2 length of vehicle

Lersrep dB(A) D.2 reported vehicle sound pressure level at constant speed

2 © IS0 2016 - All rights reserved
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Table 1 (continued)

Symbol Unit Clause |Designation

LFRN dB(A) B.4.1 free rolling noise sound pressure level

LpTN dB(A) 10.2.4 power train noise sound pressure level

LpTNi dB(A) C3 power train noise sound pressure level indoor

LTRN dB(A) 10.2.4 tyre/road noise sound pressure level

LTRNi dB(A) C3 tyre/road noise sound pressure level indoor

LTRNo dB(A) C4 tyre/road noise sound pressure level outdoor

LTVN dB(A) 1024 total vehicle noise sound pressure level

LtvN dB(A) B.6 total vehicle noise sound pressure level indoor y\(b

LtvN dB(A) C.5 total vehicle noise sound pressure level outdoor qg )

Lurban dB(A) D.1 reported vehicle sound pressure level representiggfﬂ:gbgn opgration

Lwot fep dB(A) D.2 reported vehicle sound pressure level at wide;\c@‘s:‘{throttle

Mac rh max kg 9.4.2.2.3 |maximum rear axle capacity f'\‘ 9

mq kg 9.4.2.2.3 |mass of driver \%V

Mealohd unladen | KE 9.4.2.2.3 |unladen front axle load (s\\ N

Mker kg 9.4.2.2.3 |kerb mass of the vehicle /\Q -

Mraldad unladen | Kg 9.4.2.2.3 |unladen rear axle load QV

Mref kg 9.4.2.2.3 |kerb mass + 75 kg for the&&e‘r

Mro kg 9.4.2.2.3 |mass in running order O;\V

me kg 9.4.2.2.3 |virtual or actual Eg{éc\al test mass of the vehicle, that is used|as an input
for simulating the¥ehicle transient behaviour by the dynamometer
control systemy¢

Mtardet kg 9.4.2.2.3 |target ma@f‘the vehicle

Munldden kg 9.4.2.2.3 unlac{e}i\‘keﬁicle mass

Mxlodd kg 9.4.2.2.3 ext(a}})\é'ding

Myhdel Nm D.2 &o’rque on the wheel

ngp’ r/min 10.3 (\\‘&gine speed when the reference point passes BB’

Ndyn r/min D.2 C)v engine speed during wide-open-throttle (wot) tests

npp’ r/min 116.3 engine speed when the reference point passes PP’

Nrolldr AA' test i | T/min .O;\m rotational speed of the dynamometer roller for the test run i

Nstat r/mggpv D.2 engine speed during cruise tests and in the approach of wot t¢sts

Dair > D.2 barometric air pressure

Pref V\ a B.2. inflation pressure recommended by the manufacturer

Prest «\?\‘ hPa B.2.3 test inflation pressure

PP’ (O — 3.2 line perpendicular to vehicle travel which indicates location of jmicrophones

Qref kg B.2.3 weight of the vehicle to be tested indoor

Qtest kg B.2. weight of the tyre test vehicle

ro m 7.3.2.4 |reference path length of the centre measurement position

Iy m 7.3.2.4 path length to the microphone at distance x

Tair °C D.2 air temperature

Texhaust °C D.2 temperature of exhaust system

Tintake °C D.2 temperature of intake air

Ttrack °C D.2 temperature of the test track surface

1% km/h B.4.2 vehicle speed

VA km/h 511 vehicle speed when reference point passes line AA’

© ISO 2016 - All rights reserved
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Table 1 (continued)

Symbol Unit Clause |Designation

VAA’ test i km/h 5.1.1 vehicle speed when reference point passes line AA’ for the test run i (see
5.1 for definition of reference point)

VBB’ km/h 10.3 vehicle speed when reference point or rear of vehicle passes line BB’ (see
5.1 for definition of reference point)

Vdyn km/h D.2 vehicle speed during wide-open-throttle tests

vpp’ km/h 10.3 vehicle speed when reference point passes line PP’ (see 5.1 for definition
of reference point)

VPTN ke B-5 vehictespeedatthe power-traimnotse mreasurenrenttdoor —

Vstat km/h D.2 vehicle speed during cruise tests and in the approach of wot tes,t\sr\\O

Viest km/h 9.5.1.2 target vehicle test speed q>)

VTRN km/h B.4.3 vehicle speed at the tyre/road noise measurement outdop\r,b

Wroom m 7.2 width of the room nSbV

Wsingle,room | |M 7.2 width of the room for a single-sided facility &) <

Wdual,room m 7.2 width of the room for a dual-sided facility i \G,)v

Wvyeh m 7.2 width of the vehicle ) O\

X m B.3.3 vehicle position on the (virtual) test tragki(

Xmicro m 7.3.2.4 position of the microphone in the ar\rQs\ﬂl driving direction

a dB B.4.2 coefficients of free rolling noise &\}\\

y — B4.3 coefficient of the exact torque A@fh‘lence

o — B.4.3 coefficient of the exact torq‘l}e\'ﬁlﬂuence

ALmeasure sys| |dB(A) D.2 measurement system e@ quantity

ALy dB(A) D.2 engine speed error[.}{h\ntlty

ALg dB(A) D.2 acceleration pos\lit:}n error quantity

ALT] dB(A) B.3. torque 1nfll}2sée’of the sound pressure level

ALy dB(A) 7.3.2.4 relative‘solh'l}d pressure level decay at position x

An r/min D.2 max).@l parameter variability in the test situation for the engine speed

As m D.2 um parameter variability in the test situation for the acceleratlon

(position

ALmax dB D.2 A\c_)\rlnaximum total deviation of sound pressure level

ALcrsmax dB %‘O‘ maximum total deviation of L¢rg

ALyrbanmax | |dB v&v maximum total deviation of Lyrban

ALwotmax dB \OVD_.Z maximum total deviation of Lyt

£ — b?\v B.4.3 coefficient of the exact torque influence

¢ Ca ' B.3.3 coefficient of standard torque influence

J € B2# TEaSUTed tEMPErature of testtrack surface

Acut off m 7.2 wavelength at the cut-off frequency

OLurban dB D.2 standard deviation of Lyrban

4 © IS0 2016 - All rights reserved
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5 Acceleration for vehicles of categories M1 and M2 having a maximum
authorized mass not exceeding 3 500 kg, and of category N1

5.1 General

5.1.1 Applicability and conditions

All accelerations are calculated using different vehicle speeds during the test. All vehicle speeds are
calculated from the number of revolutions of the roller as follows (as example for AA’):

376
V . ) = — TN - d ‘n , ] (1)
AA'test i 60 roller roller AA'test i
wherne
WA A test i is the vehicle speed when the reference point passes lineA#’ for the tesf run i;
droller is the diameter of the dynamometer roller;

Hroller AA’ test i are the revolutions per minute of the dynamometer roller for the test ryn i.

The yirtual line AA’ indicates the beginning of the test tracksPP’ indicates the virtual pgsition of the
two pass-by microphones, and BB’ indicates the end of the test\track, as defined in ISO 36211:2015, 7.1.

The gimulated vehicle speed at AA’, vaa, or PP’, vpp, is defined by the roller speed when the reference
pointlof the vehicle (as defined in ISO 362-1:2015, 3.5):passes the virtual line AA’ or PP’, resplectively. The
simulated vehicle speed at BB’, vgp, is defined whenithe rear of the vehicle passes the virtual line BB'.

The method used for the determination of the aeceleration shall be indicated in the test report.

Due fo the large variety of technologies,lit is necessary to consider different modes of| calculation.
New |technologies (such as continuously’variable transmission) as well as dated techrologies (e.g.
automatic transmissions without electronic control units) require a more specific trejtment for a
proper determination of the acceleration. Any alternatives for calculation of the accel¢ration shall
covel these needs.

5.1.2| Calculation of total engine power

As ddfined in ISO 362:1:2015, 5.1.2.

5.1.3| Battery'state of charge
As dgfinediin 1SO 362-1:2015, 5.1.3.

5 2 ar 4| | P £ i | 43
. CAIlUIativil UT datlTITT ativil

5.2.1 Calculation procedure for vehicles with manual transmission, automatic
transmission, adaptive transmission, and continuously variable transmission (CVT) tested
with locked gear ratios

As defined in ISO 362-1:2015, 5.2.1.

