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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in_liaison _with ISO, also take part in_the work. ISO collaborates closely wit

h the

International
International
The main tag
adopted by

International

Attention is d
rights. 1ISO sH

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

k of technical committees is to prepare International Standards. Draft International Stan

dards

he technical committees are circulated to the member bodies for voting.-Publication &s an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

all not be held responsible for identifying any or all such patent rights.

ISO 362-1 was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

This first e

Jition of SO 362-1, together with ISO 362-2, cancels and replaces SO 362:1998

ISO 7188:1994, which have been technically revised.

ISO 362 cons
road vehicles

Part 1: M

Part 2: L

ists of the following parts, under the general titles Measurement of noise emitted by accele
— Engineering method:

[ and N categories

category

rawn to the possibility that some of the elements of this document may be the subject of patent

and

rating
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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 thes

e studies was

succ
by th
valid f

The {
and |
cases
partia
the r
wide-
comb

As a

which
futurg
will rg

In 20
consi
(JASI
Engin
these

sfully correlated to urban traffic use in the United States by evaluation of the fuel economy-te
United States Environmental Protection Agency (USEPA). The resulting test specifications
or all global urban use conditions.

bpeatable conditions. The definitions have been made according to the needs of vehicle
of vehicles other than very heavy trucks and buses, the working group found that attemptg
| load test as in actual use resulted in considerable run-to-run variabilitysthat significantly i

bpen-throttle acceleration phase, and a constant speed phase) wére used to guarantee s
nation was found to be equivalent to the partial throttle and partial power (engine load) actu

urther consequence of the investigation of the needs for an. efficient test, it was decided to
is independent of vehicle design and therefore safe and adaptable for future technologies,
traffic conditions. The test guarantees an excitation of’all relevant noise sources, and the fi
flect a combination of these sources as a compromise between normal urban use and “wor

D4, the given test for M and N category vehicles was evaluated for technical accuracy
Herations by test programmes carried out by, the Japan Automobile Standards Internationali
C), the European Automotive Manufacturers Association (ACEA), and the Society o
eers, Inc. (SAE) in the United States. Over 180 vehicles were included in these tests. T|
test programmes were considered prior to preparation of this part of ISO 362.

This part of ISO 362 was developed-following demands for a new test procedure:

@)

The test procedure (IS©,362) doesn't reflect realistic driving conditions” (1996 EU Green Pa

n the case of motorvehicles, other factors are also important such as the dominance of tyrg
uite low speeds (50 km/h)” (1996 EU Green Paper).

A new measurement procedure should require that the major noise sources of a vehicle
P001 Noise  Emission of Road Vehicles — I-INCE).

5t cycles used
are therefore

rocedure defined here provides a measure of the sound pressure level from‘vehicles unger controlled

Categories. In
to conduct a
hterfered with

ppeatability and reproducibility of the test cycle. Therefore, two primary operating conditions (i.e. a

mplicity. The
ally used.

design a test
as well as for
hal test result
5t case”.

and practical
zation Center

f Automotive
he reports of

per).

noise above

e measured”
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Measurement of noise emitted by accelerating road vehicles —
Engineering method —

Part 1:
M and N categories

1

§
This
categ

are c

The s

bcope

part of ISO 362 specifies an engineering method for measuring the noise emitted by rog
pries M and N under typical urban traffic conditions. It excludes vehicles of category L1 3
pvered by 1ISO 9645, and vehicles of category L3, L4 and L5 coveredby ISO 362-2.

specifications are intended to reproduce the level of noise _generated by the principal n

during normal driving in urban traffic (see Annex A).

The
repro

The t
condi

t

n

n

NOTH
condit
classe
strong
there

NOTH

method is designed to meet the requirements of simplicity as far as they are co
Hucibility of results under the operating conditions of th€ vehicle.

st method requires an acoustical environment-that is only obtained in an extensive open
ions are usually provided for

pe approval measurements of a vehicle;
neasurements at the manufacturing-stage, and
neasurements at official testing stations.

1 The results obtained by this method give an objective measure of the noise emitted unde
ons of test. It is necéssary to consider the fact that the subjective appraisal of the noise annoyar
s of motor vehicles~is not simply related to the indications of a sound measurement system. Ag

d vehicles of
nd L2, which

oise sources

nsistent with

space. Such

[ the specified
ce of different
annoyance is

ly related to personal human perception, physiological human conditions, culture and environmental conditions,

s a large varjation and it is therefore not useful as a parameter to describe a specific vehicle condition

2  Spot“checks of vehicles chosen at random are rarely made in an ideal acoustical &

this International Standard, the results obtained can deviate appreciably from the results obtained usin

measi

conditjons.

nvironment. If
hents stated in

remehisrare carried out on the road in an acoustical environment which does not fulfil the requirer]

T the specified

2 Normative references

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

ISO 1

176:1990, Road vehicles — Masses — Vocabulary and codes

ISO 2416:1992, Passenger cars — Mass distribution

ISO 5725:1994 (all parts), Accuracy (trueness and precision) of measurement methods and results
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ISO 10844:1994, Acoustics — Specification of test tracks for the purpose of measuring noise emitted by road

vehicles

ISO Guide 98:1995, Guide to the expression of uncertainty in measurement (GUM)

IEC 60942:2003, Electroacoustics — Sound calibrators

IEC 61672-1:

3 Terms

2002, Electroacoustics — Sound level meters — Part 1: Specifications

and definitions

For the purpcl)ses of this document, the terms and definitions given in ISO 1176, ISO 2416 and the fall

apply.
3.1

311

kerb mass
complete shi
the following

lubricant

fuel (tan

other eq
extinguig

NOTE Th

Vehicle mass

bping mass of a vehicle fitted with all equipment necessary for normal.gperation plus the m
elements for M1, N1 and M2 having a maximum authorized mass not.exceeding 3 500 kg:

5, coolant (if needed), washer fluid;
filled to at least 90 % of the capacity specified by the manufacturer);

uipment if included as basic parts for the vehicle, stch as spare wheel(s), wheel chock
her(s), spare parts and tool kit

e definition of kerb mass may vary from country«{&’ country, but in this part of 1SO 362 it refers

definition contgined in ISO 1176.

3.1.2

maximum authorized mass

kerb mass pl

313
target mass
actual vehicldg

NOTE Te]

314
test mass
actual vehicld

NOTE Tel

s the maximum allowable payload

mass used during test as determined by Table 3

st mass for N2 and'N3 vehicles can be lower than the target mass due to axle-loading limitations.

mass used during test as determined by Table 3

st-mass for N2 and N3 vehicles can be lower than the target mass due to axle-loading limitations.

bwing

hss of

5, fire

to the

3.1.5
unladen veh

icle mass

nominal mass of a complete N2, N3 or M2 vehicle having a maximum authorized mass greater than 3 500 kg,

or an M3 veh

a)

icle as determined by the following conditions:

mass of the vehicle includes the bodywork and all factory-fitted equipment, electrical and auxiliary

equipment for normal operation of the vehicle, including liquids, tools, fire extinguisher, standard spare

parts, ch

b)

ocks and spare wheel, if fitted;

those for used water) are filled to 100 % of the capacity specified by the manufacturer

the fuel tank is filled to at least 90 % of rated capacity and the other liquid-containing systems (except

© 1SO 2007 — All rights reserved
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3.1.6
driver mass
nominal mass of a driver

317

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 mass is taken as the sum of the unladen vehicle mass and the driver's mass;

b) inthe-caseof category M2 and M3 vehiclesthat include-seating-positionsfor additional crewmembers,

their mass is incorporated in the same way and equal to that of the driver
NOTE The driver's mass is calculated in accordance with ISO 2416.

