INTERNATIONAL ISO
STANDARD 362-1

Second edition
2015-01-15

Corrected version
2015-09-15

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

Part 1:
M and N categories

Mesurage du bruit émis-par les véhicules routiers en accélération —
Méthode d’expertises=

Partie 1: Catégaries M et N

-_— Reference number
=/ N— 1SO 362-1:2015(E)

©1S0 2015


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

ISO 362-1:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

Contents

FFOT@WOTM .........cccccoovvve e85 858885855
IIUETOAUCEION........ccc s
1 S0P ...
2 NOITATIVE FEECI@INCES ..........ccccccovoosesesssessessss s
3 Terms and defiNITIONIS . ...t
4 Symbols terms and abbreviated terms

5 Specification of the acceleration for vehicles of categories M1 and M2 having'a

ISO 362-1:2015(E)

maximum authorized mass not exceeding 3 500 kg and of category N1
5.1 LOT<) 4 1) = OO OSSO S

5.1.1  Applicability and conditions. ... oot
5.1.2  Calculation of total engine POWer ... @y o,
5.1.3  Battery state of charge
5.2 Calculation of aCCElETatiON. ... st e
521 Calculation procedure for vehicles with manual transmission, automatic
transmission, adaptive transmission, and continuously variable
transmission (CVT) tested with locked geafdatios ......cococcscfoicn 10
5.2.2  Calculation procedure for vehicles with-atitomatic transmission, adaptive
transmission, and CVT tested with non-locked gear ratios
5.3 Calculation of the target acceleration......... S0

5.4 Calculation of the reference acceleration
5.5 Partial power factor kp ..

INSTruMEeNtAtION. ... 2 s
6.1 Instruments for acoustical MeaSUFEMENT. ...
6.1.1  General
700 Y7/ OF=1 1101 =11 ) o U OO
6.1.3  Compliance With e qUIT@MENTS.........cccvvvriivrroivririirrirsesssessssssssssssessessne
6.2 Instrumentation for speed measurements
6.3 Meteorological inSEIMENEATION ...oooieooeereeceeseeeeieee e
Acoustical environmént, meteorological conditions, and background noise.....J........ 13
7.1 ST STt o e 13
7.2 MeteorolAZICal CONMAITIONS ...t 14
7.3 BaCKGIOUNA NOTSE .....occe e
TESE PIOCEAUITES ..........cooc e
8.1 Microphone positions
8.2 GONditions Of the VENICIE ..o 15
8.2.1
8.2.2
823
8.3 OPETating CONAITIONIS oot 18
8.3.1  Vehicles of categories M1 and M2 having a maximum authorized mass not
exceeding 3 500 kg and cate@ory NT ... 18
8.3.2  Vehicles of category M2 having a maximum authorized mass exceeding
3500 kg, and categories M3, N and N3 ..., 21
8.4 Measurement readings and reported values
84T GEIETAL ..o
8.4.2  Data COMPIIATION oo
8.4.3  Vehicles of categories M1 and M2 having a maximum authorized mass not
exceeding 3 500 kg and category N1 ... 26
8.4.4  Vehicles of category M2 having a maximum authorized mass exceeding
3500 kg and categories M3, N2, and N3 ..., 26
8.5 MEaSUTEMENT UTNICETTAINETY ......oooo oo 27

© 1S0 2015 - All rights reserved iii


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

ISO 362-1:2015(E)

9 T@STTE@POTE ...tk 27
Annex A (informative) Technical background for development of vehicle noise test

procedure based on in-use operation in urban conditions ... 29
Annex B (informative) Measurement uncertainty — Framework for analysis according to

ISO/IEC GUIAE 98-3 (GUM)....occcoooiiiiiiiitiise et 51
Annex C (informative) Flowchart of the procedure for categories M1 and M2 having a

maximum authorized mass not exceeding 3 500 kg and category N1.........n 54

Annex D (informative) Flowchart for vehicles of category M2 having a maximum authorized
mass exceeding 3 500 kg and categories M3, N2, and N3 with locked gears ... 59

Annex E (informative) Flowchart for vehicles of category M2 having a maximum authorized
masy exceeding 3 500 kg and categories M3, N2, and N3 with non-locked gears....cx.>..|.... 60

Annex F (informative) Flowchart for vehicles of category M2 having a maximum authorized
masy exceeding 3 500 kg and categories M3, N2, and N3 with no rotational engine

speefl available ... e e 62
Annex G (informative) Indoor teSt OPeration............p e e 63
133100 00 ] 1 OO OSSR S 66

iv © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

For

ISO 362-

eword

1:2015(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

An extensive review was conducted of actual in-use vehicle operations, beginning with data from the
TUV Automotive study in the early 1990s and continuing with data developed through other committee
members from 1996 through 2000. It includes nearly 100 vehicles operated on a variety of urban roads
in Europe and Asia. The primary focus of the in-use measurements was to determine how vehicles
are driven with a variety of vehicles, driving behaviours, and traffic situations. The in-use behaviour

determined from these studies was successfully correlated to urban traffic use in the United Stat

es by

evaluation of the fuel economy test cycles used by the United States Environmental Protection Agency

(USEPA). The resulting test specifications are therefore valid for all global urban use conditions.

The procediire defined here provides a measure of the sound pressure level from vehicles tllnder

controlled apd repeatable conditions. The definitions have been made according to the requiren
of vehicle categories. In cases of vehicles other than very heavy trucks and buses, the working g
found that attempts to conduct a partial load test as in actual use resulted in considerable run-t
variability that significantly interfered with the repeatability and reproducibilityef/the test
Therefore, fwo primary operating conditions (i.e. a wide-open-throttle acceleration phase 3
constant spged phase) were used to guarantee simplicity. The combination was found to be equiv
to the partidl throttle and partial power (engine load) actually used.

As a further| consequence of the investigation of the requirements for afy efficient test, it was de
to design a fest which was independent of vehicle design and therefore safe and adaptable for f
technologieq, as well as for future traffic conditions. The test guarantees an excitation of all rel
noise sources, and the final test result reflects a combination of these sources as a compromise bet
normal urban use and “worst case”.

In 2004, thelgiven test for M and N category vehicles was evaluated for technical accuracy and pra
consideratiaons by test programmes carried out by the Japan Automobile Standards Internationaliz
Center (JAS[C), the European Automotive Manufacturers Association (ACEA), and the Socie
Automotive [Engineers, Inc. (SAE) in the United States. Over 180 vehicles were included in these

The reportsof these test programmes were considered prior to preparation of this part of ISO 363.

This part of [SO 362 was developed following demands for a new test procedure considering the follo
— “The tedt procedure (ISO 362) doest’t reflect realistic driving conditions” (1996 EU Green Pay

— “In the dase of motor vehicles;-other factors are also important such as the dominance of tyre
above qtiite low speeds (50km/h)” (1996 EU Green Paper).

— “A new [measurement procedure should require that the major noise sources of a vehid
measure¢d” (2001 Noise Emission of Road Vehicles - I-INCE).
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This edition|of ISO_36241 while maintaining the same technical procedures as the previous editio

, has

been revisedl based on practical experience to provide additional clarification, to provide addifional
equivalent test modes for heavy commercial vehicles, and to incorporate provisions for addressing

hybrid prop sion systems for M1 and N1 category vehicles
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part of ISO 362 specifies an engineering method for measuring thezneise emitted by 1
egories M and N under typical urban traffic conditions. It excludes-Vehicles of categor

pecifications are intended to reproduce the level of noisegenerated by the principal n
g normal driving in urban traffic (see Annex A).

method is designed to meet the requirements of;simplicity as far as they are con|
ducibility of results under the operating conditions of the vehicle.
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conditions are usually provided for
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1  Theresults obtainedby this method give an objective measure of the noise emitted undet
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ent classes of motor vehicles is not simply related to the indications of a sound measureme
rance is strongly. télated to personal human perception, physiological human conditions,
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2 Normative references

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

ISO1
[SO 2
ISO 5

© ISO

176, Road vehicles — Masses — Vocabulary and codes
416, Passenger cars — Mass distribution

725 (all parts), Accuracy (trueness and precision) of measurement methods and results

2015 - All rights reserved
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ISO 10844:2014, Acoustics — Specification of test tracks for measuring noise emitted by road vehicles
and their tyres

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC 60942, Electroacoustics — Sound calibrators

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1176 and ISO 2416 anld the
following apply.

3.1 Vehicle mass

3.1.1

kerb mass
complete shlipping mass of a vehicle fitted with all equipment necessary for normal operation plus
the mass off the following elements for M1, N1, and M2 having a maximum authorized mass not
exceeding 3|500 kg:

— lubricants, coolant (if needed), washer fluid;
— fuel (tank filled to at least 90 % of the capacity specified bythe manufacturer);

— other equipment if included as basic parts for the vehigle, such as spare wheel(s), wheel chocks, fire
extingulsher(s), spare parts, and tool kit

Note 1 to entyly: The definition of kerb mass can vary from-country to country, but in this part of ISO 362, it fefers
to the definitjon contained in ISO 1176.

3.1.2
maximum gquthorized mass
kerb mass plus the maximum allowable\payload

3.1.3
unladen vehicle mass
nominal mags of a completeZN2, N3, or M2 vehicle having a maximum authorized mass greater{than
3500 kg or an M3 vehicle.as determined by the following conditions:

a) mass off the vehicl¢ includes the bodywork and all factory-fitted equipment and electrical and
auxiliary equipment for normal operation of the vehicle, including liquids, tools, fire extingujsher,
standarfl spake-parts, chocks, and spare wheel, if fitted;

b) the fuelltank is filled tg gt least 90 94 of rated r‘anar‘ﬂ‘v and the other ]1n111r‘| Pnnfnlrnng Sy tems
(except those for used water) are filled to 100 % of the capaCIty specified by the manufacturer

3.1.4
driver mass
nominal mass of a driver

3.1.5

mass in running order

nominal mass of an N2, N3, or M2 vehicle having a maximum authorized mass greater than 3 500 kg or
an M3 vehicle as determined by the following conditions:

a) the massis taken as the sum of the unladen vehicle mass and the driver’s mass;

2 © IS0 2015 - All rights reserved
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b) in the case of category M2 and M3 vehicles that include seating positions for additional
crewmembers, their mass is incorporated in the same way and equal to that of the driver

Note 1 to entry: The driver’s mass is calculated in accordance with ISO 2416.

3.1.6

maximum axle (group of axles) capacity

permissible mass corresponding to the maximum mass that can be carried by the axle (group of axles)
as defined by the vehicle manufacturer, not exceeding the axle manufacturer’s specifications

3.1.7
unladen axle (group of axles) load
actugl mass carried by the axle (group of axles) in an unladen condition

Note [ to entry: The unladen vehicle mass is equal to the sum of the unladen axles (group ofaxles) Joad.

3.1.8
extra loading
mass|which is added to the unladen vehicle mass

3.1.9
laden axle (group of axles) load
actugl mass carried by the axle (group of axles) in a laden conditieh

3.2
power-to-mass ratio index
PMR
dimepsionless quantity used for the calculation of aceeleration according to the following formula:

P
BMR =—2x1000
my

wherje
Hn  is the numerical value of tetal engine power, expressed in kilowatts;
mt is the numerical valué of the test mass, expressed in kilograms

3.2.1]
total{engine power
sum ¢f all power frony¥available propulsion sources

3.3
rated engineSpeed
S
engine speed at which the combustion engine develops its rated maximum net power fs stated by
the mamufacturer

Note 1 to entry: If the rated maximum net power is reached at several engine speeds, S used in this part of ISO 362
is the highest engine speed at which the rated maximum net power is reached.

Note 2 to entry: ISO 80000-3 defines this term as “rated engine rotational frequency”. The term “rated engine
speed” was retained due to its common understanding by practitioners and its use in government regulations.

3.4 Vehicle categories

3.4.1
category L
motor vehicles with fewer than four wheels

Note 1 to entry: United Nations Economic Commission for Europe (UNECE) document TRANS/WP.29/78/
Rev.1/Amend.4 (26 April 2005) extended the L category to four-wheeled vehicles as defined by L6 and L7.

© IS0 2015 - All rights reserved 3
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34.1.1
category L1
mopeds

and L2

Note 1 to entry: See ISO 9645 for further details.

3.4.1.2
category L3

two-wheeled motor vehicles with an engine cylinder capacity greater than 50 cm3 or maximum speed

greater than 50 km/h

3.4.1.3

category L4

three-wheeled motor vehicles with an engine cylinder capacity greater than 50 cm3 or maximaum gpeed
greater than 50 km/h, the wheels being attached asymmetrically along the longitudinal vehicle ayis
3.4.1.4

category L5

three-wheelpd motor vehicles with an engine cylinder capacity greater than 50 ¢iit3 or maximum gpeed
greater thar] 50 km/h, having a gross vehicle mass rating not exceeding 1 000-kg and wheels attdched
symmetrically along the longitudinal vehicle axis

3.4.1.5

category L6

four-wheeled vehicles whose unladen mass is not more than 350:kg, not including the mass of the
batteries in the case of electric vehicles, whose maximum desigi.speed is not more than 45 km/h and
whose engirle cylinder capacity does not exceed 50 cm3 for spark (positive) ignition engines, or whose
maximum net power output does not exceed 4 kW in the case of other internal combustion engings, or
whose maxiijnum continuous rated power does not exceed4 kW in the case of electric engines

3.4.1.6

category L7

four-wheeledl vehicles, other than those classified as category L.6, whose unladen mass is not more than
400 kg (550|kg for vehicles intended for carkying goods), not including the mass of the batteries in the
case of electfic vehicles, and whose maximum continuous rated power does not exceed 15 kW

3.4.2

category M

power-driven vehicles having atledst four wheels and used for the carriage of passengers

3.4.2.1

category M1

vehicles usefl for the earriage of passengers and comprising no more than eight seats in addition o the
driver’s seat

3.4.2.2

category M2

vehicles used for the carriage of passengers and comprising more than eight seats in addition to the

driver’s seat

and having a maximum mass not exceeding 5 000 kg

Note 1 to entry: In this definition, “maximum mass” is equivalent to “maximum authorized mass” used elsewhere
in this part of ISO 362.