5.2.2 Calculation procedure for vehicles with automatic transmission, adaptive transmission,
and CVT tested with non-locked gear ratios

As defined in ISO 362-1:2015, 5.2.2.

© IS0 2016 - All rights reserved 5
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5.3 Calcu

016(E)

lation of the target acceleration

As defined in ISO 362-1:2015, 5.3.

5.4 Calcu

lation of the reference acceleration

As defined in ISO 362-1:2015, 5.4.

5.5 Partial power factor, kp

As defined in ISO 362-1:2015, 5.5.

6 Instru
6.1

6.1.1 Gen

The apparat

mentation

Instryiments for acoustical measurement

eral

us used for measuring the sound pressure level shall be a sound‘level meter or equiy

measurement system meeting the requirements of Class 1 instruments (including a recommg

windscreen,

The entire 1
requirement

if used). These requirements are specified in IEC 61672-1,

measurement system shall be checked by means of‘\a'sound calibrator that fulfill
s of Class 1 sound calibrators according to IEC 60942:

Measurements shall be carried out using time weighting “E¥ and frequency weighting “A” as specif

IEC 61672-1
level, a data

When no ge
model to thg
level shall

requirement

NOTE TH
scope is largg
to verify the

Apparently, u
IEC 61672-1.1
required by t

When no ge
conformity

is used to re
subsequent]

When using a system that includes periodigmionitoring of the A-weighted sound pre
extract should be made at a time interval not greater than 30 ms.

full specifications of IEC 61672-1;the apparatus used for measuring the sound pre
be a sound level meter or equivalent measurement system meeting the compl
s of Class 1 instruments as described in IEC 61672-3.

e tests of IEC 61672-3 cover,only a limited subset of the specifications in IEC 61672-1 for whi

(temperature range, frequency requirements up to 20 kHz, etc.). It is economically not fe
Wwhole IEC 61672-1 reglrirements on each item of a computerized data acquisition systems 1
ntil today, no computerized data acquisition system available complies with the full specificati
[tis beyond the possibilities of the users of these systems to prove conformity of the instrumen
he test code.

heral statement or conclusion can be made about conformity of the sound level met]
bf each-channel of the array (this applies, e.g., if the signal of each individual microp
compose one overall time progression of the signal for the complete pass-by test, to

alent
nded

s the

edin
ssure

neral statement or conclusion can bé.made about conformance of the sound level meter

psure

iance

th the
hsible
hodel.
pns of
ration

ler by
hone
vhich

iy the A-weighted assessment is applied), a simulated pass-by run shall be performe

at a

constant roller speed of 50 km/h without a vehicle on the dynamometer while a constant tone signal is
supplied to all channels of the array, e.g. by using a signal generator. The simulated A-weighted sound
level is processed and the deviation from a reference tone signal shall be determined in accordance
with [EC 61672-3.

Simulation algorithms using noise source localization detection should deactivate that feature for

these tests.

A qualified calibration method (i.e. electrical calibration) is recommended to be provided by the
hardware supplier and, in that case, shall be implemented in the measurement software used.

The instruments shall be maintained and calibrated in accordance with the instructions of the
instrument manufacturer.

© ISO 2016 - All rights reserved
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At the beginning and at the end of every measurement session, the entire sound measurement system
shall be checked by means of a sound calibrator as described in 6.1.1. Without any further adjustment,
the difference between the readings shall not exceed 0,5 dB. If this value is exceeded, the results of the

meas

urements obtained after the previous satisfactory check shall be discarded.

As an alternative, at the beginning and at the end of every measurement session, the entire sound
measurement system shall be checked by means of a calibration system (i.e. electrical calibration),
provided by the hardware supplier and implemented in the measurement software used as a simulated

pass-

by run as described in 6.1.1.

For t
by m

6.2

his alternative, at least every six months, the entire sound measurement system shal|l be checked

pbans of a sound calibrator as described in 6.1.1.

Conformity with requirements

Confirmity of the sound calibrator with the requirements of [EC 60942 shall be verified

Confi
least

testing shall be conducted by a laboratory which meets the requirentents of ISO/IEC 17025

6.3

The 1
morg

The 1
than

6.4

The
shall

IES

B3

IES

7

7.1

rmity of the instrumentation system with the requirements of IEC_61672-3 shall b
every 2 years or at each modification of the system (software, mierophone, etc.). Al

Instrumentation for speed measurement

otational speed of the engine shall be measured usihg an instrument with an uncer
than #2 % at the engine speeds required for the mi¢asurements being performed.

oad speed of the vehicle shall be measured-using instruments with an uncertainty
+0,5 km/h. The road speed of the vehicle is\¢dlculated by using the roller speed.

Meteorological instrumentation

meteorological instrumentation.used to monitor the environmental conditions duf
have an uncertainty of not mgore than the following:

1 °C for a temperature measuring device;
5 hPa for a barometric/pressure measuring device;

5 % for a relative-humidity measuring device.

est room requirements

General

once a year.
e verified at
| conformity

tainty of not

of not more

ing the test

One of the principal criteria of ISO 362-1 is testing in an acoustic free field.

To reproduce this acoustic criterion in a laboratory, the room design shall be able to provide the same
effective propagation characteristics as an open space over a reflecting surface (see specifications in 7.3).

One solution is a semi-anechoic chamber with absorptive materials. Several different techniques are
available for this purpose. An example of a test room is shown in Figure 1.

© ISO

2016 - All rights reserved


https://standardsiso.com/api/?name=3a11e1e60efedda339067068c15e1519

ISO 362-3:2016(E)

"\

—

[ ]

o

L

~

T T YV

N

L]

3o

/pg

q

\o\(‘;)

AAAAAAAAAAAAAAAAAAAAAAQAA

absorbing elements

° R
® R() | L 0 [ ]
® : ®
® | °
° ' = e
® 9 * e
® ®
° | °
® e
® 6 ®
e ! e
® | ®
° /l* | °
@, I o ©
) | e
® ! ®
left-hand| side microphione array 4 virtual line AA
microph¢ne array-eéntre point 5 rear ventilation
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9  driving direction

virtual line BB’
virtual line PP’

Figure 1 — Example of a test room; configuration for rear wheel drive vehicles

7.2 Testroom dimensions

All room dimensions shall be adjusted to meet the specific application for the products being tested.
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The length of the room depends on several factors including the following:
— the length of the longest vehicle to be tested;

— the location where the relevant sound pressure levels are expected;
— the lowest frequency of concern (see 7.3).

To cover all possible cases, the minimum room length, Inin, room (base size), is recommended as follows:

1
min,room =20m + Iveh +2- dabsorb +2- Z ) zcut off (2)
wherje

20 m is the original length of test track;

Hen is the length of longest vehicle to be tested for vehicles of categories M1 gnd M2
having a maximum authorized mass not exceeding 3 500°kg, and category N1;
is 5 m for vehicles of category M2 having a maximuntauthorized mass exceeding
3500 kg, and categories M3, N and N3;

dabsorb is the thickness of absorbing elements;

1/4 Acutoft  is 1/4 of the wavelength at the cut-off freguiency (2 times 1/4 wavelength from the

outer microphones to the absorbing walls).

If this is not possible, see Annex E for further information on minimum room length. The width, wygom,
of the¢ room is dependent on whether it is a single*sided facility or a dual-sided facility. In any case, the
distapce from the centreline to the microphone-line shall be 7,5 m. A shorter distance with|a correction
of the¢ sound pressure level is not permissible;

The width, wsingle room, 0Of single-sided facilities is as follows:

w single,room =7,5m+2-dey, + 2 i At off T % "Wveh (3)
wherje

75 m is the-original distance from the centreline to the microphone line;

dabsorb is'the thickness of absorbing elements;

b

/4 Acutoff 1S 1/4 of the wavelength at the cut-off frequency (1 time 1/4 of the wavelepgth from
the microphones to the absorbing elements + one time 1/4 of the wavelength from the
vehicle to the absorbing elements);

Wyeh is the width of vehicle.