3.1.8
maxiimum axle (group of axles) capacity
permissible mass corresponding to the maximum mass to be carried by the axle (group of axles) as defined
by th¢ vehicle manufacturer, not exceeding the axle manufacturer's specifications

3.1.9
unladen axle (group of axles) load
actua] mass carried by the axle (group of axles) in an unladen condition

NOTE The unladen vehicle mass is equal to the sum of the unladen axles (group of axles) load.

3.1.1
extralloading
mass|which is to be added to the unladen vehicle mass

311
lader) axle (group of axles) load
actual mass carried by the axle (group of axles) in a laden condition

3.2
powdr-to-mass ratio index
PMR
dimensionless quantity used-for the calculation of acceleration according to the equation

P
PMR = -1 %1000 (1)
my

wherg

R, _is the numerical value of engine power, expressed in kilowatts;

m; is the numerical value of the test mass, expressed in kilograms

33
rated engine speed
S

engine speed at which the engine develops its rated maximum net power as stated by the manufacturer

NOTE 1 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 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.

© 1SO 2007 — All rights reserved 3
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3.4 Vehicle categories

3.441
category L

motor vehicles with fewer than four wheels

NOTE 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.

3411

category L1 and L2

mopeds

NOTE Sde I1SO 9645 for further details.

3.4.1.2

category L3

two-wheeled |[motor vehicles with an engine cylinder capacity greater than 50 cm3 or maximium speed g

than 50 km/h

3413
category L4
three-wheele
greater than

3414

category L5
three-wheele
greater than
symmetrically

3.41.5
category L6
four-wheeled

H motor vehicles with an engine cylinder capacity greater than 50 cm3 or maximum
b0 km/h, the wheels being attached asymmetrically along the Jongitudinal vehicle axis

H motor vehicles with an engine cylinder capacity greater than 50 cm3 or maximum

reater

speed

speed

50 km/h, having a gross vehicle mass rating-hot exceeding 1 000 kg and wheels attached

along the longitudinal vehicle axis

vehicles whose unladen mass is ot more than 350 kg, not including the mass of the batte

the case of ¢lectric vehicles, whose maximum design speed is not more than 45 km/h, and whose €

cylinder capa
output does
continuous r3

3.41.6

category L7
four-wheeled
400 kg (550 |
electric vehic

3.4.2

city does not exceed 50 cm3+for spark (positive) ignition engines, or whose maximum net
not exceed 4 kW in the‘case of other internal combustion engines, or whose max
ted power does not exceed 4 kW in the case of electric engines

vehicles, other han those classified as category L6, whose unladen mass is not morg

ies in
ngine
bower
imum

than

g for vehicles-intended for carrying goods), not including the mass of the batteries in the case of

es, andwhose maximum continuous rated power does not exceed 15 kW

category M

power-driven

3.4.21
category M1

vehicles having at least four wheels and used for the carriage of passengers

vehicles used for the carriage of passengers and comprising no more than eight seats in addition to 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
ISO 362.

In this definition, “maximum mass” is equivalent to “maximum authorized mass” used elsewhere in this part of

© 1SO 2007 — All rights reserved
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3423
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 In this definition, “maximum mass” is equivalent to “maximum authorized mass” used elsewhere in this part of

ISO 362.

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

3.4.31
catedory N1
vehicles used for the carriage of goods and having a maximum authorized mass not exceeding 3

3.4.3)2
catedory N2

vehicles used for the carriage of goods and having a maximum authorized mass exceeding 3 5
excegding 12 000 kg

3.4.383
catedory N3
vehicles used for the carriage of goods and having a maximum authorized mass exceeding 12 0(

3.5
refergénce point
point depending on the design and category of the vehicle

3.5.1
refergénce point for category M1 and N1 vehicles

point pon the vehicle as follows:

— for front engine vehicles, it is the front end of the vehicle;
— for mid-engine vehicles, it is the centre of the vehicle;

— for rear engine vehicles;it is the rear end of the vehicle
3.5.2
refergénce point for.category M2, M3, N2, and N3 vehicles

point pon the vehicle<as follows:

— for front'engine vehicles, it is the front end of the vehicle;

500 kg

00 kg but not

0 kg

— forall other vehicles, it is the border of the engine closest to the front of the vehicle

3.6
target acceleration
acceleration at a partial throttle condition in urban traffic, derived from statistical investigations

NOTE Refer to Annex A for more detailed explanations.
3.7
reference acceleration

required acceleration during the acceleration test on the test track

NOTE Refer to Annex A for more detailed explanations.

© 1SO 2007 — All rights reserved
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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 powe
kp

r factor

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

exceeding 3
NOTE Re

3.10

~JaYalll
PUU NY

fer to Annex A for more detailed explanations.

pre-acceleration

application o
acceleration

NOTE S¢
3.1
locked gear

petween AA' and BB'

e Figure 1 for additional details.

ratio

control of trafpsmission such that the transmission gear cannot change during a test

3.12
engine
power sourcs

3.13

without detachable accessories

test track length

lo
length of test

3.14

track used in the calculation of acceleration from points PP' to BB'

test track length

I
length of test

track used in the calCulation of acceleration from points AA' to BB'

f acceleration control device prior to the position AA' for the purpose’ ‘of achieving $table

© 1SO 2007 — All rights reserved
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4 Symbols and abbreviated terms

Table 1 lists the symbols used in this document and the clause where they are used for the first time.

Table 1 — Symbols and abbreviated terms used, and corresponding clauses

Symbol Unit Clause 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 A26 partial throttle acceleration in gear i
$max m/s? A2.2.3 maximum acceleration during an acceleration phase measpred in in-use
studies
alax 90 m/s? A.2.3.1 90t percentile of maximum acceleration during, ar’accelpration phase
measured in in-use studies
wot m/s? A2.21 in-use acceleration measured in urban trafficfor a specific vehicle
alot 50 m/s? A.2.8.1 acceleration at 90" percentile of noise/emission and 50 km/h vehicle
velocity for a specific vehicle
dwot i m/s? 5.1 acceleration at wide-open-throttle.in gear i
Aydt (i + 1) m/s? 5.1 acceleration at wide-open:throttle in gear (i + 1)
Aot test m/s? 5.1 acceleration at wide-open throttle in single gear test cases
Aot ref m/s? 5.4 reference acceleration for the wide-open-throttle test
A rpan m/s? 5.3 target acceleration representing urban traffic acceleration
BB’ — 3.10 line perpendicular to vehicle travel which indicates end of zgne in which to
record sound pressure level during test
CC' — 8.1 line of vehicle travel through test surface defined in ISO 10844
o) R dB B.2 input quantities to allow for any uncertainty
geari — 8.3.1.3.2 |first of two gear ratios for use in the vehicle test
gear (i+1) — 8,3-13.2 |second of two gear ratios, with an engine speed lower than gear ratio i
j — index for single test run within overall acceleration or constant speed test
seriesior (i+1)
kp — 3.9 partial power factor
k — 3.8 gear ratio weighting factor
k, — A.2.8.1 interpolation factor between gears
Lot m 5.1 reference length
véh m 5.1 length of vehicle
To m 3.13 length of test section for calculation of acceleration from PP to BB'
log m 3.14 length of test section for calculation of acceleration from AA' to BB'
Lo 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)
L rep dB 8.4.3.2 reported vehicle sound pressure level at constant speed test
Lot ; dB 8.4.3.2 vehicle sound pressure level at wide-open-throttle test for gear i
Lot (i + 1) dB 8.4.3.2 vehicle sound pressure level at wide-open-throttle test for gear (i + 1)
Lot rep dB 8.4.32 reported vehicle sound pressure level at wide-open-throttle
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https://standardsiso.com/api/?name=f1d2120e9f5327c389495e84cc33aefe