3.4.2.3

category M3
vehicles used for the carriage of passengers and comprising more than eight seats in addition to the
driver’s seat and having a maximum mass exceeding 5 000 kg

Note 1 to entry: In this definition, “maximum mass” is equivalent to “maximum authorized mass” used elsewhere
in this part of ISO 362.

© ISO 2015 - All rights reserved
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3.4.2.4

incomplete vehicle of category M2 or M3:

incomplete vehicle with just chassis rails or tube assembly, power train, and axles, which is intended to
be completed with bodywork, customized to the needs of the transport operator

3.4.3
category N
power-driven vehicles having at least four wheels and used for the carriage of goods

3.4.31
category N1

ing 3 500 kg

vehidles used for the carriage of goods and having a maximum authorized mass exeeeding 3 500 kg but

category N3
vehidles used for the carriage of goods and having a maximum authorized mass exceeding {12 000 kg

3.5
referjence point
pointl depending on the design and category of the vehicle

3.5.1
referience point for category M1 and N1 vehicles and M2 having a maximum authorized mass not
exceeding 3 500 kg

point on the vehicle as follows:

— fpr front-engine vehicles, the front end ofthe vehicle;
— fpr mid-engine vehicles, the centre pf the vehicle;
— fprrear-engine vehicles, therear end of the vehicle

3.5.2
referjence point for category M2 having a maximum authorized mass exceeding 3 50(Q kg, M3, N2,
and N3 vehicles

point on the vehicle asfollows:

— fpr front-engine vehicles, the front end of the vehicle;
— fpr all othef vehicles, the border of the engine closest to the front of the vehicle

3.6
targetacceleration

acceleration at a partial throttle condition in urban traffic, derived from statistical investigations

Note 1 to entry: Refer to Annex A for more detailed explanations.

3.7
reference acceleration
required acceleration during the acceleration test on the test track

Note 1 to entry: Refer to Annex A for more detailed explanations.

© IS0 2015 - All rights reserved 5
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3.8

gear ratio weighting factor

k

dimensionless quantity used to combine the test results of two gear ratios for the acceleration test and
the constant-speed test

3.9

partial power factor

kp

dimensionless quantity used for the weighted combination of the test results of the acceleration test
and the constant-speed test for vehicles of categories M1, N1, and M2 having a maximum authorized

mass not ex¢eeding 3-500kg

Note 1 to entfy: Refer to Annex A for more detailed explanations.

3.10
pre-accelerption
application of acceleration control device prior to the position AA’ for the purposé ‘of ‘achieving qtable
acceleration|/between AA’ and BB’

Note 1 to entiy: See Figure 1 for additional details.

3.11
locked gear ratio
control of transmission such that the transmission gear cannot change during a test

3.12
engine
power sourde without detachable accessories

Note 1 to enfry: Power source includes in this context-all sources of motive power; for example, electric or
hydraulic power sources used alone or in combination with other power sources.

3.13

test track l¢ngth

ho

length of test track used in the calculdtion of acceleration from points PP’ to BB’
3.14

test track l¢ngth

I20

length of tesft track usedinthe calculation of acceleration from points AA’ to BB’
3.15

target engine rotational speed

Ntarget BB’

interval betyeén 70 % and 74 % of the speed S for vehicles of category M2 having a maximum authorized

mass exceeding 3 500 kg and N2 and an interval between 85 % and 89 % of the speed S for vehicles of
category M3 and N3

3.16
target vehicle speed
Vtarget BB’

vehicle speed of 35 km/h + 5 km/h
4 Symbols terms and abbreviated terms

Table 1 lists the symbols, terms, and abbreviated terms used in this part of ISO 362 and the subclause
where they are used for the first time.
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Table 1 — Symbols and abbreviated terms used and corresponding clauses

Symbol Unit Subclause Explanation

AA — 3.10 Line perpendicular to vehicle travel which indicates beginning of
zone in which to record sound pressure level during test

a; m/s2 A.2.6 Partial throttle acceleration in gear i

Omax m/s2 A.2.2.3 Maximum acceleration during an acceleration phase measured in
in-use studies

dmax 90 m/s? A.2.3.1 90th percentile of maximum acceleration during an acceleration
phase measured in in-use studies

Awot m/s2 A.2.2.1 In-use acceleration measured in urban traffic for a sgedific vehicle

Awot $0 m/s2 A.2.8.1 Acceleration at 90th percentile of noise emission.and 54 km/h vehi-
cle velocity for a specific vehicle

Awot m/s2 5.1 Acceleration at wide-open-throttle in geard

Awot (i + 1) m/s? 5.1 Acceleration at wide-open-throttle in gear{i + 1)

Awot fest m/s? 5.1 Acceleration at wide-open throttle-in-single gear test cdses

Awot tef m/s2 5.4 Reference acceleration for the wide-open-throttle test

Qurbap m/s?2 5.3 Target acceleration represefiting urban traffic acceleration

BB’ — 3.10 Line perpendicular to v€hiele travel which indicates engl of zone in
which to record sound\pressure level during test

cc — 8.1 Centre line of vehicletravel through test surface as defined in
ISO 10844

61— 47 dB B.2 Input quantities to allow for any uncertainty

gear | — 8.3.1.3.2 First of tivo gear ratios for use in the vehicle test

gear[i+1) |— 8.3.1.3.2 Secend of two gear ratios, with an engine speed lower than gear
ratio 1

gear k — 8.3.2.3.2 First of two gear ratios used for testing of M2 having a maximum
authorized mass of more than 3 500kg, M3, N2, and N3 where cer-
tain criteria on test conditions are met

geary — 8.3:2.3.2 Second of two gear ratios used for testing of M2 having|a maximum
authorized mass of more than 3 500kg, M3, N2, and N3 where cer-
tain criteria on test conditions are met

j — Index for single test run within overall acceleration or donstant
speed test seriesior (i + 1)

kp — 39 Partial power factor

k — 3.8 Gear ratio weighting factor

kp — A.2.8.1 Interpolation factor between gears

Iref m 5.1 Reference length

lveh m 5.1 Length of vehicle

1o m 3.13 Length of test section for calculation of acceleration from PP’ to BB’

o m 3.14 Length of test section for calculation of acceleration from AA’ to BB’

Lersi dB 8.4.3.2 Vehicle sound pressure level at constant speed test for gear i

Lers (i +1) dB 8.4.3.2 Vehicle sound pressure level at constant speed test for gear (i + 1)

Lers rep dB 8.4.3.2 Reported vehicle sound pressure level at constant speed test

Lwot i dB 8.4.3.2 Vehicle sound pressure level at wide-open-throttle test for gear i

Lwot (i + 1) dB 8.4.3.2 Vehicle sound pressure level at wide-open-throttle test for gear
(i+1)

Lwotrep dB 8.4.3.2 Reported vehicle sound pressure level at wide-open-throttle

© ISO 2015 - All rights reserved
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Table 1 (continued)

Symbol Unit Subclause Explanation

Lurban dB 8.4.3.2 Reported vehicle sound pressure level representing urban opera-
tion

Mfaload kg 8.2.2.1 Unladen front axle load

unladen

Mac ra max kg 8.2.2.1 Maximum rear axle capacity

Myraload kg 2.2.1 Unladen rear axle load

unladen

mq kg 8.2.2.1 Mass of driver

Mkerb kg 8.2.2.1 Kerb mass of the vehicle

MchassismzM3| | kg 8.2.2.1 Mass of the incomplete vehicle (M2 or M3)

MyloadM2M3 || Kg 8.2.2.1 Extra load to be added to the incomplete vehicle (M2-or M3) to
reach the mass of the vehicle in running order as-chosen by the
manufacturer

Mra10ad 1aden || KE 8.2.2.2.2 Laden front axle load

Mraloadladen | | KE 8.2.2.2.2 Laden rear axle load

Mref kg 8.2.2.1 Kerb mass + 75 kg for the driver {75 kg + 5 kg in the case of cate-
gory L)

Mro kg 8.2.2.1 Mass in running order

mt kg 3.2 Test mass of the vehicle

Mtarget kg 8.2.21 Target mass of the véhicle

Munladen kg 8.2.2.1 Unladen vehicle mfass

Mxload kg 8.2.2.1 Extraloading

n 1/min A2.4 Engine.rotational speed of the vehicle

npp’ 1/min 9 Enginerotational speed of the vehicle when the reference point
passes PP’

nBp’ 1/min 8.3.2.2.1 Engine rotational speed of the vehicle when the reference point
passes BB’

NtargetBB’ 1/min 8.3.2.2 Target engine rotational speed of the vehicle when the referende
point has to pass line BB’ (see 5.1 for definition of reference point)

(n/S)a 90 — A8.1 Dimensionless engine rotational speed ratio at 90th percentile
acceleration

(n/S)1 90 — A2.6 Dimensionless engine rotational speed ratio at 90th percentile noise
emission

(n/S); =< A2.81 Dimensionless engine rotational speed ratio at maximum accelgra-
tion of i gear

(n/S)i+1) — A2.81 Dimensionless engine rotational speed ratio at maximum accelera-
tion of (i + 1) gear

PMR — 3.2 Power-to-mass ratio index to be used for calculations (abbreviation)

Py kw 3.2 Rated total engine power (see ISO 1585 for combustion engines)

PP’ — 3.13 Line perpendicular to vehicle travel that indicates location of micro-
phones

S 1/min 3.3 Rated engine rotational speed in revolutions per minute, synony-
mous with the engine rotational speed at maximum power

17V km/h 5.2.1 Vehicle velocity when reference point passes line AA’ (see 5.1 for
definition of reference point)
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Table 1 (continued)
Symbol Unit Subclause Explanation

VBB’ km/h 5.2.1 Vehicle velocity when reference point or reference length passes
line BB’ (see 5.1 for definition of reference length and see 3.5 for
definition of reference point)

VBB'1 km/h 8.3.2.3.3 Target vehicle velocity when certain conditions are met

VBB'2 km/h 8.3.2.3.3 Target vehicle velocity when certain conditions are met

Vpp’ km/h 5.2.2 Vehicle velocity when reference point passes line PP’ (see 5.1 for
definition of reference point)

Vtargdt BB’ km/h 8.3.2.2 Target vehicle velocity when it is necessary that the reference point
pass line BB’ (see 5.1 for definition of reference poirit)

Viest km/h 8.3.1.2 Target vehicle test velocity

Vamak 50 km/h A.2.3.1 50th percentile vehicle velocity at maximum dcceleratidn during an
acceleration phase measured in in-use studies

Vamak 90 km/h A2.31 90th percentile vehicle velocity at mgximum acceleratiqn during an
acceleration phase measured in intuse studies

5 Specification of the acceleration for vehicles of eategories 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 aqcelerations are calculated using differentspeeds of the vehicle on the test track. The foymulae given

in 5.2 are used for the calculation of awott @wot (i + 1), and awot test- The speed either at AA’|(van’) or PP’

(vpp’) is defined by the vehicle speed whefithe reference point passes AA’ or PP’. The speed atf BB’ (vgp’) is

defined when the rear of the vehicle passes BB’ or the front of the vehicle passes BB’ + 5 m if|l;efis chosen

as 5 m. The method used for determination of the acceleration shall be indicated in the test report

Due to the definition of the reference point for the vehicle, the length of the vehicle is c
be different in Formulae (2) and (3). If the reference point is the front of the vehicle, I ef 3
length of vehicle; if the xeference point is the midpoint of the vehicle, Ief = 0,5 Iyen (i.e. G
length of vehicle); if the ¥eference point is the rear of the vehicle, Ief = 0.

At thle choice of the*vehicle manufacturer, front engine vehicles may use Iref = 5 m, and
vehidles may useTrer= 2,5 m

The

defined- as follows: Irg = 20 m, I19 = 10 m.

bnsidered to
lyeh, i.e. the
,5 times the

mid engine

imensions of the test track are used in the calculation of acceleration. These dimpensions are

Due to the large variety of technologies, it is necessary to consider different modes of

calculation.

New technologies (such as continuously variable transmission) and older technologies (such as

automatic transmission) that have no electronic control require a more specific treatment

for a proper

determination of the acceleration. The given possibilities for calculation of the acceleration shall cover

these requirements.

5.1.2 Calculation of total engine power

If two or more sources of propulsive power operate at the conditions of test specified in this part of

ISO 362, the total engine power, Py, shall be the arithmetic sum of parallel propulsive en

gines on the

vehicle. Applicable parallel propulsive engines are those power sources which provide forward motion

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

ISO 362-1:2015(E)

to the vehicle in combination at the conditions of test specified in this part of ISO 362. Specified power
for non-combustion engines shall be the power stated by the manufacturer.

NOTE 1

The intent of this provision is to insure that vehicles with two or more sources of propulsive power

that can operate at the same time in a parallel fashion, i.e. hybrid vehicles, use the sum of available electric and
combustion power to determine the vehicle power used for subsequent calculations of the power to mass ratio.

NOTE 2

to operate for all testing conditions.