The width, wqual,room, of dual-sided facilities is as follows:

1
:2'7’5m+2'dabsorb+2'Z'1cutoff 4)

W dual,room

where
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7,5 m

dabsorb

1/4 Acut

is the original distance from the centreline to the microphone line;

is the thickness of absorbing elements;

off
from the microphones to the absorbing elements).

is 1/4 of the wavelength at the cut-off frequency (two times 1/4 of the wavelength

[t is recommended to ensure a distance of 1/4 of the wavelength from the microphones to the absorbing
elements for single-sided and dual-sided facilities. If this is not fulfilled, the free-field condition at the

microphone

The minimu

array shall be checked as described in 7.3.

rces

(exhaust ou
absorbing el

7.3 Acous

7.3.1 Gen

The free fiel
use of the ro|

7.3.2 Vali

7.3.2.1 Ge

m-height-of-the-room-is-dependent-on-the-vehicle height-and-thelocation-of-noise-se
let). See 7.3. To minimize the influences, the distance from the relevant sourcect
ements shall be at least 1/2 of the wavelength at the cut-off frequency.

stical qualification of the room

eral

d shall meet the requirements of ISO 3745 or, alternatively, ISO‘26101. To consider s
om, the validation shall be done for indoor microphone arrays.

fdation of free-field conditions

neral

Three options of evaluation are possible to validate the free field conditions; see 7.3.2.2 to 7.3.2.4.

7.3.2.2 Vallidation of the inverse square law on lines from the centre of the room to microp

position

The source
arrays (see
indoor micr
microphone

For each line
ISO 3745 or,

is placed on the floor on the(virtual line PP’ in the centre between the microg
Figure 2). Lines to be evaluated are plotted from the source to each microphone ¢
bphone arrays. It is possible:to reduce the number of lines by considering represent
positions and symmetry ofthe room.

, atleast 10 equidistant points shall be measured (see Figure 2) and processed accord
alternatively, [SQ-26101.

b the

ecial

hone

hone
f the
ative

ng to

10
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Figure 2 — Example of validation according to 7.3.2.2

ource is placed on the floor on the Virtual line PP’ in the centre between the micropho
le 3). A line to be evaluated is plotted from the source to each microphone at the cor
uidistant points shall be measured. In addition, points of concern of the indoor microphone arrays

.3 Validation of the inverse square law with at least one line from the centre of the room to
'rophone position and the points of cencern of the microphone arrays

n]f arrays (see
ers. At least

are measured (see Figure 3), Rrocessing for all these measurement points shall be done hccording to

ISO 3

745, or alternatively, [SO-26101.
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7.3.2.4 Validation of the inverse square law along the complete microphone arrays

The source i
(see Figure 4

(R) in driving direction, each at a distance of 7,5 m from the centre line of the room (see Figu

The tests ar
length of ou

the microphone arrays. The tests-can be made symmetrically to both sides of the lines L. and R

choosing the
the height of

For compari
decay at the
are given fr

points on the microphone array

Figure 3 — Example of validatiortaccording to 7.3.2.3

s placed on the floor on the virtual line PP’ in the centre between the microphone a
). The free-field conditions are'verified along both microphone array lines left (L) and

e performed for the complete length of the microphone array lines (usually 20 m, or
Fdoor test track) at measurement positions in 1,2 m height at each microphone posit

centre points Rg.aiid Lo (intersection of the virtual line PP’ with the microphone art
the microphofiés) as starting points.

son of measured sound pressure levels with the inverse square law, the theoretical
microphene test positions shall be calculated from the individual path lengths, ry

rrays
right
re 4).
ginal
on of
iwhen
ay at

level
that

bm the-source position to the respective measurement position on lines L and R and the

reference pa1th length, ro, of the centre measurement position.

With the source on the floor and the reference microphone at the centre measurement position, the

reference pa

th length, ro, is given by Formula (5):

ry = \/(7,5m)2 +1,2m)? =7,595m

(5)

Subsequently, the path lengths, ry, to the microphone at distance x to the reference microphone position

along the lin

Ty

where

12

es Rand L are given by Formula (6):

_ 2 2
- \/r0+Xmicro

(6)
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Xmicro 1S the position of the microphone in the arrays in driving direction, given as distance to the
reference microphone position.

The relative sound pressure level decay, ALy, is then computed according to Formula (7):

dB (7)

I,

r
ALX:20-1g[—X
0

N\
J

1 dB
.
pd

3

> 1

A
DPODDDODODODDDDOOPOD®

M

l\))’(
PODOOODODODDDOOOPOD®

e

@

N
e
ol

r

Key
X microphone position, m

v

pund pressure level, dB
measuring line

spund source

--- inverse square law

e measured points on the line

Figure 4 — Example of validation according to 7.3.2.4

These predicted relative seunid pressure level decays are used for the comparison with the measured
soungl pressure levels at’thé same measurement positions (see Figure 4). The centre posifions Rg and
Lo orf microphone lines-Rand L serve as reference for the computed relative sound pressurg level decay
from|measurementi, The difference between the measured and predicted relative decays fis compared
with [the permissible deviations given in 7.3.3.

7.3.3] Qualification procedure

The lpwest frequency which meets the requirements given in Table 2 defines the cut-off frequency of the
room. The cut-oIf Irequency of the room shall be Iess than the Towest Irequency of concern. Frequency
of concern referred to a single frequency or band which influences the overall level by more than 0,4 dB.

NOTE For evaluation below 100 Hz, ISO 3745 indicates that difficulties can occur due to the growth of the
nearfield of the source.

The deviations of measured sound pressure levels from those estimated using the inverse square law
shall not exceed the values given in Table 2.
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Table 2 — Maximum permissible deviation of measured sound pressure levels from theoretical
levels using the inverse square law

One-third-octave-band mid frequency Permissible deviation
Hz dB
<630 *3,5
800to 5000 3,0
26 300 +4
NOTE An additional tolerance of 1 dB has been added on the ISO 3745 requirement considering
that indoor pass-by is an engineering and not a laboratory method.

7.4 Condition of the floor

The absorption coefficient of the floor shall not exceed the coefficient defined in ISQO" 1084¢4 for
propagation|area.

7.5 Cooling, ventilation, air temperature, exhaust gas management
The room temperature shall be within the limits as defined in [SO 362-1:2015, 7.3, i.e. 5 °C to 40 °(.

During the mpeasurements, the exhaust system of the vehicle shall be @acoustically fully exposed to the
acoustic spafe. Exhaust gas extraction systems present inside the room are not recommended.

When using|dedicated exhaust gas extraction systems, these should be at least 0,5 m away from the
tailpipe outlet and the devices shall not block the line of sight-ffom the outlet to any microphone in the
microphone|arrays.

The volume|flow of the room ventilation system is dependent on the room dimensions, the geometry,
and orientatjion of the test object and the type of testrun.

In order to be able to cover a wide range of rgom temperatures, it is recommended to install dn air
conditioning system. This allows creating (conditions comparable to temperature conditions ¢n an
outdoor tradk.

All safety regulations for indoor testingfacilities concerning harmful substances shall be fulfilled

7.6 Background noise

In accordange with ISO 362-1;2015, 7.3, the indoor test facility shall be designed for an A-weighted Jound
pressure level of the background noise (including the noise caused by air handling, vehicle coolingf etc.)
at least 10 dB below thefmaximum A-weighted sound pressure level produced by the vehicle undef test
as measured in the-test room. If the level difference is between 10 dB and 15 dB, the measured Jound
pressure level shall'be corrected according to Table 3.

Table 3 — Correction for background noise

Level difference from background noise to

maximum sound pressure level of the vehicle 10 11 12 13 14 15
under test, dB

Correction, dB -0,5 -0,4 -0,3 -0,2 -0,1 0
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8 Dynamometer requirements

8.1 Type of texture of the rollers

The texture of the rollers shall be rough enough to transfer the torque of the tested vehicle under the
required conditions.

NOTE A texture comparable to an abrasive paper P80 or P100 (as defined in ISO 6344-1) is a good
compromise between grip and emitted noise.

8.2 Diameter of the rollers

The diameter of the rollers of a four-wheel dynamometer is limited by the shortestWheelbase of
the vehicle to be tested (see Figure 5). On the other hand, the diameter shall be as) big as possible to
minimize the acoustical effects in comparison to a flat track.

NOTE For example, a diameter of 1,91 m (6 m circumference) is applicable for{vehicles with a wheelbase
down|to 2,2 m (with consideration of some tolerance between the rollers).
1
A
I |
I I
d t d
Key

1  wheel base
pller diameter

—

t tplerance

Figure 5 — Dynamometer dimensions

8.3 | Reproducibility of the pass-by dynamics

The response of the dynamometer should be able to follow the rapid transient of the vehicle acceleration
cycle. Therefore, the response time of the dynamometer shall not be greater than the response time of
the vehicle under testing conditions.