ISO 362-1:2007(E)

Table 1 — (continued)

Symbol Unit Clause Explanation
Lirban dB 8.4.3.2 reported vehicle sound pressure level representing urban operation
Mtq 10ad unladen kg 8.2.2.1 unladen front axle load
My ra max kg 8.2.21 maximum rear axle capacity
M2 1oad unladen kg 8.2.2.1 unladen rear axle load
nmy kg 8.2.2.1 mass of driver
Myarp kg 8.2.2.1 kerb mass of the vehicle
M2 load laden kg 8.2.2.2.2 |laden front axle load
Mia 10ad laden kg 8.2.2.2.2 |laden rear axle load
Mgt kg 8.2.21 kerb mass + 75 kg for the driver (75 kg + 5 kg in the case.of category L)
me, kg 8.2.2.1 mass in running order
my kg 3.2 test mass of the vehicle
Miarget kg 8.2.21 target mass of the vehicle
M niaden kg 8.2.21 unladen vehicle mass
Myjoad kg 8.2.21 extra loading
n 1/min A24 engine rotational speed of the.vehicle
Npp 1/min 9 engine rotational speed of/the vehicle when the reference point passes
PP’
ngg: 1/min 8.3.2.21 engine rotational.speed of the vehicle, when the reference point passes
BB'
(n1S), 90 — A.2.8.1 dimensionless engine rotational speed ratio at 90t percentile accelefation
(n1S); o9 — A.2.6 dimensionless engine rotational speed ratio at 90t percentile [noise
emission
(nlS), — A.2.8.1 dimensionless engine rotational speed ratio at maximum acceleratign of i
gear
(”/S)(H 1) — A.2.8.1 dimensionless engine rotational speed ratio at maximum acceleratfon of
(i+1)gear
PMR — 3.2 power-to-mass ratio index to be used for calculations
P, kw 3.2 rated engine power (see ISO 1585)
PP — 3.13 line perpendicular to vehicle travel which indicates locatign of
microphones
S 1/min 3.3 rated engine rotational speed in revs per minute, synonymous with the
engine rotational speed at maximum power
VaA" km/h 5.2.1 vehicle velocity when reference point passes line AA' (see 5.1 for
definition of reference point)
VB! km/h 5.2.1 vehicle velocity when reference point or rear of vehicle passes line BB'
(see 5.1 for definition of reference point)
Vppr km/h 5.2.2 vehicle velocity when reference point passes line PP' (see 5.1 for
definition of reference point)
Viest km/h 8.3.1.2 target vehicle test velocity
Va max 50 km/h A2.3.1 50t percentile vehicle velocity at maximum acceleration during an
acceleration phase measured in in-use studies
Va max 90 km/h A2.3.1 90t percentile vehicle velocity at maximum acceleration during an

acceleration phase measured in in-use studies
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5 Specification of the acceleration for vehicles of categories M1 and M2 having a

max

5.1

imum authorized mass not exceeding 3 500 kg, and of category N1

General

All accelerations are calculated using different speeds of the vehicle on the test track. The formulas given in

5.2 are used for the calculation of a

wot i’

Aot (i + 1) and a1 test- 1he speed either at AA' (vpa) Or PP' (vpp) is

defined by the vehicle speed when the reference point passes AA' or PP'. The speed at BB' (vgg/) is defined
when the rear of the vehicle passes BB'. The method used for determination of the acceleration shall be
indicated in the test report

Due

differ
vehic
the rg

The d
follow

Due
techn

transiission) which have no electronic control, require a more specifictreatment for a proper de
tceleration. The given possibilities for calculation of the acceleration shall cover these needg.

the a

5.2

5.21

0 the definition of the reference point for the venicle, the fength of the vehicle 15 cons
et in Equations (2) and (3). If the reference point is the front of the vehicle, /. = [ enihe.
e, if the reference point is the midpoint of the vehicle, /s = 0,5 /¢, (i.€. 0,5 times the.length
ference point is the rear of the vehicle, /= 0.

imensions of the test track are used in the calculation of acceleration. These(dimensions 3
S. 120 =20 m, 110 =10 m.

o the large variety of technologies, it is necessary to consider different modes of cald
plogies (such as continuously variable transmission) and older,\technologies (such

Calculation of acceleration

idered to be
the length of
of vehicle); if

re defined as

ulation. New
s automatic
ermination of

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

PUr ayot test,

()

red;

The Value of a,,y 1ot US€d in the determination of*gear selection shall be the average of the f
valuep during each valid measurement run.
Calcylate ayo test, ; USing the equation:
2 2
) (ves,,; /3.6)" —(van,; /36)

Fwot test,j = 2(120 "'lref)
where

dwottest,;  S4he numerical value of the acceleration, expressed in metres per second squ3

VBB, j» VAL~ are numerical values of the velocity, expressed in kilometres per hour;

1o, tret are numerical values of the length, expressed in metres.
Pre-acceleration may be used.

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

The value of gy, est USed in the determination of gear selection shall be the average of the four ayot test, ;
values during 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
achieving test requirements, calculate a,; test ; USing Equation (2).

Pre-a

J

cceleration may be used.
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If the devices

007(E)

or measures described in 8.3.1.3.3 are not used, calculate ay,; 1ot ; USiNg Equation (3):

(veg'/3,6)° — (vpp /3,6)°

Awot test, j = 2(110 A lref) (3)
where

ayot test, ; 1 the numerical value of the acceleration, expressed in metres per second squared;

vpps, vgr' are numerical values of the velocity, expressed in kilometres per hour,

10> lef | @re numerical values of the length, expressed in metres.
Pre-acceleration shall not be used.
NOTE It yould be useful for these types of vehicles to record the vehicle speeds at AA', PP/,;"and BB' to provide
information for|a future revision of this part of ISO 362.
5.3 Calculation of the target acceleration
Calculate a,, using the equation:

dyrpan = P63 I9(PMR) - 0,09 (4)
where

aypan 1B the numerical value of the acceleration, expressed in metres per second squared;

PMR is the dimensionless value of the power-fo-mass index.
5.4 Calculation of the reference acceleration
Calculate ay,d; of Using the equations:

Ayot ref =| 1,99 I9(PMR) - 1,41-for25 < PMR (5)
or

Aot ref =|%urban = 9,63 Ig(PMR) — 0,09 for 25 > PMR (6)
where

awot ref 1S the NUMerical vatue of the Teference acceferation, expressed i metres per second squared,

aypan 1S 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.

NOTE Calculations of a,,.; o @and a,,,, 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

10

a function to identify the appropriate target acceleration.
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Partial power factor /p

Partial power factor kp is:

k

p = 1= (ayman/awot test)

In cases other than a single gear test, a,, (s Shall be used instead of 4, o1, @s defined in 8.4.3.2.