5.1.3
If so equip
functionali

component-{
energy storg

5.2 Calcu

5.2.1 Cald

i

Battery state of charge

For certification or other regulation purposes, it can be necessary to require the combustion engine

ed, propulsion batteries shall have a state-of-charge sufficiently high to enable¢al
es as per the manufacturer’s specifications. Propulsion batteries shall be within
emperature window to enable all key functionalities. Any other type of recharg
ge system shall be ready to operate during the test

lation of acceleration

ulation procedure for vehicles with manual transmission,‘automatic

transmission, adaptive transmission, and continuously variable transmission (CVT) teste

with locked

The value of
jvalues duri

Calculate ay

gear ratios

Awot test Used in the determination of gear selection shall be the average of the four ayy,
hg each valid measurement run.

ot test, j using Formula (1):

(VBB.,]. /3,6)2 —(VAA-’]- /3,6)2

Aot test,|j = 2(120 N Iref)
where
Awot test| j is the numerical value'of the acceleration, expressed in metres per second squd
VBB, j, VAa,j  are numerical values of the velocity, expressed in kilometres per hour;
120, Iref are numericabvalues of the length, expressed in metres.

Pre-accelerdtion can be used.

Each awot teg
Awot test Shal
after the deg

t, j shall be'reported to two significant digits after the decimal place (x,xx). Calculat
| use each Gyot test, j and the final reported awot test shall be reported to two significant
imal place (x,xx). The final reported awot test Shall be used in all subsequent calculatig

| key
their
eable

pt test,

(0

red;

on of

Higits
ns.

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

The value of awot test used in the determination of gear selection shall be the average of the four awot test,

jvalues duri

ng each valid measurement run.

If the devices or measures described in 8.3.1.3.3 are used to control transmission operation for the

purpose of a

chieving test requirements, calculate awot test, j using Formula (1).

Pre-acceleration can be used.

10
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If the devices or measures described in 8.3.1.3.3 are not used, calculate awot test, j using Formula (2):

(VBB' /3,6)2 —(VPP' /3,6)2

(2)

Aot test, j = 2(110 + Iref)
where
Awot test, j is the numerical value of the acceleration, expressed in metres per second squared;
VPP’, VBB’ are numerical values of the velocity, expressed in kilometres per hour;
{0, Tref are numerical values of the length, expressed I Metres.

Pre-4cceleration shall not be used.

Each|awot test, j shall be reported to two significant digits after the decimal place (x,xx). Cplculation of
Awot fest Shall use each awot test, jand the final reported awort test shall be reported.te two signfficant digits
after|the decimal place (x,xx). The final reported awot test Shall be used in all'subsequent calculations.

NOTH

5.3

Calcylate ayrpan using Formula (3):

Q

urban

wherle

Qurban

BEMR

Calculation of the target acceleration

It would be useful for these types of vehicles to record the vehicle sp€eds at AA’, PP’, and BB’ to provide
information for a future revision of this part of ISO 362.

=0,631g(PMR)-0,09 3)

is the numerical value of the'acceleration, expressed in metres per second squared;

is the dimensionless yafue of the power-to-mass index.

The dalculated ayrpan value shallbe-reported to two significant digits (x,xx) after the decimfal place. The

reported ayrban shall be used.ih all subsequent calculations.

5.4

Calcylate awot ref usingFormula (4) and Formula (5):

Calculation of the reference acceleration

Aot ref =15971g(PMR)—-1,41 for 25<PMR 4)
or
Aot ref = Aurban =0,63 Ig(PMR)=0,09Tor 25> PMR (5)
where
Awot ref is the numerical value of the reference acceleration, expressed in metres per second
squared;
durban is the numerical value of the acceleration relative to urban traffic, expressed in metres
per second squared;
PMR is the dimensionless value of the power-to-mass index.
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The calculated awot ref value shall be reported to two significant digits (x,xx) after the decimal place.
The reported awot ref Shall be used in all subsequent calculations.

NOTE

Calculations of awot ref and ayrpan for a specific vehicle are based on statistical analyses of in-use

vehicle data. As such, this is not strictly a calculation of acceleration based on the independent non-dimensional

variable PMR

since this is used as a function to identify the appropriate target acceleration.

5.5 Partial power factor kp

Partial power factor kp is

-1-

In cases othd

The final re
decimal plag

6 Instru
6.1

6.1.1 Gen

The apparat

measurement system meeting the requirements of class lsinstruments (inclusive of the recommg

windscreen,

The entire
requirement

Measurements shall be carried out using-the time weighting “F” of the acoustic measure

instrument
that includes

time intervall not greater than 30 ms.

The instrun
instrument |

6.1.2 Cali

At the begin
shall be cheq

Instruments for acoustical measurement

L
“urban / “wot test )

borted kp value shall be mathematically rounded to two significant digits) (x,xx) aftg
e. The final reported kp shall be used in all subsequent calculations.

mentation

eral

us used for measuring the sound pressure levekshall be a sound level meter or equiy
if used). These requirements are describedin IEC 61672-1.

measurement system shall be checkéd-by means of a sound calibrator that fulfil

s of class 1 sound calibrators in accerdance with IEC 60942.

ind the “A” frequency weighting curve also described in IEC 61672-1. When using a sy
periodic monitoring of thie)A-weighted sound pressure level, a reading should be mad

manufacturer.

bration

hing and at the end of every measurement session, the entire acoustic measurement sy
ked\by means of a sound calibrator as described in 6.1.1. Without any further adjust

1 than a single gear test, awot ref Shall be used instead of awot test, as defined inf8.4.3.2}

(6)

r the

alent
nded

s the

ment
stem
eata

nents shall be mdintained and calibrated in accordance with the instructions of the

stem
ment,

the differen

re"between the readings shall be less than or equal to 0,5 dB. If this value is exceede

1, the

results of the measurements obtained after the previous satisfactory check shall be discarded.

6.1.3 Compliance with requirements

Compliance of the sound calibrator with the requirements of IEC 60942 shall be verified once a year.
Compliance of the instrumentation system with the requirements of IEC 61672-1 shall be verified at
least every 2 years. All compliance testing shall be conducted by a laboratory that is authorized to
perform calibrations traceable to the appropriate standards.

6.2 Instrumentation for speed measurements

The rotational speed of the engine shall be measured with an instrument meeting specification limits

of at least £2 % at the engine speeds required for the measurements being performed.
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The road speed of the vehicle shall be measured with instruments meeting specification limits of at

least

+0,5 km/h when using continuous measuring devices.

If testing uses independent measurements of speed, this instrumentation shall meet specification limits
of atleast £0,2 km/h.

NOTE

6.3

Independent measurements of speed are when two or more separate devices determine the v, vgp’,
and vpp’ values. A continuous measuring device determines all required speed information with one device.

Meteorological instrumentation

The
shall

— 4

— 3

7 A

7.1

The
requi
Figui

NOTH
with 1

With
such
free

In th
no p¢
posit

NOTE
track

T O OO S TCO T IOt o C It o o o C Ot O T O e oo C—C v T O Crreor CoOTTaTororo—ooy

meet the following specifications:

t least +1 °C for a temperature measuring device;

t least +1,0 m/s for a wind speed measuring device;

t least +5 hPa for a barometric pressure measuring device;

t least £5 % for a relative humidity measuring device.

A\coustical environment, meteorological conditions, and background

Test site
fest site shall be substantially level. The test\track construction and surface shi

e 1.

1  The symbols in Figure 1 are directly ‘eopied from ISO 10844:1994 and are not necessar
he symbols in this part of ISO 362.

n a radius of 50 m around the centre of the track, the space shall be free of large refle

rom absorbing materials such as powdery snow or loose debris.

brson shall remain-between the microphone and the noise source. The meter obse
joned so as nottodinfluence the meter reading.

2 Buildings outside the 50 m radius can have significant influence if their reflection focus

noise

]l meet the

rements of ISO 10844:2014. The test site dimensions reflecting ISO 10844:1994 are shown in

ily consistent

cting objects

as fences, rocks, bridges, or.buildings. The test track and the surface of the site shall be dry and

e vicinity of the microphone, there shall be no obstacle that can influence the acoustical field and

ver shall be

es on the test

© ISO
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Dimensions in metres
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mjnimum area covered with test road surface, i.e. test area
° mfcrophone positions (height 1,2 m)
NOTE Shfaded area (“test area”) is the minimum\area that it is required to cover with a surface complying

with ISO 10844.

Figure\l — Test site dimensions

7.2 Meteorological conditions

The meteorplogical instrumentation shall deliver data representative of the test site and shgll be
positioned afjacent to thetest area at a height representative of the height of the measuring microphone.

The measurgments shall be made when the ambient air temperature is within the range from 5(°C to
40 °C. The tgsts shall not be carried out if the wind speed, including gusts, at microphone height ex¢eeds
5 m/s during thessound measurement interval.

A value representative of temperature, wind speed and direction, relative humidity, and barometric
pressure shall be recorded during the sound measurement interval.

NOTE Refer to Annex B for the effects of temperature and other factors.

7.3 Background noise

Any sound peak that appears unrelated to the characteristics of the general sound level of the vehicle
shall be ignored when taking the readings.

The background noise shall be measured for a duration of 10 s immediately before and after a series of
vehicle tests. The measurements shall be made with the same microphones and microphone locations
used during the test. The maximum A-weighted sound pressure level shall be reported.
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The background noise (including any wind noise) shall be at least 10 dB below the A-weighted sound
pressure level produced by the vehicle under test. If the difference between the ambient sound pressure
level and the measured sound pressure level is between 10 dB and 15 dB, in order to calculate the jth
test result, the appropriate correction shall be subtracted from the readings on the sound level meter,
as given in Table 2.

Table 2 — Correction applied to an individual measured test value

Background sound pressure

level difference to measured 10 11 12 13 14 215
sound pressure level, in dB

Corrgection, in dB 0,5 0,4 0,3 0,2 0,1 0,0

8 Testprocedures

8.1 | Microphone positions

The distance from the microphone positions on the microphone line PR*£6 the perpendicular reference
line (C’ (see Figure 1) on the test track shall be 7,5 m * 0,05 m.

The microphone shall be located 1,2 m + 0,02 m above the ground level. The reference girection for
free-field conditions (see IEC 61672-1) shall be horizontal ahd directed perpendicularly fowards the
path jof the vehicle line CC’.

8.2 [ Conditions of the vehicle

8.2.1 General conditions
The vehicle shall be supplied as specified.by the vehicle manufacturer.
Beforfe the measurements are started, the vehicle shall be brought to its normal operating ¢onditions.

The variation of results betweensruns can be reduced if there is a 1-min wait, at idl¢ in neutral,
betwleen runs.

8.2.2] Test mass of the vehicle

8.2.2l11 General
Measurementsshall be made on vehicles at the test mass my specified in Table 3.

Target mass; mearget, is used to denote the mass that N2 and N3 vehicles should be tested af. The actual
test mpass can be less due to limitations on vehicle and axle loading.

Table 3 — Test mass, m;

Vehicle Vehicle test mass
category kg
M1 Mt = Mref = Mierb + 75 kg. The 75 kg added mass accounts for the mass of the driver according

to ISO 2416. The test mass shall be achieved with a tolerance of +5 %.

N1ab Mt = Mref = Mgerp + 75 kg. The 75 kg added mass accounts for the mass of the driver according
to ISO 2416. The test mass shall be achieved with a tolerance of 5 %.

a N1 category vehicles may be loaded, at the discretion of the vehicle manufacturer, for practical reasons during the test.
This practice is acceptable; however, it can lead to a higher level of vehicle noise (typically 1 dB).

b Ifload is added to these vehicles during testing, the added payload shall be noted in the test report.
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Table 3 (continued)

Vehicle Vehicle test mass
category kg
N2,N3 Myarget = 50 [kg/kW] x P, [KW]. Extra loading, mxoad, to reach the target mass, mearget, of

the vehicle shall be placed above the rear axle.

The sum of the extra loading and the unladen rear axle load, m310ad unladen, is limited to
75 % of the maximum axle capacity, mac ra max, allowed for the rear axle. The target mass
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 m, ofthe vehicle shall not exceed the snm of the unladen front axle lgad,

Mfa load unladen, and the unladen rear axle load plus the extra loading and the mass of driyer,
mgq.

The test mass for vehicles with more than two axles shall be the same as for a two~axle vehi-
cle.

If the unladen vehicle mass, mynladen, of a vehicle with more than two axtes.is greater than
the test mass for the two-axle vehicle, then this vehicle shall be tested-without extra loadling.

If the unladen vehicle mass, mynladen, of a vehicle with two axles is\gféater than the target
mass, then this vehicle shall be tested without extra loading.

M2, M3 mt = mro The mass in running order shall be achieved with a‘tolerance of +5 %.
Incomplete Mtarget calculated according to the procedure for N2, N3{(se€ above)
M2, M3 Or

Mt = MchassisM2M3 + MxloadM2M3 = Mro

The mass in running order shall be achieved with a tolerance of £5 %.

a N1 categofy vehicles may be loaded, at the discretion of the vehicle manufacturer, for practical reasons during the test.
This practice ifs acceptable; however, it can lead to a higher level 6fvehicle noise (typically 1 dB).

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

8.2.2.2 Calculation procedure to determine extra loading of N2 and N3 vehicles only

8.2.2.2.1 (alculation of extra loading

The target mass, mearget, (per KW rated power) for two-axle vehicles of category N2 and N3 is
specified in(Table 3:

Miarger 5 50(kg /KW )P (kW) (7)
To reach therequired target mass, marget, for a vehicle being tested, the unladen vehicle, including the

mass of the firiverymyg, shall be loaded with an extra mass, myjpad, Wwhich shall be placed above thg rear
axle as givern} in-Formula (8):

Mtarget = Munladen + Md *+ Mxload 8)

The target mass, marget, shall be achieved with a tolerance of +5 %.