The vehicle on the roller bench shall be able to reproduce the outdoor dynamics (averaged engine speed
and averaged vehicle speed from at least four outdoor measurements in comparison to the average of
four indoor measurements) under the same initial conditions within a maximum deviation of +2 %
between the lines PP’ and BB’ for M1, M2 not exceeding 3 500 kg and N1 vehicles. Because of the higher
spread in the run-to-run variation, the corresponding maximum deviation for M2 exceeding 3 500 kg,
M3, N, and N3 is £4 %.
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8.4 Single-axle or multi-axle operation

When using variant A (see 10.1), which measures the tyre/road noise independently on an outdoor test
track and then combines the results (power train noise from indoor testing), it is recommended to use
the least possible number of driven axles (to minimize the tyre/road noise on the dynamometer).

When using variant B (see 10.1), which measures the overall vehicle noise directly on the dynamometer,

itis recomm

ended to use the operation of all axles of the vehicle under test.

8.5 Noise emission limit under operating conditions produced by the dynamometer

rollers

The noise er]
be low enou

Normally, th
greater than

NOTE Ty
independent

levels domina
and dynamor

9 Test py

9.1 Genel

Acoustic dat
as time hist
during the t
toline AA’ o
are sequenc

track. Through the process of combining these signals, a virtual sweep is made of the microphone

to represent
providesas
the “course”

NOTE In

time-based anpalysis of each ofthe'individual microphones. This enhances the capability of defining specific

sources, such|
vehicle front
the vehicle nd

9.2 Micrd

hitted by the roller bench under operating conditions (without vehicle on the rollers)
bh not to influence the expected sound levels of interest.

is is fulfilled if the difference between the measurements with and withoeut vehi
15 dB (measured with the microphones at the 7,5 m line).

pical measurements 1,2 m above rotating dynamometer show A-weighted sound pressure |
bf drum speed, up to approximately 70 km/h with less than 45 dB. Airzhandling sound prd

te the roller bench sound pressure level. Sound pressure levels below45 dB for air-handling
heter noise are achievable.

rocedures

ral

a from each of the measuring microphones@re acquired and stored to computer me
bries. At the same time, data are acquired-to quantify the vehicle speed and engine §
bst. These various sources of information are combined, based on a trigger signal rel

bd over time, based on the speed; of the vehicle and its simulated position along th

the movement of the vehicle-past a single microphone. The digital signal processing sy
ngle plot of the overall sound pressure level of the vehicle as a function of its position
addition, typical contmercially available systems generally have the capability to provide addi
as the level fromthe microphone directly in line with the exhaust outlet or at the centreline

hxle. Most data processing systems offer an array analysis tool that provides a detailed mapp
ise information.

phone array — Hardware and software

shall

cle is

evels,
ssure
noise

mory
peed
ating

the test track when the acceleratordsapplied. The time data from each of the microphones

b test
hrray
stem
hlong

Fional
noise
of the
ing of

It shall be ensured that the calculating method of the overall sound pressure level is able to deliver
values within certain accuracy every 0,5 m along the test track (the minimum requirement is 30
readings per second). Therefore, the density of the microphones shall be coordinated with the algorithm
of the calculation method.

NOTE This does not require to have microphones every 0,5 m, but that the A-weighted sound pressure level
can be interpolated to some accuracy to estimate dB values every 0,5 m along the simulated path of travel.

The software shall be able to emulate the position equivalent to an outdoor measurement and shall
match the position of the microphones to the vehicle for the indoor test.

This is deemed to be fulfilled if the software meets the requirements formulated in Annex A.
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Vehicle fixing system

The fastening system should be small enough to avoid disturbance of the sound field.

NOTE

There is a non-negligible disturbance of the sound field if the fixing system is too big and located
beside the wheels. If using a fixing system in the front or the rear of the vehicle (rods or chains), no significant
disturbance of the sound field is expected. In this case, however, mechanical noise needs to be avoided.

For avoiding slip, the fixing system may include arrangement(s) for adding a downwards-directed force.
This force may be applied as an additional mass on the driving axle(s) or as a downwards pulling strap
between the centre of the axle(s) and the foundation of the dynamometer rollers.

9.4

9.4.1
As de

9.4.2

9.4.2

The ¢
with

9.4.2
N3 vq

9.4.2
As de

9.4.2
As de

9.4.2
As de

Conditions of the vehicle

General conditions

fined in ISO 362-1:2015, 8.2.1.
Test mass of the vehicle

L1 General

ontrol system of the dynamometer rollers shall simuldte the vehicle acceleration iy
Clause 8, based on the test mass, my, as specified in Table 4.

thicles only

2.1 Calculation of extra loading

fined in ISO 362-1:2015, 8.2.2.2.1,

2.2 Loading considerations-if load cannot be aligned with the centre of rear ax

fined in ISO 362-1:2015,8:2.2.2.2.

.2.3 Test mass foryvehicles with more than two axles

fined in ISO 362*1:2015, 8.2.2.2.3.

accordance

.2 Calculation procedure to determine virtual or actual physical test mass, m, ¢f N2 and

le
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Table 4 — Virtual or actual physical test mass

Vehicle Vehicle test mass

category

M1 Mt = Myef = Mierb + 75 kg. The 75 kg added mass accounts for the mass of the driver according to
ISO 2416. The test mass m¢ shall be achieved with a tolerance of +5 %.

M2, M3 m¢ = Myo. The mass in running order, my,, shall be achieved with a tolerance of +5 %.

N1ab Mg = Myef = Mierb + 75 kg. The 75 kg added mass accounts for the mass of the driver according to
ISO 2416. The test mass, my, shall be achieved with a tolerance of +5 %.

N2,N3 Mearget = 50 [kg/KW] x Pn [kW]. Extra loading myjoad to reach the target mass, marget, of the
vehicle shall he plnrr—\d above the rear axle
Tlhe sum of the extra loading and the unladen rear axle load, mra 10ad unladen, is limited to 75.%¢f
the maximum axle capacity, Mac ra max, allowed for the rear axle. The target mass, meargef,.Shall(be
achieved with a tolerance of +5 %.
If the centre of gravity of the extra loading cannot be aligned with the centre of the)rear axle, the
test mass, my, of the vehicle shall not exceed the sum of the unladen front axle lead) m¢; 10ad unlalien,
ajnd the unladen rear axle load plus the extra loading and the mass of driver,myg:
The test mass for vehicles with more than two axles shall be the same as«fapPa two-axle vehicle
If the unladen vehicle mass, mynladen, of a vehicle with more than two axles is greater than the test
npass for the two-axle vehicle, then this vehicle shall be tested witlieut extra loading.

a N1 categary vehicles may be loaded, at the decision of the vehicle manufactucer, for practical reasons during th¢ test.

This practice is acceptable; however, it can lead to a higher level of vehicle noise{typically 1 dB).

b Ifload is 4qdded to these vehicles during the test, the added payload shall be-noted in the test report.

9.4.3 Tyre selection and tyre condition

If using vari
necessary td

to provide this. But also other systems (noise barriers) are applicable if the propagation of sound

other source

If using vari
pressure red

Snow tyres,
results), e.g.
not be used.

For certifica
to be compli
correspond

The tyre shd
shall be accd

hnt A (see 10.1), which measures the tyre/road noise independently on the test track
have a very low tyre noise on the roller's! For example, tyres with no tread (slicks) ar¢

s is not obstructed.

ant B (see 10.1), the tyres shall'be appropriate for the vehicle and shall be inflated t
ommended by the vehiclemanufacturer for the test mass of the vehicle.

traction tyres, and special-use tyres can create problems (reproducibility and spre
due to temperaturébehaviour and tread pattern influence. For this reason, such tyres

tion and reldted purposes, additional requirements for the tyres, defined by regulatio
ed withFle tyres for such a test shall be selected by the vehicle manufacturer and
Lo one<ofithe tyre sizes and types designated for the vehicle by the vehicle manufac

rding to 1SO 362-1:2015, 8.2.3.

, it is
b able
from

o the

ad of
shall

h, are
shall
furer.

11 be commercially available on the market at the same time as the vehicle. The tread ¢lepth

NOTE

The tread depth can have a significant influence on the acoustic test result.

The exact knowledge of the tyre noise is crucial to obtain reliable results. For this reason, the condition
of the tyres shall be observed very exactly.
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Operating conditions

9.5.1 Vehicles of categories M1, M2 having a maximum authorized mass not exceeding
3500 kg, and N1

9.5.1

.1 General conditions

The vehicle shall be fixed on the rollers in a way that the centreline of the vehicle is within a tolerance of
+0,05 m to each microphone array throughout the entire test.