6

Instrumentation

6.1

6.1.1

The apparatus used for measuring the sound pressure level shall be a sound.level meter

meas
winds

The ¢
of Clg

Meas|
the “A
monift
than

The i
manu

6.1.2

At the
be ch
differ
the m

6.1.3

Com;j
Com;j
every
calibr]

Instruments for acoustical measurement

General

urement system meeting the requirements of Class 1 instruments (inclusive of the r
creen, if used). These requirements are described in IEC 61672-1.

ntire measurement system shall be checked by means of a sound ‘ealibrator that fulfils the
ss 1 sound calibrators according to IEC 60942.

urements shall be carried out using the time weighting “F*.of the acoustic measurement in
” frequency weighting curve also described in IEC 61672<1. When using a system that incl

B0 ms.

hstruments shall be maintained and calibrated in accordance with the instructions of th
facturer.

Calibration

beginning and at the end of every measurement session, the entire acoustic measuremen
ecked by means of a sound calibrator as described in 6.1.1. Without any further ad
ence between the readings ;shall be less than or equal to 0,5 dB. If this value is exceeded,
easurements obtained after the previous satisfactory check shall be discarded.

Compliance with requirements

liance of the“sound calibrator with the requirements of IEC 60942 shall be verified

liance of\the instrumentation system with the requirements of IEC 61672-1 shall be ve
2 years. All compliance testing shall be conducted by a laboratory which is authorize
btiohs'traceable to the appropriate standards.

Dbr equivalent
bcommended

requirements

strument and
LiIdes periodic

oring of the A-weighted sound pressure level, a reading should be made at a time interval not greater

e instrument

system shall
ustment, the
the results of

bnce a year.
ified at least
d to perform

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.

The road speed of the vehicle shall be measured with instruments meeting specification limits of at least

05

km/h when using continuous measuring devices.

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

NOTE

©I1SO

Independent measurements of speed are when two or more separate devices will determine the vy, Vgg: and
vppr Values. A continuous measuring device will determine all required speed information with one device.

2007 — All rights reserved
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6.3 Meteorological instrumentation

The meteorological instrumentation used to monitor the environmental conditions during the test shall meet
the following specifications:

— atleast + 1 °C for a temperature measuring device;

— atleast + 1,0 m/s for a wind speed measuring device;

— atleast + 5 hPa for a barometric pressure measuring device;

— atleast £ 5 % for a relative humidity measuring device.
7 Acoustical environment, meteorological conditions and background noise
7.1 Test site

The test site
of ISO 10844

NOTE Th
symbols in thig

shall be substantially level. The test track construction and surface shall meet the requirenents

. The test site dimensions are shown in Figure 1.

e symbols in Figure 1 are directly copied from ISO 10844 and afe not necessarily consistent w
part of ISO 362.

Within a raditis of 50 m around the centre of the track, the space shall'be free of large reflecting objects

as fences, rd
absorbing ma

In the vicinity
person shall
as not to infly

NOTE Bu

cks, bridges or buildings. The test track and the surface of the site shall be dry and free
terials such as powdery snow or loose debris.

of the microphone, there shall be no obstagle that could influence the acoustical field a
emain between the microphone and the néise source. The meter observer shall be position
ence the meter reading.

ildings outside the 50 m radius can have’significant influence if their reflection focuses on the test trac

th the

such
from

nd no
ed so

12
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Dimensions in metres

/ N

10

A
Y
A
Y
A
Y
A
Y
~

\

Key

:I minimum area covered with test road surface, i.e;test area

microphone positions (height 1,2 m)

NOTE Shaded area (“test area”) is the minimum area to be covered with a surface complying with 1ISO|10844.
Figure 1 — Test site dimensions

7.2 |Meteorological conditions

The meteorological instrumentation shall deliver data representative of the test site, and shall be positioned
adjacent to the test.area at a height representative of the height of the measuring microphone.

The measurements shall be made when the ambient air temperature is within the range from § °C to 40 °C.
The Fsts shall not be carried out if the wind speed, including gusts, at microphone height exceeds 5 m/s

during thexsound 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 which appears to be 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 greater than
level difference to measured 10 11 12 13 14 or equal
sound pressure level, in dB to 15
Correction, in dB 0,5 0,4 0,3 0,2 0,1 0,0

8 Test procedures

8.1 Micro

The distance]

bhone positions

CC' (see Figdre 1) on the test track shall be 7,5 m + 0,05 m.

from the microphone positions on the microphone line PP' to the perpendicular referenc

e line

The microphene shall be located 1,2 m + 0,02 m above the ground level. The reference direction for fre¢-field

conditions (s
line CC'".

8.2 Conditions of the vehicle

8.2.1 General conditions

The vehicle ghall be supplied as specified by the vehicle manufacturer.

Before the m

The variation

pasurements are started, the vehicle shall be brought to its normal operating conditions.

of results between runs may be reduced if there is a 1-min wait, at idle in neutral, between

8.2.2 Test mass of the vehicle

8.2.2.1 Gé¢neral

Measurements shall be made-on vehicles at the test mass m; specified in Table 3.

14

pe [EC 61672-1) shall be horizontal and directed perpendiculatly towards the path of the vi

Bhicle

uns.
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Table 3 — Test mass, m;

Vehicle category Vehicle test mass
kg

M1 Mt = Myep, + 75 Kg. The 75 kg added mass accounts for the mass of the driver according to
ISO 2416.

N1ab my ref mkerb +75kg. The 75 kg added mass accounts for the mass of the driver according to
ISO 2416

N2, N3 Migrget (PEF KW rated power) = 50 kg. Extra loading, ,;,,4, to reach the target mass, n, 4y, Of the
vehicle shall be placed above the rear axle.
The sum of the extra loading and the unladen rear axle load, 7., o4 uniaden- IS limitéd fo 75 % of the
maximum axle capacity, m, 5 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 reaf axle, the test
mass, m,, of the vehicle shall not exceed the sum of the unladen front@xle load, n; \daq uniagen @Nd
the unladen rear axle load plus the extra loading and the mass of driver; Ty
The test mass for vehicles with more than two axles shall be the same as for a two-axlg vehicle.
If the unladen vehicle mass, m,,4cn Of @ vehicle with morexthan two axles is greatef than the test
mass for the two-axle vehicle, then this vehicle shall be tested without extra loading.

M2, N3 my = me

@ N1 category vehicles may be loaded, at the decision of the vehicle manufacturer, for practical reasons during the test. This practice

is accgptable, however it may 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.

8.2.2]2  Calculation procedure to determine extra loading of N2 and N3 vehicles only

8.2.212.1 Calculation of extra loading

The target mass Miarget (per kW rated “power) for two-axle vehicles of category N2 and N3 i$ specified in

Tablg 3:

Mtarget = =50 kg (8)
To repch the required target mass m, ¢ for a vehicle to be tested, the unladen vehicle, including the mass of

the driver m, shall be-loaded with an extra mass my,,4 Which shall be placed above the rear axlg:

Mtarget = Munladen T Md + Myioad (9)
The target mass myyq¢t shall be achieved with a tolerance of £ 5 %.
The vehictemass-of-thetest-vehicte-in—the—untaden—condition T onladen is—catcutated by lllcabul;llg on a scale
the unladen front axle load mg 044 uniaden @Nd the unladen rear axle load 4 1029 uniaden:

Mynladen = ™fa load unladen * ™ra load unladen (10)
By using Equations (9) and (10), the extra loading m,,,q is calculated as follows:

Myload = Mtarget ~ (mg + mypjaden) (11)

Myload = Mtarget ~ (mg + Mtz 1oad unladen *+ Mra load unladen) (12)
© 1SO 2007 — All rights reserved 15
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The sum of the extra loading, m,,,4, @and the unladen rear axle load, m,, |aq unladen: 1S limited to 75 % of the

maximum axl
0,75 my,

The mx|oad is

Myload <

e capacity for the rear axle, m; (3 max:

>

ramax = Mxload T Mra load unladen

limited according to Equation (14):

0,75 ma¢ ra max — Mra load unladen

(13)

(14)

If the calculated extra loading my,,q in Equation (12) fulfils Equation (14), then the extra loading is equal to
Equation (12). The test mass m; of the vehicle is equal to

my = Myjq

In this case, fhe test mass of the vehicle is equal to the target mass

my = Migy

If the calcu
Equation (17

Myjoad =

the extra load

Myjoad =

and the test 1

my = 0,74

In this case, fhe test mass of the vehicle is lower than the target mass

my < Mgy

8.22.22 L
If the centre
mass of the
rear axle load

This means |
placed onto t
mass of the d

bd T Mg + Mia joad unladen + ™ra load unladen

het

ated extra loading my .4 in Equation (12) does not fulfil Equation,(14), but rather

D,75 Mac ra max — Mra load unladen

iNg my,4q Shall be equal to

D,75 My ra max ~ Mra load unladen

hass my of the vehicle shall be equal to

Mac ramax T Md + Mfa load unladen

pet
oading considerations,if load cannot be aligned with the centre of rear axle
pf gravity of the €xtra loading m,,,q cannot be aligned with the centre of the rear axle, th

ehicle m, shall’not exceed the sum of the unladen front axle load m¢, 1044 uniaden @Nd the un
M4 load uniaden PlUS the extra loading m,,,q and the mass of the driver my.

nat if theactual front and rear axle load are measured on a scale when the extra loading m,

riveris equal to

(15)

(16)

fulfils

(17)

(18)

(19)

(20)

e test
laden

oad IS

he vehicle and it is aligned with the centre of the rear axle, the test mass of the vehicle min@is the

my — My = Mty |oad laden T ™ra load laden

where

Mfg |oad laden = Mfa load unladen

(21)

(22)

If the centre of gravity of the extra loading cannot be aligned with the centre of the rear axle, Equation (21) is
still fulfilled, but

M3 load laden ~ ™fa load unladen

(23)

because the extra loading has partly distributed its mass to the front axle. In that case, it is not allowed to add

more mass o

16

nto the rear axle to compensate for the mass moved to the front axle.
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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 this vehicle shall be the same as the test
mass for the two-axle vehicle.

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

8.2.3 Tyre selection and condition

The tyres shall be appropriate for the vehicle and shall be inflated to the pressure recommended by the tyre
manyfacturer for the testmass of the vehicte:

For dertification and related purposes, additional requirements for the tyres, defined.'\by rggulation, are
necegsary. The tyres for such a test shall be selected by the vehicle manufacturer, and shall gorrespond to
one gf the tyre sizes and types designated for the vehicle by the vehicle manufacturer. The [tyre shall be
comnjercially available on the market at the same time as the vehicle. The minimium”tread depth shall be at
least BO % of the full tread depth.

NOTE The tread depth can have a significant influence on the test result.
8.3 |Operating conditions

8.3.1| Vehicles of categories M1 and M2 having a maximum:authorized mass not exceeding 3 500 kg,
and gategory N1

8.3.1/11 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 trafler that is not
readily separable from the towing vehicle shall-be ignored when considering the crossing of the Ijne BB'. If the
vehicle is fitted with more than two-wheeldrive, test it in the drive selection that is intended fof normal road
use. |f the vehicle is fitted with an auxiliary manual transmission or a multi-gear axle, the pos|tion used for
normal urban driving shall be used. tn all cases, the gear ratios for slow movements, parking or praking, shall
be excluded.

8.3.12 Test speed

The test speed v shall be 50 km/h = 1 km/h. The test speed shall be reached when the reference point
according to 3.5 isatline PP'.

8.3.13 Gearratio selection

8.3.143(1- * General

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

Annex C gives gear selection criteria and test run criteria for categories M1 and M2 having a maximum
authorized mass not exceeding 3 500 kg, and for category N1, in a flowchart form as an aid to test operation.

8.3.1.3.2 Manual transmission, automatic transmissions, adaptive transmissions or transmissions
with continuously variable gear ratios (CVTs) tested with locked gear ratios

The selection of gear ratios for the test depends on the specific acceleration achieved a,,; ; under full-throttle

condition according to the specification in 5.2.1 in relation to the reference acceleration a,q; o required for the
full-throttle acceleration test according to Equation (5) in 5.4.
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The following conditions for selection of gear ratios are possible.

a) If one specific gear ratio gives acceleration in a tolerance band of + 5 % of the reference acceleration

ayot ref NOt €xCeeding 2,0 m/s2, test with that gear ratio.

b) If none of the gear ratios gives the required acceleration, then choose a gear ratio i, with an acceleration
higher and a gear ratio (i + 1), with an acceleration lower than the reference acceleration a,q; (¢ If the
acceleration value in gear ratio i does not exceed 2,0 m/s2, use both gear ratios for the test. The gear
ratio weighting factor & in relation to the reference acceleration a,,; ¢ is calculated by:

k= (awot ref ~ dwot (i + 1))/(awot i~ Qwot (i + 1)) (24)

c) If the acfeleration value of gear ratio i or (i + 1) exceeds 2,0 m/s?, the first gear ratio shall be usefl that
gives an|acceleration below 2,0 m/s2 unless gear ratio (i + 1) provides acceleration less than dyrhad- The
achieved acceleration g, 15t during the test shall be used for the calculation of the partial(pewer factor

kp instedd of a,,; ¢ fOr tests using one gear.

d) In the case where gear ratio (i + 1) provides acceleration less than a5, two gears,i@and (i + 1) shall be
used, influding the gear i with acceleration exceeding 2,0 m/s2. The gear ratio, wéighting factof & in
relation fo the reference acceleration a,, ¢ is calculated by Equation (24).

If the vehiclelhas a transmission in which there is only one selection for the gear ratio, the full-throttle tlest is
carried out in| this vehicle gear selection. The achieved acceleration a,,q o5t i§/then used for the calculatjon of
the partial power factor ip (see 3.9) instead of a,yq; ref-

If rated engirle speed is exceeded in a gear ratio before the vehicle passes BB', the next higher gear shall be
used.

8.3.1.3.3 utomatic transmission, adaptive transmissions and transmissions with variable gear
ratios tested with non-locked gear ratios
The gear selgctor position for full automatic operation shall be used.

The accelerafion a,,; o5t Shall be calculated by Equation (2) or (3) as specified in 5.2.

The test may then include a gear change to a lower range and a higher acceleration. A gear chang¢ to a
higher range|and a lower acceleration js\not allowed. In any case, a gear shifting to a gear ratio which is
typically not Used at the specified condition in urban traffic shall be avoided.

Therefore, it|is permitted to establish and use electronic or mechanical devices, including alternativel gear
selector positions, to preventsa.downshift to a gear ratio which is typically not used at the specifiefl test
condition in urban traffic.

The achieved acceleration s, 1ot Shall be greater than or equal to a4

If possible, te mafufacturer shall take measures to avoid an acceleration value a,,.; st greater than 2,9 m/s2.

Th h ed—atecalaration o than tiead far tha calaylatian Af tha nartial Aoy fantay 1 {cad 3 9
e achieved—aeceeleration— s is—ther—usedforthe—caloulation—of the—partial-pewerfastor4p—{seé 3.

instead of a4 ref-

8.3.1.4  Acceleration test

The acceleration 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 front of the vehicle reaches the AA', the acceleration control unit shall be fully engaged and held
fully engaged until the rear of the vehicle reaches BB'. The acceleration control unit shall then be released.
Pre-acceleration may be used if acceleration is delayed beyond AA'. The location of the start of the
acceleration shall be reported.