The vehicle mass of the test vehicle in the unladen condition, mypjaden, is calculated by measuring on a
scale the unladen front axle load, mf, 10ad unladen, and the unladen rear axle load, my310ad unladen, as given
in Formula (9):

Muynladen = Mfaload unladen * Mraload unladen 9)

By using Formulae (8) and (9), the extra loading, myioag, is calculated as given in Formulae (10) and (11):
Myload = Mtarget — (md +Mypladen ) (10)
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(11)

The sum of the extra loading, myjpad, and the unladen rear axle load, my3 10ad unladen, is limited to 75 % of
the maximum axle capacity for the rear axle, ma¢ ra max, as given in Formula (12):

0,75 Mac ra max = Mxload + Mraload unladen

The my)oad is limited according to Formula (13):

Mxload < 0,75 Mac ra max = Mraload unladen

(12)

(13)

If thd
equa

n

In th

If thd

calculated extra loading, myjoad, in Formula (11) fulfils Formula (13), then the\ext
to Formula (11). The test mass, my, of the vehicle is as calculated from Formula|(14):

t = Mxload + Md *+ Mfa load unladen * Mraload unladen

s case, the test mass of the vehicle is equal to the target mass

t = Mtarget

calculated extra loading, myjoad, in Formula (11) does ot fulfil Formula (13), but 1

Formula (16)

)

then,

)

and t

In th

8.2.2
If the

xload > 0,75 Mac ra max = Mra load unladen

the extra loading, myjoad, shall be as givenby’Formula (17):

xload = 0,75 Mac ra max = Mra load unladen

he test mass, my, of the vehicle shall be as given by Formula (18):

t = 0,75 Mac ra max + Md + Maload unladen
s case, the test mass'of'the vehicle is lower than the target mass

t < Mtarget

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

ceritre of gravity of the extra loading, mxjoaq, cannot be aligned with the centre of the 1

test 1f

ra loading is

(14)

(15)

ather fulfils

(16)

(17)

(18)

(19)

le

ear axle, the

nass of the vehicle, my, shall not exceed the sum of the unladen front axle load, mfa 10a

i unladen, and

the unladen rear axle load, mra 10ad unladen, plus the extra loading, mxjoad, and the mass of the driver, mq.
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This means that if the actual front and rear axle loads are measured on a scale when the extra loading,
Myload, iS placed onto the vehicle and it is aligned with the centre of the rear axle, the test mass of the

vehicle minus the mass of the driver is as given by Formula (20):

Mt — M = Mfaload laden * Mraload laden (20)
where

Mfa load laden = Mfaload unladen (21)
If the centrp—ef—gravity—efthe—extraloading—eannetbe—aligned—with—the—eentre—ofthe—rear axle,
Formula (20)) is still fulfilled, but

Mfaload laden > Mfaload unladen (22)
because the fextra loading has partly distributed its mass to the front axle. In that cas€) it is not allpwed
to add more[mass onto the rear axle to compensate for the mass moved to the front axle.
8.2.2.2.3 Test mass for vehicles with more than two axles
If a vehicle with more than two axles is tested, then the test mass of thisvehicle shall be the same 3s the
test mass for the two-axle vehicle.
If the unladgn vehicle mass of a vehicle with more than two axlés-s greater than the test mass far the
two-axle vehicle, then this vehicle shall be tested without extradoading.
8.2.3 Tyre selection and condition
The tyres shiall be appropriate for the vehicle and shall be inflated to the pressure recommended Hy the
tyre manufdcturer for the test mass of the vehicle. The tyre inflation pressure shall be recommgnded
by the vehicle manufacturer for M1 and N1.
For certification and related purposes, additional requirements for the tyres, defined by regulation, are
necessary. The tyres for such a test shalkbe selected by the vehicle manufacturer and shall corregpond
to one of the tyre sizes and types deSignated for the vehicle by the vehicle manufacturer. The tyre|shall
be commerdially available on the-market at the same time as the vehicle. The minimum tread dlepth
shall be at least 80 % of the fulltyead depth.
NOTE THhe tread depth can)have a significant influence on the test result.
8.3 Operating conditions
8.3.1 Vehiclésof categories M1 and M2 having a maximum authorized mass not exceeding
3 500 kg and category N1

8.3.1.1 General conditions

The path of the centreline of the vehicle shall follow line CC’ as closely as possible throughout the entire
test, from the approach to line AA’ until the rear of the vehicle passes line BB’ (see Figure 1). Any trailer
that is not readily separable from the towing vehicle shall be ignored when considering the crossing of
the line BB’. If the vehicle is fitted with more than two-wheel drive, test it in the drive selection that is
intended for normal road use. If the vehicle is fitted with an auxiliary manual transmission or a multi-
gear axle, the position used for normal urban driving shall be used. In all cases, the gear ratios for slow
movements, parking, or braking, shall be excluded.
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The test speed, viest, shall be 50 km/h + 1 km/h. The test speed shall be reached when the reference
point according to 3.5 is at line PP’. If the test speed is modified according to 8.3.1.3.2, the modified test
speed shall be used for both the acceleration and constant speed test.

8.3.1

8.3.1

.3 Gear ratio selection

.3.1 General

It is the responsibility of the manufacturer to determine the correct manner of testing to achieve the

requi

The ¥
accof
elect

x C gives gear selection criteria and test run criteria for categories M1 and M2 having

red accelerations.

rehicle transmission, gear, or gear ratio shall be chosen to provide acceleratiomneare
ding to 8.3.1.3.2 and 8.3.1.3.3. The vehicle transmission, gear, or gear ratio may be g
fonic or mechanical measures including exclusion of kick-down function.

5T to Awot_ref
ontrolled by

a maximum

authgrized mass not exceeding 3 500 kg and for category N1, in a flowchargform as an aid to tgst operation.
8.3.1.3.2 Manual transmission, automatic transmissions, adaptive transmissions, or]
trangmissions with continuously variable gear ratios (CVTs) tested with locked gear ratios

The delection of gear ratios for the test depends on the spegific acceleration achieved ayt|; under full-
throtftle condition according to the specification in 5.2.1inrelation to the reference accelgration, ayot
ref, rgquired for the full-throttle acceleration test according to Formula (4).

The fpllowing conditions for the selection of gear ratios are possible.

NOTH1 The selection of gear ratio is determined by the average of the four awot test, j runs.

a) Ifone specific gear ratio gives acceleration in a tolerance band of 5 % of the reference pcceleration,

Q

=z

b)

= oot Q) e

—3

wot ref, Dot exceeding 2,0 m/s2, testwith that gear ratio.

OTE2 Individual awot test,j.r'ttns may be in excess of 5 % of the reference acceleration.

f none of the gear ratios-gives the required acceleration, then choose a gear rati
cceleration higher andwa-gear ratio (i + 1), with an acceleration lower than the reference
wot ref- If the accelefation value in gear ratio i does not exceed 2,0 m/s2, use both gear 1
est. The gear ratioyweighting factor k in relation to the reference acceleration awot ref
y Formula (23):

= |:awotref Aot (i+1) J / [aWOt i _aWOt(”l)}

o i, with an
acceleration
ratios for the
is calculated

(23)

hé-yvalue of k shall be calculated to two significant places after the decimal (x,x

k). The final

—

cported ksitattbeused imatt subsequent calcutations:

If the acceleration value of gear ratio i or (i + 1) exceeds 2,0 m/s2, the first gear ratio shall be used

that gives an acceleration below 2,0 m/s2 unless gear ratio (i + 1) provides acceleration less than
aurban- The achieved acceleration awot test during the test shall be used for the calculation of the
partial power factor kp instead of awot ref for tests using one gear.

d)

In the case where gear ratio (i + 1) provides acceleration less than ayrban, two gears, i and (i + 1),

shall be used, including the gear i with acceleration exceeding 2,0 m/s2. The gear ratio weighting

factor k in relation to the reference acceleration ayt ref is calculated by Formula (23).

If the vehicle has a transmission in which there is only one selection for the gear ratio, the full-throttle
test is carried out in this vehicle gear selection. The achieved acceleration awot test is then used for the
calculation of the partial power factor kp (see 3.9) instead of awot ref-
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If rated engine speed is exceeded in a gear ratio before the vehicle passes BB’, the next higher gear shall
be used. If the next higher gear results in an acceleration below ayrban, the vehicle test speed, viest, shall
be reduced by 2,5 km/h and the gear ratio selection shall proceed as specified by the options given in
this paragraph. In no case shall the vehicle test speed be reduced below 40 km/h. In this case, a gear

ratio is allowed even if ayot test does not exceed ayrban.

8.3.1.3.3 Automatic transmission, adaptive transmissions, and transmissions with variable
gear ratios tested with non-locked gear ratios

The gear selector position for full automatic operation shall be used.

The accelerrmmmmmmmmmrm.—

The test can then include a gear change to a lower range and a higher acceleration. A gear ‘cHange
to a higher fange and a lower acceleration is not allowed. In any case, a gear shifting to a/gear|ratio
that is typidally not used at the specified condition as defined by the manufacturer-in urban traffic
shall be avojded.

Therefore, it is permitted to establish and use electronic or mechanical devices, including alterrative
gear selector positions, to prevent a downshift to a gear ratio which is typicallyhot used at the specified
test conditidn as defined by the manufacturer in urban traffic.

The achievegl acceleration, awot test, Shall be greater than or equal to aban.

If possible, the manufacturer shall take measures to avoid an acceleration value ayot test greater{than
Awot ref OF 2, m/s2, whichever is lower. Electronic or mechanicalmreasures are permitted for all v¢hicle
technologieq to control vehicle operation to achieve the acceleration conditions.

The achievefl acceleration, awot test, iS then used for the calculation of the partial power factor kp (see
3.9) instead pf awot ref-

8.3.1.4 Adgceleration test

The accelerdtion test shall be carried out in all gear ratios specified for the vehicle according to 8{3.1.3
with the test speed specified in 8.3.1.2.

When the frpnt of the vehicle reaches the AA’, the acceleration control unit shall be fully engaged and
held fully engaged until the rearof the vehicle reaches BB’. The acceleration control unit shall then be
released. Pre-acceleration can bejused if acceleration is delayed beyond AA’. The location of the start of
the acceleration shall be reparted.

The vehicle $§peeds measured vap, vep, or vpp’ shall be reported to the first digit after the decimal jplace
(xx,x). The resulting velticle speeds shall be used in all subsequent calculations.

The calculated acteleration awot test Shall be reported as specified in 5.2.1 or 5.2.2, as applicable.
8.3.1.5 Constanmt-speedtest

The constant-speed test is not required for vehicles with a PMR < 25.

For vehicles with transmissions specified in 8.3.1.3.2, the constant-speed test shall be carried out
with the same gears specified for the acceleration test. For vehicles with transmissions specified in
8.3.1.3.3, the gear selector position for full automatic operation shall be used. If the gear is locked for
the acceleration test, the same gear shall be locked for the constant-speed test.

During the constant-speed test, the acceleration control unit shall be positioned to maintain a constant
speed between AA’ and BB’ as specified in 8.3.1.2.
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8.3.2 Vehicles of category M2 having a maximum authorized mass exceeding 3 500 kg, and
categories M3, N2 and N3

8.3.2.1 General conditions

The path of the centreline of the vehicle shall follow line CC’ as closely as possible throughout the entire
test, from the approach to line AA’ until the rear of the vehicle passes line BB’ (see Figure 1) or the
reference point is 5 m behind line BB’, whichever occurs first. The test shall be conducted without a
trailer or semi-trailer. If a trailer is not readily separable from the towing vehicle, it shall be ignored
when considering the crossing of line BB'. If the vehicle incorporates equipment such as a concrete
mixer, a compressor, etc., this equipment shall not be in operation during the test. The test mass of the
vehidle including the test payload shall be according to Table 3.

The yalue of ngp’ and vpp’ used in the determination of gear and vehicle speed selection|shall be the
avergge of the four ngp’, jand vgp’, j values during each valid measurement run.

The yalue of ngp’ shall be reported to a precision of 10 r/min. The reportedngp’ shall bg used in all
subs¢quent calculation.

The value of vgp’ shall be reported to the first digit after the decimal (xx/x). The reported pgp” shall be
used|in all subsequent calculation.

8.3.2l12 Target conditions

8.3.2.2.1 Vehicles of category M2 having a maximum-authorized mass exceeding 3 500 kg,
and ¢ategory N3

When the reference point passes BB’, the enging'rotational speed, ngp;, shall fulfil the target engine
rotatjonal speed, ntarget BB~ The target engine rotational speed, nearget BB’ is defined as an ipterval from
70 %|to 74 % of the speed, S.

When the reference point passes BB’, thé.vehicle speed, vgp’, shall fulfil the target vehicle §peed, viarget
BB~ The target vehicle speed, vtarget BB,AS defined as 35 km/h £ 5 km/h.

8.3.212.2 Categories M3 and N3

When the reference pointpasses BB’, the engine rotational speed, ngp, shall fulfil the target engine
rotatjonal speed, ntarget'8B- The target engine rotational speed, ntarget BB’ is defined as an ipterval from
85 %|to 89 % of the speed, S.

When the reference point passes BB’, the vehicle speed, vgp’, shall fulfil the target vehicle §peed, viarget
BB~ The targetvehicle speed, viarget BB, is defined as 35 km/h + 5 km/h.

8.3.2[3 A Gear selection

8.3.2.3.1 General

It is the responsibility of the manufacturer to determine the correct manner of testing to achieve the
required conditions.

Stable acceleration conditions shall be insured.

The vehicle transmission, gear, or gear ratio, shall be chosen to be able to fulfil the target conditions
according to 8.3.2.2. The vehicle transmission, gear, or gear ratio can be controlled by electronic or
mechanical measures including exclusion of kick-down function.

Annex D, Annex E, and Annex F give gear selection criteria and test run criteria for categories M2 having
a maximum authorized mass exceeding 3 500 kg, and for category N, M3 and N3, in a flowchart as an
aid to test operation.
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8.3.2.3.2 Manual transmission, automatic transmissions, adaptive transmissions or
transmissions with continuously variable gear ratios (CVTs) tested with locked gear ratios

The gear choice is determined by the target conditions.