Any trailer that is not readily separable from the towing vehicle shall be ignored when con

Cross
that i
multj
slow

9.5.1

The {
acco
9.5.1

To dd

speedl between the acceleration phase and the constant-speed status. To avoid slip, it i

incre

9.5.1

9.5.1
As de

9.5.1
with

As dg

9,5.1
ratio

As de

9.5.1

ing of the line BB’. If a vehicle is fitted with more than two-wheel drive, test it in ther
s intended for normal road use. If the vehicle is fitted with an auxiliary manual trans
-gear axle, the position used for normal urban driving shall be used. In all case$) the gg
movements, parking, or braking shall be excluded.

2 Testspeed

est speed viest shall be (50 + 1) km/h. The test speed shall be reached when the ref]
ding to ISO 362-1:2015, 3.5, is at the virtual line PP’. If the test speed is modified
3.2, the modified test speed shall be used for both the acceletation and constant-spee

tect excessive slip, it is recommended to control the ratio of engine rotational speed

ase the axle load. If this measure does not succeed check the tyres and the roller texty
.3 Gear ratio selection

.3.1 General

fined in ISO 362-1:2015, 8.3.1.3.1.

3.2 Manual transmission; automatic transmission, adaptive transmission, or ti
continuously variable gearratio (CVT) tested with locked gear ratio

fined in ISO 362-1:2015,8.3.1.3.2.

tested with-non-locked gear ratio

fined indSO 362-1:2015, 8.3.1.3.3.

4. ““Acceleration test

sidering the
ive selection
mission or a
bar ratios for

erence point
hccording to
d tests.

and vehicle
possible to
re.

ansmission

3.3 Automatictransmission, adaptive transmission, and transmission with variable gear

As defined in ISO 362-1:2015, 8.3.1.4.

9.5.1

.5 Constant-speed test

As defined in ISO 362-1:2015, 8.3.1.5.

9.5.2 Vehicles of categories M2 having a maximum authorized mass exceeding 3 500 kg, M3,
N2 and N3

9.5.2

.1 General conditions

As defined in ISO 362-1:2015, 8.3.2.1.
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9.5.2.2 Target conditions

9.5.2.2.1 General
As defined in ISO 362-1:2015, 8.3.2.2.

9.5.2.2.2 Vehicles of category M2 having a maximum authorized mass exceeding 3 500 kg, and
category N2

As defined in ISO 362-1:2015, 8.3.2.2.1.

9.5.2.2.3 Iehicles of categories M3 and N3

As defined in ISO 362-1:2015, 8.3.2.2.2.

9.5.2.3 Gdar selection

9.5.2.3.1 General
As defined i ISO 362-1:2015, 8.3.2.3.1.

9.5.2.3.2 Manual transmission, automatic transmission, adaptive transmission, or transmigsion
with continpously variable gear ratio (CVT) tested with locked:gear ratio

As defined in I1SO 362-1:2015, 8.3.2.3.2.

9.5.2.3.3 Automatic transmission, adaptive transmission, and transmission with variable gear
ratio tested|with non-locked gear ratio

As defined in 1SO 362-1:2015, 8.3.2.3.3.

9.5.2.3.4 Power trains with no rotational-€engine speed available

As defined in ISO 362-1:2015, 8.3.2.3.4

9.5.2.4 Wijde-open-throttle test

As defined i [SO 362-1:2015;8.3.2.4.
9.6 Measpurementreadings and reported values

9.6.1 Genpral

At least four measurements forathtestconditions shratt bemmade omreach side of the vehicleandfor each
gear ratio.

The maximum A-weighted sound pressure level indicated during each run of the vehicle between the
virtual lines AA’ and BB’ shall be noted to the first significant digit after the decimal place. If a sound
peak obviously out of character with the general sound pressure level is observed, that measurement
shall be discarded.

The first four valid consecutive measurement results for any test condition, within 2,0 dB allowing for
the deletion of non-valid results, shall be used for the calculation of the appropriate intermediate or
final result.

The speed measurements at lines AA’, BB’, and PP’ shall be noted and used in the calculations to one
digit after the decimal place.
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9.6.2

ISO 362

Data compilation

As defined in ISO 362-1:2015, 8.4.2.

-3:2016(E)

9.6.3 Vehicles of categories M1 and M2 having a maximum authorized mass not exceeding
3 500 kg, and of category N1

9.6.3

.1 Acceleration

As defined in ISO 362-1:2015, 8.4.3.1.

9.6.3
As dg

9.6.4

As de

9.7

The
vari
ther

are not completely known and sometimes affect<the end result in a non-predictab

unce

by thle procedure given in ISO/IEC Guide 98-3, of’by interlaboratory comparisons in accg

ISO 5
given
procg
data,
so de

&

L2 Reported value and final results

fined in ISO 362-1:2015, 8.4.3.2.

fined in ISO 362-1:2015, 8.4.4.

Measurement uncertainty

easurement procedure described in 9.6 is affected by several parameters (e.g. suj
on, environmental conditions, measurement system>uncertainty, etc.) that lead to
bsulting sound level observed for the same vehiclezThe source and nature of these p

‘tainty of results obtained from measurements:according to this part of ISO 362 can

725 (all parts). Since extensive inter- and intra-laboratory data are not available, th
in ISO/IEC Guide 98-3 is followed to estimate the uncertainty associated with the
dure of this part of ISO 362. The uncertainties given in Table 5 are based on exist
analysis of tolerances stated in this part of ISO 362, and engineering judgment. The 4
termined are grouped as follows:

i

Vehicles of categories M2 having a maximum authorized mass exceeding 3 500 kg, M3,
N2, and N3

face texture
variation in
brturbations
e way. The
be evaluated
rdance with
e procedure
easurement
g statistical
ncertainties

a) Variations expected within.the same indoor test facility and slight variations in ambient conditions
fpund within a single test-series (run-to-run);

b) variations expected within the same indoor test facility but with variations in ambient conditions
gdnd equipmentproperties that can normally be expected during the year (day-to-day)

c) Variations between indoor test facilities where, apart from ambient conditions, equipment, staff,
dnd road surface conditions (for tyre/road noise measurements outdoors) also are different (site-
to-site),

If reported, the expanded measurement uncertainty together with the corresponding coverage factor

for the stated coverage probability of 80 % as defined in ISO/IEC Guide 98-3 shall be given. Information

on th

NOTE

e determination of the expanded uncertainty is given in Annex D.

Annex D gives a framework for analysis in accordance with ISO/IEC Guide 98-3, which can be used to
conduct future research on measurement uncertainty for this part of ISO 362.

Uncertainty data are given in Table 5 for all vehicle categories of this part of ISO 362. The variability is
given for a coverage probability of 80 %. The data express the variability of results for a certain tested
vehicle and do not cover product variation.

Until more specific knowledge is available, the data for site-to-site variability may be used in test
reports to state the expanded measurement uncertainty for a coverage probability of 80 %.
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Table 5 — Variability of measurement results for a coverage probability of 80 %

Run-to-run | Day-to-day2 | Site-to-site
Vehicle category
dB dB dB
M1, M2, M3 and N1, N2, N3 0,3 0,5t00,9 1,4

a  The actual measurement uncertainty for the day-to-day situation is dependent on which kind of
testroom, e.g. open test room, or which kind of climatic control is used. A lower temperature variation
causes a smaller measurement uncertainty.

10 Test methods and test report

10.1 General
There are two possibilities of doing an indoor pass-by test.

a) Variant|A: Measurement of power train noise on the dynamometer analogously-to ISO 362-1 and
energetical addition of the tyre/road noise (measured separately on an outdoertest track) (see [L0.2).

b) Variant| B: Direct measurement of the overall vehicle noise on the dynamoemeter (with or without
road shells) analogously to ISO 362-1 and correction of the obtained ‘noise values to come fo an
outdoor|prediction. This variant is still under development; an overview is given in Annex C.

10.2 Variant A

10.2.1 Genpral
This method is a combination of indoor testing (power train noise) and outdoor testing (tyre/road noise).

It is not necdssary to do the measurement of the tyre/road noise every time a vehicle is tested. The data
of several tyfres can be stored in a database and a‘matching data set from the database can then belused
for the test.