The calculated acceleration a,,; 1ot Shall be noted to the second digit after the decimal place.
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8.3.1.5 Constant-speed test

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.

8.3.2| Vehicles of category M2 having a maximum authorized mass exceeding 3 500 kg; and
catedories M3, N2 and N3

8.3.211 General conditions

The path of the centreline of the vehicle shall follow line CC' as closely as possible throughout the entire test,
from fhe approach to line AA' until the rear of the vehicle passes line BB!(see Figure 1) and the reference
point|is 5 m behind line BB'. The test shall be conducted without a trailer' or semi-trailer. If g 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
operdtion during the test. The test mass of the vehicle including the’test payload shall be according to Table 3.

Annek D gives gear selection criteria and test run criteria for ¢ategory M2 having a maximum authorized mass
excegding 3 500 kg, and for categories M3, N2 and N3, in-aflowchart form as an aid to test operation.

8.3.22 Target conditions

8.3.2121 Vehicles of category M2 having amaximum authorized mass exceeding 3 500 Kg, and
catedory N2

Wher the reference point passes BB', the’engine rotational speed ngg: shall be between 70 % and 74 % of the
speed S. The vehicle test speed vig shall be 35 km/h + 5 km/h.

8.3.2]2.2 Categories M3 and'N3

Wher) the reference point-passes BB', the engine rotational speed ngg shall be between 85 %|and 89 % of
speed S. The vehiclettest speed vy shall be 35 km/h + 5 km/h.

8.3.23 Gearselection

8.3.213.1 General

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

8.3.2.3.2 Manual transmission

Stable acceleration conditions shall be ensured. The gear choice is determined by the target conditions.

If more than one gear fulfils the target conditions, take the gear which gives velocity closest to 35 km/h. If no
single transmission gear fulfils the target condition for v;., then two gears shall be tested, one above and one

below v The target engine speed shall be reached in any condition.

A stable acceleration condition shall be ensured. If a stable acceleration cannot be ensured in a gear, this
gear shall be disregarded.
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8.3.2.3.3 Automatic transmission, adaptive transmissions and transmissions with variable gear ratio
The gear selector position for full automatic operation shall be used. The test may then include a gear change
to a lower range and a higher acceleration. A gear change to a higher range and a lower acceleration is not
allowed. A gear change to a gear ratio that is not used in urban traffic, at the specified test condition, shall be
avoided.

Therefore, it is permitted to establish and use electronic or mechanical devices to prevent a downshift to a
gear ratio that is typically not used at the specified test condition in urban traffic.

If the vehicle includes a transmission design, which provides only a single gear selection (D) that limits engine

speed during

If the vehicld
vehicle shall

Vtest — VBB' =

the test,the vehicle shall be tested using only a target vehicle speed.

uses an engine and transmission combination that does not fulfil 8.3.2.2.1 or 8.3:2.2.
be tested using only the target vehicle speed. The target vehicle speed for the.'test sh
B5 km/h + 5 km/h. A gear change to a higher range and a lower acceleration is_allowed aft

vehicle passgs line PP'. Two tests shall be performed, one with an end speed, vgg:, of 40Kkm/h = 5 km/t

one with an &

If the vehicle
shall be teste

The reported
speed for int
engines, obt3

nd speed, vgg:, of 30 km/h £ 5 km/h.

d to fulfil the end speed, vgg:, 40 km/h = 5 km/h criterion only.

sound pressure level shall be that result which is related Ao _the test with the highest €
ernal combustion engines, or highest sound pressure level for vehicles with hybrid or ele
ined during the test from AA' to BB'.

P the
Bll be
br the
, and

uses an engine and transmission combination that cannot fulfil both«the target speed critgria, it

ngine
ctrical

8.3.2.4 Wide-open-throttle test

d and
ehind

When the reference point of the vehicle reaches AA', the aceeleration control unit shall be fully engage
held fully engaged until the rear of the vehicle passes BB', but the reference point shall be at least 5 m b
BB'. The accg¢leration control unit shall then be released:

8.4 Measurement readings and reported values

8.4.1 Geneyal

At least four measurements for all test ‘conditions shall be made on each side of the vehicle and for each

ratio.

gear

The maximum A-weighted-sound pressure level indicated during each passage of the vehicle between AA'

and BB' (see|Figure 1) shall be noted, to the first significant digit after the decimal place (e.g. XX, X). If a $ound
peak obviougly out of €haracter with the general sound pressure level is observed, that measurement shall be
discarded.

Dr the
t.

The first four|jthovalid consecutive measurement results for any test condition, within 2,0 dB, allowing f
deletion of non-valid resulis, shall be used for the calculation of the appropriate intermediaie or final resu

The speed measurements at AA' (vaar), BB' (vgr'), and PP’ (vpp') shall be noted and used in the calculations to
one digit after the decimal place.

8.4.2 Data compilation

For a given test condition, the results of each side of the vehicle shall be averaged separately. The
intermediate result shall be the higher value of the two averages mathematically rounded to the first decimal
place.

All further calculations to derive L, 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.
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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:

1

Awot test =
4 [awot test(1) T @wot test(2) T dwot test(3) T Ywot test(4)]

where-thenumbersinbracketssymbotize-thetestruns 77—

8.4.3]2 Reported value and final results

Calcylate the reported value L

wot rep for the wide-open-throttle test using the equatiom;

lwot rep = Lwot @i+1) + k(Lwot i Lwot i+ 1))

wherg £ is the gear ratio weighting factor.

Calcylate the reported value L (¢, for the constant speed test using the equation

I~

crsrep — Lers @i+1) + k(Lcrs i~ Lers (i+ 1))

In the case of a single gear ratio test, the reported values. are directly derived from the test result

The gquations used to determine the partial power factor, kp, are as follows:

a)

in cases other than a single gear test, kp is calculated by

ke =1 = (ayrban/awot ref)

if only one gear was specifiedfor the test, 4p is given by

Kp =1 = (ayrban/awot test)

in cases where attect iS €88 than a4,

kP =0
The fnal.result is calculated by combining Equation (26) for L, rep and Equation (27) for L rep
Lurban = Lwot rep kP (Lwot rep Lcrs rep)

tself.

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

When one gear is tested, the final result, L., is the maximum value as specified in 8.4.2.

(25)

(26)

(27)

(28)

(29)

(30)

(31)

When two gears are tested, the arithmetic mean of the two averages for each side of these two conditions

shall be calculated. The final result, L

urban» 1S the maximum value of the two calculated averages.
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8.5 Measurement uncertainty

The measurement procedure described in 8.4 is affected by several parameters (e.g. ISO 10844 surface
texture variation, environmental conditions, measurement system uncertainty, etc.) that lead to variation in the
resulting level observed for the same subject. The source and nature of these perturbations are not
completely known and sometimes affect the end result in a non-predictable way. The uncertainty of results
obtained from measurements according to this part of ISO 362 can be evaluated by the procedure given in
ISO Guide 98 (GUM), or by interlaboratory comparisons in accordance with 1ISO 5725 (parts 1 to 6). Since
extensive inter- and intra-laboratory data were not available, the procedure given in ISO Guide 98 was
followed to estimate the uncertainty associated with this part of ISO 362. The uncertainties given below were
based on existing statistical data, analysis of tolerances stated in this part of ISO 362, and engineering
judgement. The-u inti j :

expected within the same test laboratory and slight variations in ambient conditions found
single test series (run-to-run);

a) variation
within a

b) variationg expected within the same test laboratory but with variation in ambient.,conditiong and
equipment properties that can normally be expected during the year (day-to-day);

between test laboratories where, apart from ambient conditions, ‘equipment, staff and road
onditions will also be different (site-to-site).

c) variation
surface

If reported, te expanded uncertainty together with the corresponding covetage factor for the stated coverage
probability of 80 % as defined in ISO Guide 98 shall be given. Information on the determination ¢f the
expanded ungertainty is given in Annex B.