The following conditions for fulfilling the target conditions in 8.3.2.2 are possible.

a)

b)

d)

f)

If one gear choice fulfils both target conditions for the rotational engine speed ntarget B’ and for the
vehicle speed viarget BB, test with that gear.

If more than one gear choice fulfils both target conditions for the rotational engine speed n target BB’

and for the vehicle speed v target BB, test in gear i that gives velocity vpp’ gear 1 closest to 35 km/h

Iftwo g
the vehi

par choices fulfil both target conditions for the rotational engine speed n target B &
Cle speed v target BB, and fulfil the following condition

(Vtarget BB’ — VBB’ gear i) = (vBp’ gear i+1 ~— Vtarget BB’)

then both gears are taken for further calculation of Lyrpan.

If one g

ear choice fulfils the target condition for the rotational engine.Speed ntarget BB’ by

the target condition for the vehicle speed viarget BB, use two gears, géary and geary. The t
conditigns for the vehicle speed for these two gears are as follows:

gear x

25 km/lh < vgp'x <30 km/h

and

geary

40 km/lp < vpp'y <45 km/h

Both gears, geary and geary shall fulfil the.target rotational engine speed n target BB’ -

Both gears shall be used for further ealculation of Lyrpan.

If only o

ne of the gears fulfils the target rotational engine speed, nearget BB’, test with that gean

gear shdll be used for further-calculation of Lyrpan.

If none ¢f the two gears fulfils the target rotational engine speed ntarget g’ under condition d)
conditian f) shall be chosen.

If no ge
vehicle
higher t

VBB’ gear

NBB’ gear

hr choice fuilfils the target rotational engine speed choose the gear that fulfils the t
pelocity\Warget BB’ and is closest to the target rotational engine speed ntarget B’ by
han Ntarget BB

i =—Vtarget BB’

d for

t not
arget

This

then

arget
t not

i < Ntarget BB’

A stable acceleration condition shall be insured. If a stable acceleration cannot be insured in a gear,
this gear shall be disregarded. In all conditions, the rated engine speed shall not be exceeded while the
reference point of the vehicle is in the measurement zone. If the rated engine speed is exceeded within
the measurement zone, this gear shall be disregarded.

8.3.2.3.3 Automatic transmission, adaptive transmissions, and transmissions with variable
gear ratio tested with non-locked gear ratios

The gear selector position for full automatic operation shall be used.
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The test can then include a gear change to alower range and a higher acceleration. A gear change to a higher
range and a lower acceleration is not allowed. In any case, a gear change to a gear ratio that is typically not
used at the specified condition as defined by the manufacturer in urban traffic shall be avoided.

Therefore, it is permitted to establish and use electronic or mechanical devices, including alternative
gear selector positions, to prevent a downshift to a gear ratio that is typically not used at the specified
test condition as defined by the manufacturer in urban traffic.

The following conditions for fulfilling the target conditions in 8.3.2.2 are possible.

a)

b)

d)

If the choice of the gear selector position fulfils both target conditions for the rotational engine

osition.

speed niarger R and for the vehicle speed viarger R, test with the gear selector in that

If the choice of the gear selector position fulfils the target condition for the rotational-
target BB’ but not the target condition for the vehicle speed vtarget BB, change the-targ
fpr the vehicle speed to two vehicle target speeds as follows:

~

IDefine vgg’1 as

5km/h < vgg1 < 35 km/h

DD

dnd

IDefine vgp'2 as

35 km/h < vpp'2 <45 km/h.

(onduct two tests, one with vgg’1 and one with vgp/Z.

Both test conditions are used for further calculation of Lyrban.

If under condition b) the target rotational engine speed ntarget g’ cannot be fulfilled,
shall be chosen.

[f the choice of the gear selector pesition cannot fulfil the target condition for the rotat
peed niarget B3’ but the target condition for the vehicle speed viarget BB, change the targ
pr the vehicle speed to two xehicle target speeds as follows:

= N

IDefine vgg’1 as

DD

5km/h <vpp1 < 30km/h
dnd
IDefine vggp\as

40 kmyh-< vgp'2 < 45 km/h.

ngine speed
et condition

condition d)

ional engine
ret condition

(onduct two tests, one with vgg’1 and one with vgg’y .

Use the test where npp’ is closest to the target rotational engine speed narget Bg’ but not higher

than Ntarget BB

NBB’i < Ntarget BB’ fori=1,2

If the vehicle cannot fulfil the condition:
NBR’i < Ntarget BB’ fori=1,2

condition e) shall be used.

© ISO 2015 - All rights reserved
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e) If the choice of the gear selector position cannot fulfil the target conditions for the rotational
engine speed ntarget Bp’ and the target condition for the vehicle speed viarget BB, change the target
condition for the vehicle speed to the following:

VBB’ = Vtarget BB’ + 5 kKm/h

Conduct the test with that vehicle speed vgp'. where ngp’ is closest to the target rotational engine
speed Ntarget BB

A gear change to a higher range and a lower acceleration is allowed after the vehicle passes line PP’.

f) If the vehicle includes a transmission design that provides only a single gear selection (D) that
limits efgine speed during the test, the vehicle shall be tested using only the target vehicle §peed

Vtarget BB’

8.3.2.3.4 Powertrains with no rotational engine speed available

Vehicles with a powertrain where no rotational engine speed is available shall fulfil only the target
condition fof the vehicle speed vtarget BB’

The following conditions for fulfilling the target condition vtarget g’ in 8.3.22 are possible.

a) Ifnorotptional engine speed is available, it is necessary to fulfil only.the target vehicle speed Vtarget
BB’

b) If no rotiational engine speed is available and the target vehigcle Speed viarget g’ cannot be fulfilled,
two test conditions shall be conducted as follows:

vgp’1 fo1] the first test condition is defined as
25 km/h < vppq1 <35 km/h
and
vgp’2 fo1] the second test condition is defined as
35 km/h <vppp <45 km/h
Both tedt conditions are used forfurther calculation of Lyrpan.

c) Ifnorotational engine speedis available and the target vehicle speed vtarget B3’ and
vgp’1 defined as
25 km/lh < vgp'1 £35 km/h

cannot e fulfilled, it is necessary to conduct, only one test with vgg'; where

vpp’2 is defined as

35 km/h < vgp'2 < 45 km/h
The test condition for vgg’2 is taken for further calculation of Lyrban

NOTE What is the interpretation of broaden the window for the target vehicle velocity? The target vehicle
velocity vtarget BB’ is defined as viarget B’ = 35 km/h = 5 km/h which results in a window for the velocity v gp’,
when the reference point passes line BB, from 30 km/h to 40 km/h If the target vehicle velocity vtarget BB’ is
changed into two target vehicle velocities, a lower and a higher one, the following is meant: The lower target
vehicle velocity is defined as the target vehicle velocity viarget g’ reduced by 5 km/h (vtarget BB’ - 5 km/h) which
results in a window for the velocity v g’ 1, when the reference point passes line BB’, from 25 km/h to 35 km/h

25 km/h < vgg < 35 km/h

24 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

ISO 362-1:2015(E)

The higher target vehicle velocity is defined as the target vehicle velocity viarget g’ increased by 5 km/h (viarget
BB’ + 5 km/h) which results in a window for the velocity v g’ 2, when the reference point passes line BB’, from
35 km/h to 45 km/h

35km/h <vpp'2 <45 km/h

8.3.2.4 Wide-open-throttle test

When the reference point of the vehicle reaches AA’, the acceleration control unit shall be fully engaged
and held fully engaged until the reference point reaches BB’ + 5 m. The acceleration control unit can
then be released on request of the manufacturer.

8.4 | Measurement readings and reported values
8.4.1 General

8.4.111 Measurement conditions and acceptance

At least four measurements for all test conditions shall be made on+each side of the vehicle and for
each [gear ratio.

The flirst four jth 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 calctdation of the appropriate int¢rmediate or
final result.

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

The maximum recorded A-weighted sound pressure level shall be noted, to the first significant digit
after|the decimal place (e.g. xx,x), during each-passage of the vehicle between AA’ and BB’ (dee Figure 1).
Thesg values shall be used in all subsequent calculations. If a sound peak obviously out [of character
with [the general sound pressure levelissobserved, that measurement shall be discarded.

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

The maximum recorded-A-weighted sound pressure level shall be noted, to the first significant digit
after|the decimal place (e7g. xx,x), during each passage of the reference point of the vehicle petween AA’
and BB’ + 5 m (see £igure 1). These values shall be used in all subsequent calculations. If § sound peak
obviqusly out of ¢haracter with the general sound pressure level is observed, that measurement shall
be difcarded.

8.4.2 Data compilation

For agivernr testcomdition, the Tesutts of eachr side of the vehicte strattbeaveraged separately. The
intermediate result for each side shall be the average mathematically rounded to the first decimal place.

All further calculations to derive Lyrpan shall be done separately for the left and right vehicle side. The
final value to be reported as the test result shall be the higher value of the two sides. The final result
shall be reported mathematically rounded to the nearest integer.

NOTE1 Calculations are carried out independently on the left and right side of the vehicle to provide data
consistent with vehicle noise emission behaviour.

NOTE 2  Reporting results with one integer do not imply that the measurement is accurate to this precision.
See 8.5 for full treatment.
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8.4.3 Vehicles of categories M1 and M2 having a maximum authorized mass not exceeding
3 500 kg and category N1

8.4.3.1 Acceleration

The acceleration for further use is the average acceleration of the four runs, as given by Formula (24):

Aot test = (1 / 4) x |:awot test(l) + awot test(Z) + awot test(3) + awot test(4) j| (24)

where the numbers in round brackets symbolize the test runs .

8.4.3.2 Rdported value and final results

Calculate th¢ reported value Lot rep for the wide-open-throttle test using Formula (25):
Lot rep |~ Lwot(i+1) + k[l‘wot i _Lwot(i+1)} (25)

where k is the gear ratio weighting factor.

Calculate th¢ reported value Lers rep for the constant speed test using Formula (26)
Lcrsrep :Lcrs(i+1) +k|:LCFSi _Lcrs(i+1)} (26)

In the case Ia single gear ratio test, the reported values are:directly derived from the test result tself.

The formulag used to determine the partial power factorykp, are as follows:

a) In cases|other than a single gear test, kp is calcufated by Formula (27):
kp =1—(/@urban /awotref) (27)
b) If only one gear is specified for the test, kp is given by Formula (28):

kp =1-([@urban /awottest) (28)

c) In cases|where ayot testiSTess than ayrbhan

k=0 (29)

The final result iS>ealculated by combining Formula (25) for Lyot rep and Formula (26) for Lers fep as
given by Formula (30):

L L (30)

urban = “wotrep ~ kp (Lwot rep Lcrs rep )

The final result, Lyrban, is mathematically rounded to the nearest integer. This value is reported as the
final result.

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

When the result of one test condition is used, the final result, Lyrban, is the maximum value as
specified in 8.4.2.
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When the result of two test conditions are used, the arithmetic mean of the two averages for each side
of these two conditions shall be calculated. The final result, Lyrban, is the maximum value of the two

calculated averages.

The final result, Lyrban, is mathematically rounded to the nearest integer. This value is rep
final result.

8.5 Measurement uncertainty

The measurement procedure described in 8.4 is affected by several parameters (e.g.

orted as the

ISO 10844

surface texture variation, environmental conditions, measurement system uncertainty, etc.) that
lead fo variation 1n the resulting level observed for the same subject. The source and nagure of these
perturbations are not completely known and sometimes affect the end result in a mot}-predictable
way. [The uncertainty of results obtained from measurements according to this parb of [SO 362 can
be eyaluated by the procedure given in ISO/IEC Guide 98-3 or by interlaboratory comparisons in
accoridance with ISO 5725 (all parts). Since extensive inter- and intra-laboratorydata were ot available,

this
tolerances stated in this part of ISO 362, and engineering judgement. THejiincertainties de
grouped as follows:

a) variations expected within the same test laboratory and slight variations in ambier]
fpund within a single test series (run-to-run);

b) variations expected within the same test laboratory:but with variation in ambient co
gquipment properties that can normally be expected,during the year (day-to-day);

c) Variations between test laboratories where, apart from ambient conditions, equipme
road surface conditions are also different (sife-to-site).

the procedure given in ISO/IEC Guide 98-3 was followed to estimate the uncertainty asspciated with
};I)art of ISO 362. The uncertainties given below are based on existing,statistical datg, analysis of

ermined are

t conditions

nditions and

ht, staff, and

If reforted, the expanded uncertainty togethér with the corresponding coverage factor for the stated

covelfage probability of 80 % as definedtin ISO/IEC Guide 98-3 shall be given. Inform
deterjmination of the expanded uncergainty is given in Annex B.

NOTE Annex B gives a framewofk for analysis in accordance with ISO/IEC Guide 98-3, which d
condyct future research on measurement uncertainty for this part of ISO 362.

Thesg data are given in Table 4 for two different vehicle categories. The variability is given f
probability of 80 %. TheZdata express the variability of results for a certain measurement g
not cpver product variation.

htion on the

an be used to

racoverage
bject and do

Table 4= Variability of measurement results for a coverage probability of 80 %
Run-to- . .
Vehicle category run Day-to-day) Site-to-site
dB dB
dB

M1, M2 having a maximum authorized mass not exceeding 3 500 kg and 0,5 0,9 1,4
N1
M2 having a maximum authorized mass exceeding 3 500 kg and N2, M3, 0,5 0,9 1,4
N3

Until more specific knowledge is available, the data for site-to-site variability can be used in test reports

to state the expanded measurement uncertainty for a coverage probability of 80 %.