10.2.2 Power train noise
It shall be erlsured that there is no_remaining tyre/road noise affecting the measurements.
NOTE For example, this can heaccomplished by using tyres with no tread (slicks).

In any case [it shall be ensured that the remaining tyre/road noise shall be at least 10 dB beloy the
maximum Afweighted setind pressure level produced by the vehicle under test. If this condition cgnnot
be fulfilled, # correction' shall be carried out. This correction procedure is described in B.6.

The vehicle $hall be' measured according to the operating condition specified in 9.5.

10.2.3 Tyre/road noise

The measurements of the tyre/road noise shall be performed on a test track as described in ISO 10844.
The evaluation of tyre noise consists of two procedures, namely:

a) evaluation of free rolling noise;

b) evaluation of tyre/road noise including torque influence which can be derived from a) by a
simplified method.

All conditions for evaluation of tyre/road noise, free rolling noise, and torque influence are described in
Annex B.
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10.2.4 Calculation of the total vehicle noise using variant A

The total vehicle noise Ltyy is the energetical sum of tyre/road noise LTrn and power train noise LpTN.
This calculation shall be carried out for each single run.

LPTN LTRN
oy =10-1g[10 10 110 10 |dB (8)

Ly

The calculation of the tyre/road noise is described in B.5.

10.3| Test report
The tlest report shall include the following information:

a) Jreference to this part of ISO 362, i.e. ISO 362-3;

b) the details of the test site and ambient conditions including air temperature, barometfic pressure,
dnd relative humidity;
c) the type of measuring equipment;

d) the maximum A-weighted sound pressure level typical of the\background noise;

e)

(ond

he identification of the vehicle, its engine, power, its\transmission system including available
ransmission ratios, size and type of tyres, tyre pressure, tyre production type, test rhass, power-
p-mass ratio, vehicle length, and location of the reference point;

=+ ct+

f) the transmission gears or gear ratios used during the test;

g) the vehicle speed and engine rotational speed at the beginning of the period of acceleraftion, and the
lpcation of the beginning of the acceleration phase;
h) the vehicle speed (vpp,, vp’) and-engine rotational speed (ngp, npp’) at line PP’ and at end of the

Q

cceleration phase;

i) the method used for calculation of the acceleration;
j)
k)

(o

he variant (A or B) used-for calculation of tyre/road noise;

—

he auxiliary equipment of the vehicle, where appropriate, and its operating conditiong;

1) 3gll valid A-weighted sound pressure levels measured for each test, listed according tp the side of
he vehicle-and the direction of the vehicle movement on the test site.

(o
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Annex A
(normative)

Validation of method

A.1 General

This annex
within a def

To make the

lefines a procedure which shall be used to ensure that the used method delivers‘r§
ned accuracy.

accuracy of the method used transparent, it is necessary to make a comparisen betw

real outdool measurement and an indoor measurement. The deviation of the results(shdll be with

acceptable r

In order to ¢

hnge.

heck whether the method used is delivering stable results, this validation shall be rep

after any relevant software release.

A.2 Process of validation

A.2.1 Genleral

The validati

bn process is shown in Figure A.1.

Test vehicle
Accelerated Accelerated
outdoor measurement indoor measurement
according to ISO 362¢1 according to variant A
Resulfs outdoor Results indoor

Validation report

sults

een a
in an

bated

Figure A.1 — Chart for the process of validation

Additional validations with changed boundary conditions shall deliver results with a comparable

precision.

NOTE Changed boundary conditions can include different vehicles, different environmental conditions, like
temperature or different tyres.

A.2.2 Master measurement for validation (outdoor measurement according to ISO 362-1)

A complete accelerated test as described in ISO 362-1:2015, 8.3.1.4, shall be carried out.

24
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The environmental conditions (especially the air temperature) shall be within a range which can be
simulated in the test room.

The

following should be reported:
surface temperature of the catalyst or the diesel particulate filter;
surface temperature of the rear muffler;

intake air temperature.

The measured temperatures of the exhaust system should be within a range of 30 °C during four valid

mea

If using the indoor variant A (see 10.2), additional tyre rolling noise measurements,as
Annex B shall be carried out.

A.2.

A co
out,

The

A2

A.2.4.1 Deviation ofLy,ot

The

A.2.4.2 Deéviation of Ly

The

A3

.4 Evaluation of the results

TEIMENTS. IMtake air teMmperatures sioutd be withima range of 10-°Cduring 4 vatidm

3 Validation measurement (indoor measurement according vdriant A or v

mplete accelerated test as described in this part of ISO 362 (variant-A.or variant B) shg
Using the same vehicle as used during the master measurement (see-A.2.2).

fpllowing parameters shall be controlled:

iptake air temperature compared to the intake air temperature of the master measurem
df four valid measurements);

wn

urface temperature of the exhaust system compatéd to the master measurement (av
alid measurements);

<

(o))

ngine speed curves shall be within a rangé’of +2 % compared to the master meas
ehicles of category M1, M2 not exceeding3 500 kg, and N1;

<

D

ngine speed curves shall be withi a range of + 4 % compared to the master meas
ehicles of category M2 exceeding 3*500 kg, M3, N2, and N3;

<

vehicle speed curves shall bewithin a range of #1 km/h compared to the master meas

deviation of Lot between the both measurements (indoor and outdoor) shall not exce

asurements.

described in

ariant B)

11 be carried

ent (average

brage of four

urement for

urement for

lhrement.

bd 1 dB.

deviation of L.rs between the both measurements (indoor and outdoor) shall not exced

d1dB.

Example for a validation (variant A)

Basis of an exact validation are comparable relevant parameters (within the above-mentioned
tolerances). Examples for a validation (variant A) are shown in Figures A.2 and A.3.
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Key

Y1
Y2
Y3
Y4
Y5

26

Y14 Y2
80 420
75 410
70 400
65 390
60 513 380 1 ___l;,__
55 370
— 17 A __ Y~ i [ |
50 —— e 360 4\2 Th
45 *1 - 3~ T | 350
40 340
35 330
30 320
1§ 10 5 0 5 10 15 X 45 10 5 0 5 10 150X
Y3 Y4 Y5
170 70 3000
160 b
2 L 65 2 ——1 2 500
150 / /( 22
0 {4 —4—— —7] 16
140 y 60 2000
R N 12
130 55 — 1500
1 L
120 /
50 1000
110
100 45
14 10 5 0 5 10 15 X 45 10 5 o0 5 10 15 X
Xx-positiop, m 1 indoor
intake aiy temperature, °C 2 outdoor
catalyst temperature, °C 3 limits of 5 °C temperature range
rear muffler temperature, °C 4 limits of 15 °C temperature range
speed, kih/h a  Deviation of speed is +1 km/h.
engine rdtational speed, r/mif b Deviation of engine rotational speed is +2 %.
Figare’A.2 — Examples for the most relevant parameters
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Y1 Y2
75 2
73 %
71 - 1
L~ 2T T~ 11— - - - —
> 7 i 7 /,f«w/
67 ot /A 3 M 5
65 yad . 0 \\V"\,\/ n N’\-_
63 4 o A Vv \-\/\_,,\/ 6
61 ¢
8 / I S (S U S S U S S —
59 7
g7 7
45 £ -2
-5 -10 -5 0 5 10 15 X 15 10 -5 0 5 ] 15 X
Key
X  xrposition, m 3 power train noise indoor
Y1 spund pressure level, dB(A) 4  tyre/road noise calculated
Y2 deviation, dB 5 actual deviation
tptal vehicle noise outdoor 6 lower limit of permissible maximum d¢viation
tptal vehicle noise indoor 7  upper limit of permissible maximum dgviation
Figure A.3 — Example of an indoor/outdoor validation 'with indication of the permissible

maximum deviation
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Annex B
(normative)

Procedure for measurement, evaluation, and calculation of tyre/

B.1 Gene

This annex d
(see 10.2). T
the free roll
The result g
coefficients

B.2 Gene

B.2.1 Tyr¢
The vehicle 1

The test mo
with two te{

The weight ¢

The vehicle’
indoors +25

To ensure {
requirement

spray sy

addition
the emit

wheel a

addition

road noise when using variant A

ral

escribes the method how to measure and evaluate the tyre/road noise when usingvari
he idea of the method is the decomposition of tyre/road noise in its main component
ing noise and the torque influence, and their description by certain regrtession m
f the analysis is a data set of regression coefficients for each test track position. ]
hre only related to the test track used for the measurement.

ral conditions

 test vehicle
1sed shall be representative of vehicles to be tested.indoors.

for vehicle shall have the same number of axles as the vehicle tested indoors or two
t tyres on each axle by default.

n each tyre of the vehicle shall be equalor higher to vehicles to be tested indoors.