NOTE Annex B gives a framework for analysis in accordance with\1SO Guide 98, which can be used to cpnduct
future research on measurement uncertainty for this part of ISO 362.

These data are given in Table 4 for two different vehicle\Categories. The variability is given for a coverage
probability of| 80 %. The data express the variability of results for a certain measurement object and do not
cover product variation.

[able 4 — Variability of measurement results for a coverage probability of 80 %

Run-to-run | Day-to-day | Site-tg-site
Vehicle category
dB dB dH
M1, M2 having a maximum authorized)mass not exceeding 3 500 kg, and N1 0,5 0,9 1.4
M2 having a maximum authorized ‘mass exceeding 3 500 kg, and N2, M3, N3 0,5 0,9 1,4

Until more specific knowledge is available, the data for site-to-site variability might be used in test repqrts to
state the expandedymeasurement uncertainty for a coverage probability of 80 %.

9 Testreport
The test report shall include the following information:
a) reference to this part of ISO 362;

b) 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;
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e) the identification 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) the vehicle speed and engine speed at the beginning of the period of acceleration, and the location of the
beginning of the acceleration;

h) the vehicle speed (vpp:, vgg) and engine rotational speed (ngg, npp) at PP' and at end of the
acceleration;

i)t

)t

~
~
ot Q)

ne method used for calculation of the acceleration;
ne auxiliary equipment of the vehicle, where appropriate, and its operating conditions;

Il valid A-weighted sound pressure level values measured for each test, listed laccording
ne vehicle and the direction of the vehicle movement on the test site.
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Annex A
(informative)

Technical background for development of vehicle noise test procedure

A.1 Introducti

A.1.1 Gene

This annex g
to measure

intended to (
defined in th
examples dre

As vehicle n
used to eval
defined in th
urbanuse. T
1ISO 10844. |
aggregate si
surfaces in b
provided low
of 1SO 362

manufacturef
These items
monitoring ar

A.1.2 Why

The present
measuremen
throttle, in s¢
resulting sou
the measure
regulated lim
However, the
the same per

A significant

based on in-use operation in urban conditions

fon

ral

ves general technical background relating to the urban noise situation and the-approach chosen

he noise contribution of a single vehicle in the overall urban noise situation. This annex is

wn from the actual in-use studies, but does not present the full in-use databases.

e noise emission so measured assumes a road surface.with similar characteristics as defi
50 10844 is representative of well-constructed and maintained asphalt road surfaces with
ves. Reference [6] has shown the ISO 10844 suirface to fall within the range of actual
pth the United States and Europe. Road surfaces, which were specifically designed to be
br noise emission than the 1ISO 10844 surface.(As a result, the procedures described in thi
represent a measure of the vehicle noise' emission which is controllable by the v
. Other contributors to the traffic noise situation are outside the control of vehicle manufact]

include road surfaces, traffic regulations, aftermarket part control, in-use noise em
d effective enforcement mechanisms;

a new procedure is hecessary

procedure which suppofts)regulation in all global markets is specified in ISO 362:1998]
t is performed on a specified test surface (see ISO 10844). The vehicle drives with wide-
cond and/or third gear. The entry speed 10 m prior to the microphone position is 50 km/h
nd pressure levelGs)the result of the single gear test for 2"d or 31 gear only, and the averd
i sound pressire levels for the 2"d and 3 gear test. With the support of this procedur
it has been.strongly reduced in most countries (from 82 dB to 74 dB in 20 years by

od hastbeen weak.

reason is the poor simulation of typical urban vehicle noise performed by the proc

rovide information to evaluate the concepts used to guide the development of the procedures
s part of ISO 362. In support of the goal of providing background information, this annex uses

bise emission is subject to regulation, an exterior noise measufement procedure for vehidles is
Llate the noise emission of the measured vehicle in typicalsurban traffic. The test procedures
s part of ISO 362 will provide a measure of the noise emission of different vehicles in typical

edin
small
road
Silent'
5 part
Bhicle
urers.
ssion

The
bpen-
. The
ge of
B, the
ECE).

noise reduction observed in front of buildings measured in the same traffic conditions and ¢luring

edure

(wide-open ft

nn. 4000 £
I

£ ! (I | N 4 [y H ! i £I1QA N
TUWIC, STLUINU altu uimu-ycarl ). vidiTy CUITTTIUTTSYUIatuly TTTPICTiieTiiaturs ur 1ou o4, 1990

urther

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 which cause 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
tire/road noise has been deliberately suppressed, the reported regulated levels do not provide a good
measure of typical vehicle noise in urban ftraffic. Therefore, a new procedure which 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 development for both
directing government policy actions and for indicating to vehicle manufacturers an improved metric for
optimizing vehicle noise emission.
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A.1.3 What is 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 may 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) the way cities are built (primarily the distance between living houses and roads);

b) t 1< autua: tl fo;\; Ul thU IUadO (Ilulllbcl Uf VUh;\;:UO),
c) the road surface as a contributing factor to tire/road noise;

d) the sound path (noise transmission) control between the source and receiver ,(hoise bgrriers, sound
insulation, etc.);

e) the behaviour of drivers, which depends on

- speed limits (traffic laws),

- traffic density,

- road arrangement (traffic lights, corners, etc.),

- driving purpose (commuting, pleasure, commereial, etc.),

-+ enforcement of traffic laws, and

-+ the way the vehicle behaves as an acoustical source under these conditions.
A veliicle noise measurement procedure)intended to describe the actual behaviour should take the actual

driving conditions into account. Because there are many different driving conditions, the|choice of a
“reprgsentative” driving condition isidifficult.

A.1.4 Information from previous traffic noise studies

Actugl driving conditiohs,"do not all have the same influence on road traffic noise. As an example, some
condifions occur on-country roads, where nobody is annoyed by the noise.

In whpt conditions is road traffic noise the most disturbing for dwellers?

A response\to this question has been given by a study 9 see Table A.1.
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Table A.1 — Where are dwellers disturbed by vehicle traffic noise emission?

Street-type

motorway

main streets
main streets
arterials
arterials
arterials

Total number

Percentage o

residental streets

Annoyed Road Annoyed Road
Valowed people Length people Length
in Kph inm in % in %
80 -120 1145 11 250 2,0 6.9
30 13 501 27 060 23,1 16,6
50 42704 109 233 73,0 67,1
60 583 2130 1,0 1,3
70 139 3390 0,2 VA
80 407 4 500 0,7 2,8
100 21 5300 0,0 3,3
pf inhabitants 220 000 58 500 162 863 100 % 100 ¢
100 % 26,6 %

Various Road Catagories in Terms of Network Length and Noise-Affected Reésidents in a Medium-Sized
City (FIGE Stydy from Dec. 98)

+ 3 % of all people feel annoyed from noise emission during<high acceleration

NOTE T4l
quantities and

Inquiries amg

— along urhan main streets, and

— during vehicle acceleration transients.