9 Testreport
The test report shall include the following information:

a) areference to this part of ISO 362 (i.e. ISO 362-1);

© ISO 2015 - All rights reserved
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b) the details of the test site, site orientation, and weather conditions including wind speed and air
temperature, wind direction, barometric pressure and humidity;

c) the type of measuring equipment, including the windscreen;
d) the maximum A-weighted sound pressure level typical of the background noise;

e) theidentification of the vehicle, its engine, its transmission system, including available transmission
ratios, size and type of tyres, tyre pressure, tyre production type, power, test mass, power-to-mass
ratio, vehicle length, and location of the reference point;

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

g) thelocation of the beginning of the acceleration;

h) the Vethcle speed (vpp’, vgp’) and engine rotational speed (ngp’, npp’) at PP’ and at thelend of the
acceleration;

i) the method used for calculation of the acceleration;
j) the auxiliary equipment of the vehicle, where appropriate, and its operatirig'conditions;

k) all valid[A-weighted sound pressure level values measured for each test;listed according to the side
of the vehicle and the direction of the vehicle movement on the testsjte.
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Annex A
(informative)

Technical background for development of vehicle noise test
procedure based on in-use operation in urban conditions

A.1 | General

A.1.1 Explanation of technical background

This pnnex gives general technical background relating to the urban noise situation and the approach
chosgn to measure the noise contribution of a single vehicle in the overall Usban noise sifuation. This
annex is intended to provide information to evaluate the concepts used to.guide the development of the
procedures defined in this part of ISO 362. In support of the goal of providing background infofmation, this
annex uses examples drawn from the actual in-use studies but does net'present the full in-usg databases.

As vehicle noise emission is subject to regulation, an exterior noise measurement piocedure for
vehidles is used to evaluate the noise emission of the measured vehicle in typical urban traffic. The test
procedures defined in this part of [SO 362 provide a measure,of the noise emission of different vehicles in
typicpl urban use. The noise emission so measured assumes a road surface with similar chhracteristics
as defined in ISO 10844. ISO 10844 is representative:of well-constructed and maintained psphalt road
surfaces with small aggregate sizes. Reference [6]shas shown the ISO 10844 surface to fa]l within the
rang¢ of actual road surfaces in both the United.States and Europe. Road surfaces that ar¢ specifically
designed to be “silent” provided lower noise emission than the ISO 10844 surface. As p result, the
procg¢dures described in this part of ISO 362:Tepresent a measure of the vehicle noise emission that is
contrjollable by the vehicle manufacturer.;0ther contributors to the traffic noise situatior] are outside
the cpntrol of vehicle manufacturers. These items include road surfaces, traffic regulations,|aftermarket
part fontrol, in-use noise emission monitoring, and effective enforcement mechanisms.

A.1.2 Why a new procedure is necessary

The present procedure which supports regulation in all global markets is specified in ISO 362:1998. The
meagurement is performed on a specified test surface (see ISO 10844). The vehicle drives with wide-
opentthrottle, in second and/or third gear. The entry speed 10 m prior to the microphonle position is
50 kin/h. The resulting sound pressure level is the result of the single gear test for 2nd or 3rd gear only
and the average'of the measured sound pressure levels for the 2nd and 3rd gear test. With| the support
of this procedure, the regulated limit has been strongly reduced in most countries (from 82 dB to 74 dB
in 20|years’by ECE). However, the noise reduction observed in front of buildings measured in the same
trafficconditions and during the same period has been weak.

A significant reason is the poor simulation of typical urban vehicle noise performed by the procedure
(wide-open throttle, second and third gear). Many current regulatory implementations of ISO 362:1998
further impact the poor correlation between real traffic and the reported regulatory results by allowing
the use of minimum tread depth tyres. A further reason for the poor simulation of typical urban vehicle
noise is the technical development of vehicle engine technology and transmission technology that
causes some of the original technical assumptions behind ISO 362:1998 to no longer be valid.

The result of these conditions is that ISO 362:1998, as implemented in regulations, measures vehicle
noise in a condition dominated by powertrain noise. Since this condition is only rarely observed in
urban traffic and tyre/road noise has been deliberately suppressed, the reported regulated levels do
not provide a good measure of typical vehicle noise in urban traffic. Therefore, a new procedure that
enables improved measurement of the actual level of noise due to vehicle emission in urban traffic and
accounts for the technical developments in vehicle propulsion and transmission technology is a positive

© IS0 2015 - All rights reserved 29


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

ISO 362-1:2015(E)

development for both directing government policy actions and for indicating to vehicle manufacturers
an improved metric for optimizing the reduction of vehicle noise emission.

A.1.3 The contribution of an individual vehicle to overall traffic noise

Reference [9] showed that noise is an important concern for people living in large cities. The noise
they endure is due to different sources: neighbours, city noises (street sweepers, sirens, etc.), aircraft,
railways, and road traffic. The noise of these different sources can be subject to regulations with the
goal of controlling the maximum noise in front of buildings.

The noise in front of buildings due to road traffic noise depends on different factors:

a)
b)
‘)
d)

the way|
the actyl
the road

the sour
insulati

the behd

speed li

cities are built (primarily the distance between living houses and roads);
al traffic on the roads (number of vehicles);
surface as a contributing factor to tyre/road noise;

d path (noise transmission) control between the source and receiver{noise barriers, g
n, etc.);

iviour of drivers, which depends on

mits (traffic laws),

traffic density,

road art

driving

angement (traffic lights, corners, etc.),

purpose (commuting, pleasure, commercial, etc.),

enforcement of traffic laws, and

the way|

A vehicle ng
actual driving conditions into account. Because there are many different driving conditions, the c
of a “represe

the vehicle behaves as an acoustical-source under these conditions.

ise measurement procedure intended to describe the actual behaviour should tak]

ntative” driving condition is'difficult.

A.1.4 Information from previous traffic noise studies

Actual drivi
conditions o

Under what

A response {

30

ng conditions danot all have the same influence on road traffic noise. As an example,
ccur on countryroads, where nobody is annoyed by the noise.

ronditions)is road traffic noise the most disturbing for dwellers?

o0 thisqquestion has been given by a study[19] (see Table A.1).

ound

e the
hoice

some
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Table A.1 — Where are dwellers disturbed by vehicle traffic noise emission?

Annoyed Road Annoyed Road

Street-type Vallowed People Length People Length

inkm/h in m in % in %
Motorway 80-120 1145 11 250 2,0 6,9
Residential streets 30 13 501 27 060 23,1 16,6
Main streets 50 42 704 109 233 73,0 67,1
Main streets 60 583 2130 1,0 1,3
Arterials 70 139 3390 0,2 . (~ 21
Arterials 80 407 4500 0,7 AQ + 2,8
Arterials 100 21 5300 0 ()\ 3,3
Total number of inhabitants 220000 58500 162 863 dﬁb% 100 %

100 % 26,6 % 'S

Perc¢ntage of Various Road Catagories in Terms of Network Length and Nm\ ected Residents in a Medi-
um-Sjized City (FIGE Study from Dec. 98)
+3 %|of all people feel annoyed from noise emission during high accele@tl n.

NOTH Table A.1 and all other figures in this Annex are dir CQ/ copied from the literature;
notatjons of quantities and units do not always follow the use l{\éns part of ISO 362.

Inquiries among dwellers along various streets showQ@t noise disturbance happens main|

Q
¥

— 3dlong urban main streets, and

— during vehicle acceleration transients.

speed is 50 km/h) as shown in Figur ased on research from Reference [9].

16% , @
Q}

14%

urban main streets,
speed limit = 50 km/h, |
a>0mfs?

E
3
S

stance weighting)

1
s

@»
2

herefore, the
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The rean traffic speed is 50 km/h on‘th\tse main streets (for the roads on which maxinjum allowed
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I
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Figure A.1 — Measured vehicle speed in urban traffic and on the main roads

Based on these statistics, it was decided to perform the test at 50 km/h, in conditions representing the

noisiest realistic case on main streets.
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A.2 Concepts used in developing the new procedure for categories M1 and M2
having a maximum authorized mass not exceeding 3 500 kg and category N1

A.2.1 General

The first and main task of developing the new procedure was to describe the driving behaviour in urban
traffic. Once this task was achieved, a new procedure was defined, which is a compromise between
requirements.

Measure the 90th percentile noise emission in typical urban driving (representative and
reproducible).

The test shall specify performance requirements only (no design-specific requirements).

The test{shall be applicable to all types of vehicles (technology neutral).

The test|shall be easy to run, consistent with the above requirements (practical)

A.2.2 Technical concepts for in-use vehicle measurement of urban driving behaviou

=

A.2.2.1 General

A2.2.1.1 T

he vehicle noise depends mainly on three vehicle paraméters:

vehicle §peed;

vehicle 4

engine 1f

A2.2.1.2 T

Two of the three parameters, vehicle speed and-vehicle acceleration, describes driving behavioul

vehicle para
the traffic en

The third c

driver, or the transmission computer in the case of automatic transmissions, in order to ac

vehicle acce
independent

vehicle 4

vehicle 4

A2.2.1.3 1

icceleration (engine load);

otational speed (for internal combustion engines only).

yre/road noise is incorporated by its.dependence on vehicle speed and vehicle acceler

meters depend on the driver’s comimands (input), but also on the vehicle performanc
vironment.

ndition, engine rotatignal speed, is an additional parameter which is managed b

eration and vehiclespeed. Thus, it is necessary that the urban traffic study identifig
parameters of

peed, and

icceleration.

h©nder to obtain this information, a study of the actual urban driving has been perfot

htion.
. The
b and

y the
hieve
s the

med,

including thefoltowing:

a)
b)
‘)
d)
e)
)

recording of vehicles in urban traffic;

extraction of acceleration phases;

identification of the highest acceleration (noisiest condition) as a function of vehicle speed;
identification of the highest acceleration (noisiest condition) at 50 km/h;

identification of the corresponding engine rotational speed;

for all vehicles, the urban behaviour is assumed to depend mainly on the vehicle performances,

which can be described by the power-to-mass ratio (PMR). A regression analysis is, thus, performed
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between the PMR and the highest urban acceleration, and the corresponding engine rotational
speed is recorded.

For manual transmission cars, the engine rotational speed is used by the driver to keep an “acceleration
reserve”, i.e. a ratio between achieved and possible accelerations. Because the engine rotational speed
is a “technological” or “design” parameter, it was decided to replace it by the acceleration ability, i.e.
wide-open-throttle acceleration in urban driving conditions, awoet. This way of describing the driver
behaviour is, thus, applicable to very different kinds of engines (gasoline, diesel, wankel, hybrid, etc.).

An additional sample of vehicles was studied, and the correlation between a,t and the PMR has been
found. Since this information is required only to describe the way the driver manages the available

para

The

=

Auto
in-us

trang

A.2.2

In or

recor

19 to
to 38

2 CV]

The ¥
the d
diffe

ther
movi
drivi
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eter is controlled by the automatism.
est procedure is then defined so as to reproduce the noisiest realistic urban driving c
0 km/h;
rban acceleration;
br manual transmission cars: engine rotational speed conditions endbling awot.

matic transmission vehicles are covered as a subset of manual transmission vehicl

mission vehicles.

.2 Recording vehicle behaviour

Her to collect data about real urban use, 61 vehicles were driven in cities and their be
ded. This list includes European and Japanese vehicles of all types (M1, N1, N2, and
hs). The power ranged from 40 kW to 440 kW, whereas the power-to-mass ratio rang
{0. The ratio between manual transmissions (52 manual transmission) and automatics|
[) approximately represents the Eutopean market.

hehicles were driven in eight different cities in Europe and Japan. The route select
riving parameters (see Figure A.2) is representative of the different types of road
ent speed limits. The distance travelled on each type of roadway is proportional to th
badway length and the traffic, which guarantees the same probability of occurrence
hg observer beside-the road. During the recording, the driver was required to mair
hg behaviour in the.traffic. Recording time was about 2 h of driving,.

e behaviour, automatic transmissions provide noise emissions equal to or lower t

ehicles, this

bnditions:

es. In actual
han manual

haviour was
ne N3 up to
bd from 12,7
(9 including

pd to record
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e product of
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Figure A.2 — Time history of driving parameters

A.2.2.3 Identification of time events

First, the acgeleration during driving was determined from the,driving studies. To provide a figure for
evaluation, the average value of the acceleration over a 2 s moving period was calculated. The maximum
value for each 2 s acceleration phase was extracted (maximuh acceleration apax), together with the vé¢hicle
speed at whikch it occurred (v4 max)- This was carried outdccording to the method shown in Figure A|3.

VEHICLE OPERATION YWRBAN DRIVING CONDITIONS
FIME HISTORY
(1 vehicle - 1 gear - 1 acceleration phase)

© 5

g &

7] L

2 8

= =

£

g @
= Per acceleration phase,
= considered parameters |
Az -

§ * T":rAm
\s
——————  Time g
25

Figure A.3 — Maximum acceleration definition

Each acceleration peak amax was stored together with the speed v; max and the gear ratio as a single event.
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A.2.3 Statistical analysis of in-use data

A.2.3.1 One-dimensional analysis for a single vehicle

ISO 362-1:2015(E)

The maximum acceleration amax and the vehicle speed v3 max at which this maximum acceleration
occurs, as shown in Figure A.3, are represented as a histogram and as a cumulative probability function
for each gear. See Figure A.4 for peak acceleration and Figure A.5 for vehicle speed.

For each gear ratio and for all roads, the 90th percentile of peak acceleration amax 90 at the most probable
speed (50th percentile) v, max 50 and the 90th percentile of peak acceleration amax 90 at the maximum
speed (90th percentile) v, max 90 are considered.
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Figure A.5 — Histograms and cumulative probability functions of vehicle speed at
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This analysis, as shown above for one vehicle, has been done for each vehicle in the test.

A.2.3.2 Two-dimensional analysis

The results have also been combined in a two-dimensional diagram showing the density of probability
of the individual events amax and v4 max (see Figure A.6). This figure shows the probability density for
each gear ratio and for all gear ratios together.