5 track width and wheelbase fitted(with test tyres shall be equal to vehicles to be t
%.

hat tyre noise is not significantly affected by the test vehicle design, the follg
s shall be fulfilled:

ppression flaps or other extra devices to suppress spray shall not be fitted;

or retention of élements in the immediate vicinity of the rims and tyres which might s
ted sound isnot/permitted;

al’sound absorbing material shall not be mounted in the wheel housings or undeg

ant A
s, i.e.
dels.
"hese

hxles,

bsted

wing

freen

ignment(toe in, camber, and caster) shall be checked on the unloaded vehicle and found to
be in fulll accordance with the vehicle manufacturer’s recommendations;

r the

underb

1
ay;

the windows and sliding roof of the vehicle shall be closed during testing.

B.2.2 Power train conditions

To ensure that there is no power train noise affecting the measurements, the use of a silent propulsion
vehicle is recommended (tyre test vehicle). If such a vehicle is not available, using a normal vehicle to
measure the free rolling noise is possible. A “simplified procedure” may then be used for the torque
influence evaluation.

When a normal vehicle is used (not a tyre test vehicle), the following conditions apply:

— thetran

28

smission is in neutral position;
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— the engine is switched off or at idle. In this case vehicle noise shall be evaluated at idle to ensure that
it does not affect the free rolling noise.

When a tyre test vehicle is used, it shall be ensured that the remaining power train noise shall be at least
10 dB below the A-weighted sound pressure level produced by the vehicle under all relevant driving
conditions as described for the acceleration test in 9.5.1.4. This shall be checked by carrying out the test
on the dynamometer with fitted slicks and additional noise barriers on the tyres for suppression of the
tyre/roller noise.

To achieve these requirements a tyre test vehicle could be an internal combustion engine vehicle or
an electric vehicle. Power train, exhaust system, admission, transmissions, or significant accessories

runnHs durinathatoact mavha ancancnlatad
Trg oot trre—cSotTiter

L) Y oe-errcopotitre e

Figuite B.1 shows an example for a checking procedure of a tyre test vehicle. It is applieable fo all vehicle
categories of this part of ISO 362.

Vehicle with encapsulated engine or electric vehicle

I
Masked tyres
I
I |
) Measure cruise Measure free rolling
Measure noise noise (CRS) noise (FRN)
with wide ~——" I
open throttle (WOT) I
| |
50 km/h, 2 m/s? at PP :
35 km/hat BB', n,,= My getd | CRS < FRN
I
I
I
: yes no
Lo = Lops I Tyre masking is efficient, Tyre not cortectly
b————q evaluation of the silent —— masked, 10 dB|will be
<10 dB vehicle is valid difficult to rpach

!

Improve masking of tyres

Engine is not silent and go to step |Masked
tyres”

Engine is silent

Key

a  For vehicles of category M1, M2 not exceeding 3 500 kg, and N1.
b For vehicles of category M2 exceeding 3 500 kg, M3, N2, and N3.

Figure B.1 — Example for a checking procedure of a tyre test vehicle

B.2.3 Tyre conditions

The tyres shall be selected by the vehicle manufacturer and shall correspond to one of the tyre sizes
and types designated for the vehicle by the manufacturer. The tyres shall be commercially available on
the market at the same time as the vehicle. The minimum tread depth shall be the same as defined in
ISO 362-1:2015, 8.2.3.
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Test tyres shall be mounted on any rim approved by the tyre manufacturer. Tyre inflation pressure
shall not exceed those recommended for the vehicle to be tested indoor. In case of overweight of the test
vehicle compared to the vehicle tested indoor, it is permitted to adapt the inflation pressure, Ptest, of the
tyres during the test to keep an equivalent footprint as follows:

0 1,25
_ test
Ptest o Pref [ Q (B.1)
ref
where
Pref sthemftatior pressure Tecommended by the mrammufacturer;

Qrest 1s the weight of the tyre test vehicle;

Qref s the weight of the vehicle to be tested indoors.

B.2.4 Temperature correction

To adapt rolling noise testing conditions from track to indoor, a temperaturé-correction of the tyre
rolling noiseg level Ltrn is needed using the following relationship:

LTrN(20PC) = Ltrn(@) + C- (20°C - 9) (B.2)

where

J istHe measured temperature of the test track surface'in degree Celsius (° C);
C isafoefficient.
For C1 tyres|(passenger cars), the coefficient C is;
C=-0,08dB/°C ford9>20°C
C=-0,0pdB/°C for9<20°C
For C2 tyres|(heavy commercial vehieles), the coefficient C is:

C=-0,0p dB/°C

NOTE The tyre classesare defined in ISO 13325:2003, 3.1.

B.3 Procedure-for tyre/road noise evaluation

B 3 1 V h cla onarating e dids oo Far o n Fronn 3 1lhino noice comnonan +
. ] e CIC UPCI ﬂbllls CUIIVIUIVUIIO 1IVUI LIITC 11001 Ullllls 1IIUIOC LUlllPUllUll\

Several pass-by measurements shall be carried out with different constant speeds.

For vehicles of categories M1 and M2 having a maximum authorized mass not exceeding 3 500 kg, and
category N1, the speed range shall be from 40 km/h to 90 km/h in steps of 10 km/h and for vehicles
of category M2 having a maximum authorized mass exceeding 3 500 kg, and categories M3, N2, and
N3, the speed range shall be from 25 km/h to 65 km/h in steps of 10 km/h If it is ensured that the
reproducibility of noise measurements has a spread of less than #0,3 dB, the number of runs and the
speed range may be modified.

Atleast four measurements shall be made on each side of the test vehicle at test speeds lower than each of
reference speeds specified, and at least four measurements at test speeds higher than each of reference
speeds. The speeds shall be approximately equally spaced over the corresponding speed range.
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When a normal vehicle is used, the free rolling noise is measured within a light deceleration: the vehicle
enters the measurement area with a speed just above the target speed (that should be reached near line
PP’), then, before line AA’, either the engine is switched off (recommended, if possible) or the gear lever

is put to neutral (engine idling). The deceleration shall not be greater than 0,3 m/s2.

Figure B.2 shows an example for vehicle speed profiles to determine the free rolling noise component.

Y
100
90 — =
80
70 —— — — —~i
60 — — E— ——
50 - - —
40 F———— = e =
30
-15 -10 -5 0 5 10 15 X
Key
X  Xxrposition, m
Y wvehicle speed, km/h
Figure B.2 — Example for vehicle speed prefiles to determine the free rolling noise component
B.3.2 Vehicle operating conditions-for the torque influence component
This procedure is possible only with a tyre test vehicle. In case of a normal vehicle, the torque influence
is evaluated with the simplifiedptrocedure described in B.3.3.
Several accelerated pass-by. méasurements shall be carried out with different accelerationls. The range
of the acceleration shall-be’from zero up to the maximum available acceleration, but ngt more than
3 m/p2 and the step sizeshall not exceed 1 m/s2. The speed range shall correspond apprpximately to
the typical testing situation (e.g. for M1 from 40 km/h to 60 km/h at line PP’, and for N3 from 25 km/h
to 45(km/h at linéeBB’).
To ensure consistent results is recommended to perform the measurements of the tyre/rodd noise with
torque influence and under free rolling conditions in two consecutive test series, or under(fvery similar
envijonmental conditions.

Figure B.3 shows an example for vehicle speed profiles to determine the torque influence component.
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Figure B.3

B.3.3 Sim

If no tyre tes
drive train)

115

-10 10 15

h, m
peed, km/h

plified procedure for the torque influence.component

t vehicle (electric vehicle or vehicle with intéfhal combustion engine and fully encapsu
is available, it is possible to calculate the torque influence component from a free r

noise measufrement with a normal vehicle and a standard function for the torque influence. In this

the followin
function of g

b is assumed: The standard functien is the same for each x-position and the result is
cceleration. The torque influencé gomponent, ALti, of the sound pressure level is calcu

— Example for vehicle speed profiles to determine'the torque influence component

lated
blling
case,
nly a
lated

as follows:

ALti(a,x) =2 - (- a2(x) + (- a(x) (B.3)
where

¢ isthe coefficientofthe standard torque influence;

a isthe vehicle acceleration at the power train noise measurement;

x  isthe x¢p0sition of the vehicle.
Experience showsthatthe coefficient ¢ isbetweenr 6,075 for toudtesttracksand—0;15for quieter

test tracks.