JULY 04 2000, TWO DIMENSIONAL PROBABILITY DENSITY Vs coreak © ACFE)\K

VEHIC. 2 ROAD ALL GEAR 1 VALUES 109 VEHIC. 2 ROAD ALL GEAR 2 VALUES 277
6 6 s
o 8 o
w
g, S0 4
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g g ’
4
i i .
2 o 1
0
0 50 100 150 100 150
VEHIC. 2 ROAD ALL GEAR 3 VALUES 259 VEHIC. 2 ROAD ALL GEAR 4 VALUES 92
6 6
5 B
J: %
=4 4 54 1 6
g . g
4
2 1 RS - . ’
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Figure A.6 — Two-dimensional probability density (amax, V4 max) for each gear for vehiclg
number 2

Looking at this diagram, one can see theamaximum value of the acceleration for each gear ratio. The last
graph of all the gears and all the values shows that the maximum acceleration depends on the v¢hicle
speed, with pcceleration decreasing\with increasing vehicle speed.

It is possible to place in the last’graph the points [amax90, Va max 50] corresponding to each gear|ratio
using valueq from Figures A and A.5. This has been done in Figure A.7, which includes a schematic
representation of FigureA.6/ The points [amax 90, Va max 90] are also drawn for each gear ratio.
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Figure A.7 — Interpolation at 50%km/h

furve passing through the points [amax 90, Va max 50] corresponding to each gear r4
ate of the typical in-use limit of vehicle acceleration as a function of vehicle sp¢
 curve is still below the maximum value observed for the acceleration in traffic. To
bration curve representing a maximum, onevcan also consider the curve passing
S [@max 90, Va max 90]- This curve is entirely.@bove the maximum acceleration. Thus, th
newhere between the two curves.

polating the two curves at 50 km/hcemrables one to estimate the 90th percentile of the

percentile of the velocity at 50-km/h. The limit value of the acceleration at 50 km/h i
een these two points.

| Maximum acceleration and engine speed at 50 km/h

ach gear ratio, the.vehicle speed corresponds to an engine rotational speed n. To be

50 km/h.

vay thissinterpolation is performed is described in Figure A.8, where

tio gives an
ed. But this
estimate an
through the
e limit value

acceleration
htion for the
somewhere

independent

ed engine rotational speed S, all engine speeds are expressed as a ratio between engine rotational

e can obtain

ce€lerations come from Figure A.4,

— S

peeds come from Figure A.5 (50th percentile or 90th percentile), and

— engine rotational speeds are derived using gear ratios.

Figure A.8 uses the same scales as Figure A.7, vehicle speed and acceleration on the right scale, and

adds
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engine rotational speed on the left scale.
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it is not yet known how to describe precisely the nojsiest behaviour in urban traffic.

eleration as a function of engine speed

the detailed results in Figure A.8, it canbe seen that the engine speed is geng
of the gear ratio at amax 90. Of course, thevehicle speeds are different for each gear :
ition. This observation leads to the idea that it is possible to “merge” the results of al
er to get an “average behaviour” at 50-km/h. This is carried out as follows:

celerations are “compressed” using the ratio (amax 90,50 km/h)/(admax90, Va max), one
gear;

peeds are calculated using v, max and the corresponding gear ratio.

lation gives the accelération that would have occurred at the same engine speed
d had been 50 kii/h. This leads to the two-dimensional diagram of Figure A.9. The no|
urban traffic'ean be found from this diagram.

A.8 — Interpolation (amax 90 = f(v), n/S(amax)) between geats, for vehicle number 2

erally
it the
gear

ratio

f the
isiest

38

© ISO 2015 - All rights re

served


https://standardsiso.com/api/?name=f8ec2e24d1e64bf5e012e4ca2b688caa

A.2.6

In or
beha

the 1

soun

Since
vehid
The 1

The

point
allow
meas

From

ISO 362-1:2015(E)

TWO DIMENSIONAL PROBABILITY DENSITY

WEHIC, 8 ROAD ALL GEAR ALL VALUES TG4
100 T T T

a0l

Bl

=
=)

8

8

PEAK ACCEL 100% = 3 W32

10r

L]

1 L L 1 L
50 &0 7o &0 0
NS %

&4 /=] ) o[ Y ) Y Y P Y ) mﬁ

L L L
10 2 40 100

Figure A.9 — Bi-dimensional density of probability'e = f(n/S) at 50 km/h

b Noise behaviour on a test track

l pressure level.

le is required. This value is measuréd on a test track at different speeds and with al
esults are presented in Figure A(10:

. Different starting speeds lead to different vehicle speeds at the measurement
s drawing a curve of the“acceleration at the measurement point as a function of the
urement point.

these curves,thé 50 km/h value is extracted and is used to calculate the partia

definled by the quotient a; /awot ;.
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only the acceleration is known, the acceleration ability (wide-open-throttle accelera

Her to study the partial load vehicle noise, it is ne€essary to make the assumption that the noise
Ves in a linear way, atleast as a function of the engine load and engine speed. Under this
oise is interpolated between a wide-open:throttle sound pressure level and a conpstant-speed

assumption,

kion) of each
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Figure A.10 — Wide-open-throttle vehicle acceleration (awot) = f(v)
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The level of noise is also measured on an ISO 10844 test track. The measurement is presented as a
function of the vehicle speed in front of the microphone, of the gear, and of the engine load by using
constant speed and wide-open-throttle. A typical result is presented in Figure A.11.

8
o ndCST
4 JdCST
X 4hCsT
o IndWOT
& dWOT
o 4nWwor

= Folynomial (2nd WOT)

0l = Folynomial (3rd WOT)
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P §=3500trmn
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3ot 1931
55 4t B3 .
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VPP Kinh
Vehicle noise emission level cartography , | = f (v, kp)

Figure A.[l11 — Vehicle noise emission levels as a function of gear, throttle, and vehicle speed

From the graph of Figure A.11, vehicle accelerations and thedevel of noise at 50 km/h are determined
in each gear This information can be used to find the iseinoise curve, using a bi-linear interpolation
between the full-load and constant-speed measurement§’as shown in Figure A.12. This iso-noise ¢urve
can be appraximated by a straight line, defined by theslope at the intersection between the wide-ppen-
throttle test{sound pressure level and the cruise-test-Sound pressure level.

* Acceleration
LW'OL i
:
l
:
l
l
Luwot, i+1 i
: iso-noise i
a i
a <
s a
' l
‘ l
Lest, i+1 I Lest i Lest, i N/S .

Figure A.12 — Constant-noise curve

This straight line is placed in Figure A9 and moved parallel until 90 % of the acceleration events
are below the line as shown in Figure A.13. All driving events below this line are less noisy and this
position of the line defines the 90th percentile of the level of noise. The intersection of the tangent to
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the constant-noise line with 90th percentile acceleration gives the engine speed at the 90th percentile of
noise emission.
NOTE Iso-noise as used in Figure A.12 is equivalent to “constant noise”.
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Figure A.13 — Definition of (n/S)190,490 at 50 km/h

The point n/S at the 90th percentile.of noise and 90th percentile of acceleration gives the “noisiest” case
undef the “highest” acceleration)and was retained as the noisiest realistic urban case. Thig calculation
was performed on each vehicle tested to develop a database of vehicle performance during urban driving.

A.2.7 Average behaviour during urban driving

Results from 52¢vehicles with manual gearbox were analysed according to the above described
proce¢dure. The ‘ninhe additional vehicles with automatic gearbox were analysed separately. For these
vehidles, thex90th percentile peak acceleration at 50 km/h and the corresponding engirje rotational
speed n/Sthave been correlated to the power-to-mass ratio (PMR). A logarithmic regressjon has been
perfgrmied for 12 < (PMR) < 400 and is shown in Figures A.14 and A.15.
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Vehicle Class M1,N1,N2,N3 : (A,.x)La0 (90th percentile of maximum acceleration)
(automatic and mechanical transmission vehicles)

® (Amax)90,N/SL90 (52 vehicles) Mechanical
® (Amax)90,N/SL90 (9 vehicles) Auto
35 | = Logarithmique ((Amax)90,N/SL90 (9 vehicles) Auto)
' — |_ogarithmique ((Amax)90,N/SL90 (52 vehicles) Mechanical)

3
- 25
a 2
[
E
8 2 -
. ? Q

L ]
<5 ¢ ~
(
1 )
y = 0,63Log(P/M) - 0,09
0.5 R*=0,50 o\
y = 0,77Log(PIM) - 0,49
R® = 0,69
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Figure A.14 — Regression curve ayrpan = f(/pMRr) for 52 vehicles

Vehicle Class M1,N1,N2,N3 : (N/S_go)amaxypresokmm» €Ngine speed for max acceleration,
(automatic and mechanical transmission vehicles)

1
e Bh#SLH0 15.09.2003 Status (52 vehicles) Mechanical

D9 ® \N/SL90 15.09.2003 Status (9 vehicles) Auto

.8 -

P.7 1

D6 -
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b2 AN R?= 0,54 y= 1,85)('“'32
! R?=0,69

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
P/M (kWIT)

Figure A.15 — Engine speed at maximum acceleration and 50 km/h — Regression curve (n/S
at 90th percentile sound pressure level, 90th percentile acceleration level, and 50 km/h) as a
function of the power-to-mass ratio (PMR) for 52 vehicles

Examining these figures, it can be concluded that

— the urban traffic behaviour described by peak acceleration and engine rotational speed is well
correlated with the power-to-mass ratio (PMR),
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— the peak acceleration in urban traffic increases with the PMR, and

— the engine rotational speed at which this peak acceleration takes place decreases with
it is weakly dependent on the vehicle speed (for 30 km/h <v < 60 km/h).

-1:2015(E)

the PMR and

These conclusions are consistent with intuitive expectations of vehicle behaviour in real traffic. A driver
uses the acceleration capability of the vehicle to maintain position in the traffic flow. The percentage of
the vehicle’s acceleration capability used is higher for lower power-to-mass ratio vehicles and lower

for higher power-to-mass ratio vehicles. The corollary result is that lower power vehicle

s use higher

engine rotational speeds, and higher power vehicles use lower engine rotational speeds. The results
for automatic transmission vehicles show that urban acceleration and engine rotational speeds are

less. Thesewvehicleshave not beenincludedinthe sta alcw asthe manue
definle the worst case (highest) sound pressure levels.

A.2.8 Wide-open-throttle acceleration

A.2.8.1 Individual vehicle analysis

For
is sel

anual transmission vehicles, the engine speed is not known. It depends on the gear
cted by the driver. A typical driver tries to keep an acceleration-tfeserve which dey

ssion results

ratio, which
ends on the

availgpble power (PMR) of the car. The acceleration capability undeptypical urban driving conditions

must|be determined.

On a test track complying with ISO 10844, measurements were performed with wide-open
on a ¢listance of (20 m + vehicle length) for each gear i.

The values ayot ; as a function of vehicle velocity were‘recorded and are shown in Figure A
From these curves, the 50 km/h value was obtairned.

The interpolation factor, k,, between gears:i@nd (i + 1) was then calculated, using the stat
of (n/S)q90 as given by Formula (A.1):

_ (n/S)a00 —(n/S)i11)
§ (n/S)i_(n/S)[Hl)

Finally, the wide-open-throttle acceleration at 50 km/h with the corresponding non-
engine rotational speed af the 90th percentile of noise was calculated by Formula (A.2):

Aot 50 = Awot (i+1)+Bn [(@wot i —Awot (i+1)]

as shpwn in Figufe A.16.

throttle and

10.

istical value

(A1)

dimensional

(A.2)
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A.2.8.2 Ytatistical analysis of wide-open-{\@%ttle acceleration

The measur

the initial infuse driving behaviour stu

Awot 50 poin{s

O

Figure A.16 — Determination of wide-&;@n-throttle acceleration ayot 50

ements were performed for 127 Vehicles. These were different from the vehicles usdd for

. The logarithmic regression through the individual v¢hicle

as a function of the p&)@—to—mass ratio gives awot ref and is represented in Figurd A.17
for 20 < PMR < 220. \
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Vehicle Class M1,N1,N2,N3 : Wide Open Throttle Acceleration ANMOTyppsaimih
calculated using Noise Test Track Data (mechanical transmission)

& AWOTVPPS0 15.09.2003 127 vehicles calculated with NSLA0
= Logarithimique (AWOTVPPS0 15.09.2003 127 vehicles calculaled with N'SLS0)
2,9+ i i i i i I — *

15

Awor (m.s-2)

05

0 20 40 60 a0 100 120 140 160 180 200 220 20 260
PN KWIT)

Wide Open Throttle Acceleration (V=50km/h)
Regression curve Aqr = f(P/M) (127 vehicles)

Figure A.17 — Regression curve of at rer as a function of the power-to-mass ratio (for
127 vehicles)

The yide-open-throttlé.acceleration, awot ref, at the same peak acceleration engine rotafional speed,
(n/S)loo, which was measured in urban traffic, increases with the power-to-mass ratjo. Also, the
widetopen-throttle-acceleration, awot ref, at the same engine rotational speed as the yrban traffic
peak]acceleration (n/S)r90 is almost always greater than the urban traffic peak accelerafion, i.e. awot
ref > @Imax 90x
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A.2.9 Partial power factor, kp

A parameter (1 - kp) is defined as the ratio of the vehicle urban traffic peak acceleration amax 90 to the
vehicle wide-open-throttle acceleration awot ref at the same engine rotational speed (n/S) 190, as given by
Formula (A.3) and at the same vehicle speed, as given by Formula (A.4) for a vehicle velocity of 50 km/h:

1-kp = 9max 90 fo vehicle velocities at (n/S) 10 (A.3)

Aot ref

If vehicle velocities are 50 km/h

1-k,, = {90 (A4)
@ wot ref

with amax 9p measured at 50 km/h and awet measured at 50 km/h and a non-dimensional engine
speed equal|to 90th percentile noise emission. With this definition, (1 - kp) can be interpreted ds the
acceleration|reserve that the driver maintains above the maximum acceleration usedin“urban traffic.

Vehicle Class M1,N1,N2,N3 : Kp torque factor calculated with Agipar'and Aot
(mechanical transmission)

3 : & 08
P/M <= 26kWIT | 1 P/M > 25kW/T '
I
25 ) N
[ | v
» | 08
E , y = 1,58l0gio(PM) - 1,41
- I
: I :
<15 ! a - i 04 2
- | . [y = 083og,lPM) 009
< 1 0L L 'n @ |
_'-: : ®  Kp Slatus 15.09.2003, AWOT calculated with NWSLI0 [ o2
-;.'. 05 L g N\ | aggarithmigue (AWOT 15.08 2003 127 vehicles calulated with WSLI0)
: s | arithimigue {Aurban 15.08.2008 Status (52 vehicles ;1 to &7))
0 é - : - - - - - L00
n 4 8D s 100 120 140 160 180 200 20 240 260

PIM (KWT)

Wide Open Throttle Acceleration Ayt
Maximum acceleration in urban driving conditions A .,
L oad factor Kp =1 - (Apan / Awor)  (Kp = 0 if Wide Open Thrcuttﬁe)

Figure A.18 — kp factor

A.2.10 New method for measuring 90th percentile level of noise

The analysis of vehicle in-use driving behaviour and vehicle noise emission behaviour leads to the
following procedure to measure a condition representing the noisiest realistic urban traffic condition
using the following parameters:

— vehicle speed of 50 km/h;

— vehicle at peak acceleration, awot ref;
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— partially open throttle (partial power factor).

This measurement is implemented as follows:

— The measurement is performed on the same test track complying with ISO 10844;

— For all measurements, the vehicle speed is measured in front of the microphones at PP’;

— The vehicle acceleration is the average acceleration value between AA’ and BB’ according according
to Formula (A.5):

eoe =l (Vi /3.6)2 = (v ae /3.6)2 | 2l 4 1) (A.5)
vottest— VBB J —WVan P 20-lret
wherje
Gwot test, j is the numerical value of the acceleration, expressed in metres per seconfd squared;
VBB’ VAA' are the numerical values of the velocity, expressed in kilomeétres per houlr;
o, Iref are the numerical values of the length, expressed in nietres.

A.2.11 Vehicle noise emission for partial throttle

The yehicle noise emission Lyrpan for partial power is simulated by the combination of the following
two test results using the hypothesis that for one vehicle speed and one engine rotational speed, the
vehidle sound pressure level is proportional to the engine torque:

— the wide-open-throttle test in which the vehicle dcceleration reaches the awot ref accdleration and
gmits the measured level of noise Lyot rep;

— the constant-speed test (50 km/h) withthe vehicle emitting the measured level of noige Lcrs rep-

The flinal result is given by the weighted.average of these two results as given by Formula (A.6):

Lwot rep kp (Lwot rep.\ Lcrs rep ) (A.6)

I~

urban ~

A.2.12 Choice of the i and.(i + 1) gears

The wide-open-throttle acceleration awot ref is simulated by the combination of thq awet ; and
awot [i + 1) accelerdtions corresponding to the two i and (i + 1) gears for the conditi¢ns given in
Formfulae (A.7) and-(A.8):

Q

wot(i+1Y SAywotref <Awot i (A.7)

and

k z[awotref _awot(i+1)J/[awot i _awot(i+1):| (A.8)
where k is defined as the interpolation factor between the i and (i + 1) gears.

A.2.13 Wide-open-throttle noise and constant-speed noise

The wide-open-throttle level of noise Lwot rep Or constant-speed level of noise L¢rs rep of a vehicle is
a combination of the measured level of noise for the i and (i + 1) gears at wide-open throttle and at
constant speed, using the hypothesis that noise is proportional to engine speed if vehicle speed and
engine load are constant as given by Formula (A.9) and (A.10).

Lot rep = Lwot(i+1) + k[l‘wot i~ Lwot(i+1):| (A9)
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Lers rep —

Lcrs(i+1) + k|:LCI'S i~ Lcrs(i+1)}

(A.10)

The sound pressure level Lyrhan (Which is obtained as a combination of the wide-open-throttle and
constant-speed level of noise for two different gears) is the vehicle urban traffic level of noise during the
90th percentile acceleration phase at 50 km/h. As such, Lyrhan represents the 90th percentile of noise
emission during typical urban conditions. Figure A.19 summarizes the procedure for cars and light vans.

Steps to perform during the

as used for the test ) -
type approval test

Reference values coming
from statistical investigations

Calculate the power to mass ratio for the car

Pick up reference acceleration A, for WOT test

< Ayor= 159Log (PM) 181 | |

Perform measurement of noise level and acceleration
under WQOT condition for two different gears i and i+1

C ay4,= 063Log (PIM)-0.09

Lt = Ludupery * K (Lo ™ Luctgen) Weighted combination of the results
k= (Agfor - @) | (- @) accordinﬁ to the reference acceleration
Perfarm measurement of noise level
for constant driviﬁ for two different Eears i and i+
Low =Ly wy ¥ k [me' Lmﬂu]] Weighted combination of the results <
k= (Agor - @)/ (a,-a,,) according weighting factor for the WOT test N\
Pick up larget acceleralion a,.,,, -, |
‘ Ke=1- (3,0, | Awor :l>| Calculate part powerfactg(\\" ‘

NOTE TH

A2.14 Pe

L=l - Kol - Lm}>| Calculate noise level represag(icg{rrban driving ‘
) J

Report result of
the type'approval test

riod exceeding the measured level of noise

Figure A.19 —(Pass-by noise measurement procedure

is is only a conceptual-flow diagram. Refer to the actual procedure for specific requirements.

During urbain driving,'what is the time percentage during which the vehicle level of noise exceeds the

one which i
map, measu

b measured according to the suggested procedure? Figure A.20 describes a vehicle noise
‘edAor all throttle conditions, all gear ratios, and all vehicle speeds.
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Figure A.20 — Maximum level of noise emitted by vehicle in urban driving conditipns at the
maximum aeceleration — Density of probability along the trip

Knowing that the noise-émission is a function of the partial power, gear ratio, and vehjcle velocity,
it is possible to compute’an instantaneous urban traffic noise emission for a vehicle. The required
information is vehiclespeed, the gear ratio, and the vehicle acceleration during driving time. This
results in noise erission as a function of time.

The maximuin, Jevel of noise of the acceleration phases is statistically analysed. Figure A.2] is the two-
dimehsional\probability density diagram of the maximum level of noise of a vehicle at the speed at
which mfaximum noise takes place. As an example, this vehicle’s measured sound pressure llevel is 70 dB
accornding to this procedure.

It can be seen that on an urban route, the maximum noise emission for the acceleration phase does not
exceed the on-track-edge-measured level of noise according to the procedure defined in this part of
ISO 362, except for a small percent (2 % in the given example) of acceleration phases under 50 km/h
and for vehicle speeds greater than 50 km/h.

A.2.15 Summary of procedure for categories M1 and M2 having maximum authorized
mass not exceeding 3 500 kg, and category N1

The procedure defined in this part of ISO 362, outlined in Figure A.19, enables one to measure a
vehicle’s urban traffic sound pressure level during the driving phase causing most disturbance, i.e.
acceleration phases at 50 km/h. The measured sound pressure level corresponds to the 90th percentile
of the maximum noise emitted during the acceleration phases in urban traffic. The method provides
excitation of all significant vehicle noise sources to provide the 90th percentile estimate of a vehicle’s
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noise emission in an urban environment. This noise estimate should provide good correlation to
actual vehicle noise emissions in the environment when the road surface is in good condition and
approximates the noise characteristics specified in ISO 10844. Road surfaces of this type are presently
in use, with road surfaces specifically designed to be “low noise”, having lower noise emission levels
than the ISO 10844 surface for typical M1 and N1 vehicles.

This method takes into account real driving behaviour, which depends on the acceleration potential and
on the power-to-mass ratio of a vehicle. The method is based on the performance criteria of acceleration
and is independent of the vehicle technology, transmission type, number of transmission gears, and the
type of engine. These performance criteria make this method applicable to current and future vehicles,
including adaptive automatic transmissions, hybrid vehicles, electric vehicles, and fuel cell vehicles.
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Measurement uncertainty — Framework for analysis according to

ISO/IEC Guide 98-3 (GUM)

B.1

The 1
ther
comp
for e

ISO/IEC Guide 98-3. This format incorporates an uncertainty budget, in which all the varj

of un

obtained. Uncertainties are due to the following factors:

V
[¢

—e

o))

ct

t

General

heasurement procedure is affected by several factors causing disturbance that'Tead tqg
esulting level observed for the same subject. The source and nature of these perturba
letely known and sometimes affect the end result in a non-predictable way. The accq
kpression of uncertainties generally associated with methods of measurement is 4

certainty are identified and quantified and from which the combinéd standard uncert

ariations in measurement devices, such as sound level méters, calibrators, and spee
evices;

ariations in local environmental conditions that\dffect sound propagation at
heasurement of Lyrban;

ariations in vehicle speed and in vehicle position during the pass-by run;
ariations in local environmental conditiens that affect the characteristics of the sourt

ffect of environmental conditions~(air pressure, air density, humidity, air tempe
hfluence the mechanical characteristics of the source, mainly engine performance;

ffect of environmental conditions that influence the sound production of the propu
hir pressure, air density, humidity, air temperature) and the roiling noise (tyre and
emperature, humid surfaces);

est site properties (test surface texture and absorption, surface gradient).

The yincertainty determined according to 8.5 represents the uncertainty associated with
ISO 362. It does:nof cover the uncertainty associated with the variation in the production

the

procegss are'outside the scope of this part of ISO 362.

The yncertainty effects can be grouped in the three areas composed of the following sourc

anufactarer. The variations in the urban sound pressure level of identical units of :

variation in
fions are not
pted format
hat given in
jous sources
ainty can be

H-measuring

the time of

€

rature) that

sion system
road surface

this part of
processes of
W production

es (see 8.5):

a)

uncertainty due to changes in vehicle operation within consecutive runs, small changes in weather

conditions, small changes in background noise levels, and measurement system uncertainty; these
are referred to as run-to-run variations;

b)

uncertainty due to changes in weather conditions throughout the year, changing properties of a test

surface over time, changes in measurement system performance over longer periods, and changes
in the vehicle operation; these are referred to as day-to-day variations;

)

and vehicle operation; these are referred to as site-to-site variations.

uncertainty due to different test site locations, measurement systems, road surface characteristics,

The site-to-site variation comprises uncertainty sources from a), b), and c). The day-to-day variation
comprises uncertainty sources from a) and b).
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B.2 Expression for the calculation of sound pressure levels of vehicles in
urban operation

The general expression for the calculation of the urban-operation sound pressure level, Lyrban, is given
by Formula (B.1):

Lurban = Lwot rep = kP (Lwot rep = Lersrep) + 01 + 02 + 63 + 84 + 05 + 66 + 67

where

is the A-weighted sound pressure level from wide-open-throttle tests:

(B.1)

Lot rep
Lers rep
kp
61
62

03
04

65

b6

67

NOTE1 TH
to the state o
reveal that th|

NOTE2 Fo

NOTE3 TH
considered tdg
purpose of d¢

is the A-weighted sound pressure level from cruise tests, if applicable;
is the partial power factor, if applicable;
is an input quantity to allow for any uncertainty in the measuremenptSystem;

is an input quantity to allow for any uncertainty in the environmental conditions
affect sound propagation from the source at the time of measurément;

is an input quantity to allow for any uncertainty in the vehicle speed and position

is an input quantity to allow for any uncertainty in:the local environmental condit
that affect characteristics of the source;

that

ions

is an input quantity to allow for any uncertaifity in the effect of environmental condi-

tions on the mechanical characteristics ofithe power unit;

is an input quantity to allow for any un¢ertainty in the effect of environmental condi-

tions on the sound production of thepropulsion system and the tyre/road noise;

is an input quantity to allow fot~any uncertainty in the effect of test site propertie
primarily related to road surface characteristics.

e inputs included in Formutay(B.1) to allow for errors are those considered applicable accg

‘LI)

rding

ere are others.

termining a measurement result.

f knowledge at the time when this part of ISO 362 was being prepared, but further research|could
r vehicles of categoryN2, N3, and M2 with authorized mass exceeding 3 500 kg and category M3, kp
is always zer¢.

e estimated\values of the delta functions can be principally positive or negative although th¢y are
be zero for the given measurement (see Table B.1). Their uncertainties are not additive f

r the
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Table B.1 — Uncertainty budget for determination of urban sound pressure level

Standard Uncertainty
Quantit Estimate uncertaintv. u: Probability Sensitivity contribution,
y dB Y. ui distribution coefficient, c; Uicj
dB
dB
Lot rep Lwot rep 1
kp kp Lwot rep ~ Lers rep
Lot rep — Lers rep Lot rep — Lers rep kp
o1 0 1
02 0 1
03 0 1
04 0 T
05 0 1
06 0 1
o7 0 1

From the individual uncertainty contributions, u;c; the combined standard uncertaintly, u, can be
calcuflated according to the rules of ISO/IEC Guide 98-3,'taking into account potential |correlations

betwgen various input quantities.

NOTH

The uncertainty evaluation described represents a framework that provides usefu

information

to users of this part of ISO 362. This information.represents the state of technical information at this time.
Further work is necessary to provide uncertainty information on all terms in Formula (B.1) and alll interactions
betwe¢en such terms.

B.4

Expanded uncertainty of méasurement

The gxpanded uncertainty, U, is calculated by multiplying the combined standard uncertaipty, u, by the
appropriate coverage factor forthe chosen coverage probability as described in ISO/IEC Gyide 98-3.
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