If this simplified method is used, the attributes of the test track used need to be known.

Since the free rolling noise measurement with a normal vehicle is carried out with engine off, a
measurement at a constant speed is not possible. It is important to ensure that the deceleration is not
greater than 0,3 m/s2.

Figure B.4 shows an example for the standard function torque influence.
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Figure B.4 — Example/for standard function torque influence

Figute B.5 gives, by way of an example, a procedure for checking which method to use.

Vehicle on SO track Vehicle on ISO track
with wide open throttle at cruise

no no

Engine silent Engine silent

No measurement

Torque Free rolling Lngine not possible
influence noise switched off
oridle
Torque yes
influence
es

relevant Y No measurement
No torque Use standard Free rolling
influence torque influence noise coast down

Figure B.5 — Example for a procedure for checking which method to use
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B.4 Calculation of tyre/road noise coefficients

B.4.1 General

The tyre/road noise can be described using a simple model. This divides the tyre/road noise, LTry, into
two main components, the free rolling noise, Lrrn, and the torque influence, ALty. The free rolling noise
is a function of the vehicle speed, v, and the torque influence is a function of vehicle acceleration, a. The
model is described at each x-position, the usual increment of which is 0,2 m.

LtrN(a, v,

x) = Lprn(v, X) + ALTi(a, X)

B.4.2 Cald

The coeffici{

ents of the free rolling noise sound pressure level, Lrrn, can be determined. ditectly

ulation of free rolling noise coefficients

(B.4)

from

the measur¢ment. The free rolling noise can be described by a logarithmical regression model. The
coefficient of determination of the regression shall not be less than 0,9.
v(x)
vik|=a(x)+ Bx) lg| ————— B.5
LFRN( ) ( ) 'B< ) g 50km/h ( )
where
a, 5 are the coefficients of free rolling noise, in decibels (dB);
1% is[the vehicle speed, in kilometres per hour (km/hj;
X is[the x-position of the vehicle.
Figure B.6 shows an example for curve fitting (regression) at certain x-positions and Table B.1 gives an
example for p coefficient data set.
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Y freerolling noise Lrrn, dB(A)
v vehicle speed, km/h
Figure B.6 — Example for curve fitting at the x-positions -7,2 m up to -6,8 m
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Table B.1 — Example for a coefficient data set

Xx-position a B
m dB dB
-10 30,96 11,81
-9,8 30,86 12,14
-9,6 31,02 11,83
-9,4 31,49 11,19
-9,2 31,94 10,49
-9 32,02 10,46
-8,8 32,04 10,53
-8,6 32,26 10,19

B.4.3 Calculation of torque influence coefficients

The qoefficientsy, 6, € of the exact torque influence cannot be determined directly from the measurement.
Beforfe the torque influence sound pressure level, ALt], cannbe described (using a regressipn model), it
has tp be determined from the measured tyre/road noise,"LTrn, and the corresponding calculated free
rolling noise, LrrN, by subtraction. The associated fregrolling noise is determined from thq coefficients
a, 5, and the vehicle speed profile of the torque influence measurement.

v TRN (X)

50 km /h (B.6)

AL, (a,x) = Lpn (a,v,x) —la (x) +8 <x) g
wherje

Iirrn  is the tyre/road noisesound pressure level;

q, B are the coefficients of free rolling noise, dB;

d is the vehicle’acceleration;

UrrN is thelyehicle speed at the tyre/road noise measurement outdoors;

X isthe x-position of the vehicle.

Figued,7 shows an example for tyre/road noise and its corresponding free rolling noise.
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Figure B.J — Example for tyre/ro ;)ise TRN and its corresponding free rolling noise FRN
u@ the torque influence TI
For the des¢ription of the tor nfluence sound pressure level, ALt], a quadratic model is used. It
is important to note that th efficient £(x) is not significantly different from 0, i.e. |¢(x)| < 0,1} It is
sufficient if the coefficie his regression is not less than 0,7.
ALy (afe) = @27 (x)+ 8 (x)- a(x) + & x) (B7)
where é&v
a is the vehicle acceleration;
X is the x-position of the vehicle;
¥, 6,  are the coefficients of the exact torque influence.

B.5 Calculation of the tyre/road noise related to the power train noise

measurement
This calculation requires the following:

— the set of coefficients of the tyre;
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— the vehicle speed profile of the power train noise measurement;

— the required temperature of the test track surface (see 9.5).

Table B.2 and Figure B.8 show an example for the required input data.

Key

Table B.2 — Set of tyre coefficients

ISO 362-3:2016(E)

£

-position, m

Xx-position a B y 0 €

m
-10 34,51 5,84 0,70 -1,36 -0,23
-9,8 34,68 5,55 0,56 -1,07 -0,21
-9,6 34,29 6,27 0,34 -0,59 -0,45
-9,4 34,64 5,69 0,15 0,01 -0,74
-9,2 34,19 6,57 0,03 0,29 ~0/95
-9 34,38 6,33 0,11 0,03 40,87
-8,8 34,17 678 0,04 0,17 -0,86
-8,6 33,58 791 -0,05 0,49 -1,14

Y

70

65

60 /

55

/
50
45
-15 10 -5 0 5 10 15

ehicle speed, km/h

Figure B.8 — Vehicle speed profile of power train noise measurement indo

pr
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The related tyre/road noise sound pressure level LTry is calculated from the data set as follows:

free rolling noise

VPTN (X)

LTRN (a,v,x,S) -« (X) +B (X) 1g 50 km/h

(B.8)
and either exact torque influence

+y (X) . aETN (x) +0 (x) “dpry (x) +¢ (x)

or standard ftorque influence
2
+2-C - dpry (X)+C “Apry (X)

and temperdture correction

+C-(207C-9)
where

dpTN is the vehicle acceleration at the power train noise meéasurement;

c is the temperature correction coefficient;

VPTN is the vehicle speed at the power train noise;iieasurement;
X is the x-position of the vehicle;

a f are the coefficients of free rolling noise;

¥, 6, ¢ | are the coefficients of the exact torque influence;
4 is the coefficient of the standard torque influence;
J is the measured temperature of the test track surface.

Figure B.9 shows an examplé-for the calculated tyre/road noise and the related free rolling noise.
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When evaluating the power train noise indoor, it shall be checked whether the remainin

noise
shall

distufrbance noisex

First
procq

not necessdry since the torque influence can be neglected for slicks.
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"ee rolling noise
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Figure B.9 — Example for calculated tyre/road noise and related free rolling noise

Disturbance noise correction of power train noise measurement

of the slicks is at léast 10 dB below the measured maximum power train noise. If not,
be applied. This)ycheck should be carried out even if slick tyres are used to m

step for4his check is to determine the coefficients of free rolling noise indoor analog
dure onthe test track outside (see B.4.2). A determination of the torque influence c

b tyre/roller
a correction
nimize that

rously to the
befficients is

smentioned

Next

£ ratla ] laots £41 4+ H H 4+ latad £ 11; H
(TP TS UUICT LAt UTAtiuIirurtirc puwTT T AT TIUTSTTITITA SUT TIITCTITT TIATTU TT T T UTITIT S 1TOTS T

in B.5. If the distance between the two curves in the area of the maximum level is less than 10 dB, the
free rolling noise has to be subtracted from the measurement of the power train noise to achieve the
corrected power train noise sound pressure level, LpTn.

LTVNi LFRN

wher

e

Ltyni is the total vehicle noise sound pressure level indoors;

LrrN s the free rolling noise sound pressure level.
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Figure B.10 shows an example for a procedure to check if a disturbance noise correction is necessary.

NOTE

Figure B.1

40

Vehicle with slick tyres on roller bench

Measure noise with
wide open throttle (WOT)

Measure cruise
noise (CRS)

|
Measure free rolling
noise (FRN)

Engine noise

[neasurement

Engine noise

measurement © FRN

©)|stands for energetical subtraction.

CRS - FRN
>10dB
WOT - FRN
>10dB
yes no
Engine noise Enging,Hoise
yes no measurement meastrement © FRN

D — Example for a procedure to che¢k’if a disturbance noise correction is necessary
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