The mean trd
50 km/h) as 3

16%
14%
12%NS/

0%

26

8%

6%

4%

frequency distribution {distgpfce weighting)

2%

0%

o |

3 B

35 40
vehicle speed in km/h

ng dwellers along various streets show that noise disturbance happens mainly

ble A.1 and all other figures in this Annex are directly cepied from the literature; therefore the notatipns of
units do not always follow the use in this part of ISO 362.

ffic speed is 50 km/h on these main streets (for the roads on which maximum allowed spg¢ed is
hown in Figure A.1 based.an research from Reference [9].

urban main streets,
speed limit = 50 km/h,
a>0m/s?

Figure A.1 — Measured vehicle speed in urban traffic and on the main roads
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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.

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 pracedure was defined which is a compromise between req

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

A.2.2|1 General

The vehicle noise depends mainly on three vehicle parametéts:

Tyre/road noise is incorporated by its\xdépendence on vehicle speed and vehicle acceleration. Tw
parameters, vehicle speed and(Vvehicle acceleration, describe driving behaviour. The vehicl¢ parameters

depend on the driver's commafds (input), but also on the vehicle performance and the traffic env

The third condition, enginerotational speed, is an additional parameter which is managed by the
transmission computer-in ‘the case of automatic transmissions, in order to achieve vehicle acg
vehicle speed. Thus,the urban traffic study has to identify the independent parameters of

lirements.

Nleasure the 90" percentile noise emission in typical urban driving (representative andrepro|
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).

vehicle speed;
Vehicle acceleration (engine load);

gngine rotational speed (for internal-combustion engines only).

vehicle speed, and

Vehicéle'acceleration.

ducible).

pur

o of the three
ronment.

driver, or the
eleration and

In order to obtain this information, a study of the actual urban driving has been performed, including the

following:

a) recording of vehicles in urban traffic;

b) extraction of acceleration phases;

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

e) identification of the corresponding engine rotational speed;
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f)

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 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, a,,.. This way of describing the driver behaviour

will thus be a

pplicable to very different kinds of engines (gasoline, diesel, wankel, hybrid, etc.).

An additional sample of vehicles was studied, and the correlation between q,,; and the PMR has been found.

Since this inf,

necessary fo
the automatis

The test prod

50 km/h;

urban ag

for mand

Automatic trg

behaviour, alitomatic transmissions will provide noise emissions equalto or lower than manual transm

vehicles.

A222 Re

In order to ¢
recorded. Th
19 tons). The
The ratio be
approximatel

The vehicles
parameters (
The distance|
traffic, which
During the rg
about 2 h of ¢

rmation is nnly needed to describe the way the driver manages the available power, it

F manual transmission cars. For automatic transmission vehicles, this parameter is controll
m.

edure is then defined so as to reproduce the noisiest realistic urban driving conditions:

celeration;

al transmission cars: engine rotational speed conditions enabling.a,q.

nsmission vehicles are covered as a subset of manual fransmission vehicles. In actual i

cording vehicle behaviour

ollect data about real urban use, 61 vehicles were driven in cities and their behaviou
s list includes European and Japanese Vvehicles of all types (M1, N1, N2 and one N3
power ranged from 40 kW to 440 kW¢ . whereas the power-to-mass ratio ranged from 12,7 {
tween manual transmissions (52_manual transmission) and automatics (9 including 2
y represents the European market.

were driven in eight different-cities in Europe and Japan. The route selected to record the d
see Figure A.2) is representative of the different types of roadway, having different speed
travelled on each type-of roadway is proportional to the product of the roadway length ar
guarantees the same’ probability of occurrence as for a non-moving observer beside the

riving.

S only
ed by

h-use
ssion

- was
up to
p 380.
CVT)

riving
imits.
d the
road.

cording, the driver’had to maintain normal driving behaviour in the traffic. Recording tim¢ was
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TIME DOMAIN 100

o [VEHICLE SPEED]
- r’_\‘/\‘ f F 75
\_—\H W
\ _ KMH
N s 10
N \ 50
K \'I 2
| Yt
0
00 250 300 350 400
NOVEMBER 07 2000; VEHICLE 12 SECONDS

Figure A.2 — Time history of driving parameters

A.2.2{3 Identification of time events

First,|the acceleration during driving was determined from the driving studies. To provide| a figure for
evaluption, the average value of the acceleration.@ver a 2 s moving period was calculated. The maximum
valueffor each 2 s acceleration phase was extracted (maximum acceleration a,,,), together with the vehicle
speed at which it occurred (v, ,a)- This was cartied out according to the method shown in Figurg A.3.

Vehicle Speed

» Vehicle acceleration

Per acceleration phase,
considered parameters :
max * A"\Zl\
eV

Amax

C Sl
r r
M H N Time 90min
2s

Figure A.3 — Maximum acceleration definition

Each acceleration peak a,,,, was stored together with the speed v and the gearratio as a single event.

a max
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A.2.3 Statistical analysis of in-use data

A.2.3.1 One-dimensional analysis for a single vehicle

The maximum acceleration a,,,, and the vehicle speed v, ., 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 90" percentile of peak acceleration ay,,, go at the most probable
speed (50t percentile) v, max 50 @nd the 90t percentile of peak acceleration a, .90 at the maximum speed
(90t percentile) v, .« 9o @re considered.

JUNE 27 2000; ACc, - PEAK ACCELERATION. 90% FRACTILE CALCULATION
VEHIC. 2 ROAD ALL GEAR 1 VALUES 109 VEHIC. 2 ROAD ALL GEAR 2 VALUES 270

100 100
80 80
% 60 % 60
o 40 & 40 )
o a
20 20
0= 0~ CA
0 1 2 3 4 0 1 2 3 4
VEHIC. 2 ROAD ALL GEAR 3 VALUES 259 VEHIC. 2 ROAD ALL GEAR) VALUES 92
100 100 NN
80 80
E 60 E 60
& 40 o 40
o a
20 20t
]
0- 0. >
1 2 3 4 0 1 2 3 4
VEHIC. 2 ROAD ALL GEAR 5 VALUES 8 VEHIC. 2 ROAD ALL GEAR ALL VALUES 738
100 100 A ~
80 201
é 60 § 60
w 40 w 40
o | a
20 ) 20
\
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0 1 2 3 4 0 1 2 3 4
2 2
ACpeay MIS ACpeax WIS

Figure A.4 — Histograms and.cumulative probability functions of maximum acceleration

JUNE 27 2000; VL{: VEHICLE SPEED AT ACCELERATION PEAK. 50% FRACTILE CALCULATION

VEHIC. 2 ROAD ALK GEAR 1 VALUES 109 VEHIC. 2 ROAD ALL GEAR 2 VALUES 273
100 100
80 80
é 60 é 60
% 4 2 40
o o
- ” H'I'h~
0 0
0 50 100 150 0 50 100 150
VEHIC. 2 ROAD ALL GEAR 3 VALUES 259 VEHIC. 2 ROAD ALL GEAR 4 VALUES 92
100 100
80 / 80 /{
£ £
& 40 & 40
o o
. [ .
0 0 Tﬂ-n-»-._
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Figure A.5 — Histograms and cumulative probability functions of vehicle speed at

maximum acceleration v, ...
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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 a5, and v, 4., 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 V, rcen i - ACce,
VEHIC. 2 ROAD ALL GEAR 1 VALUES 109 VEHIC. 2 ROAD ALL GEAR 2 VALUES 277
6

;
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4
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2 4 E 2 S 2
: »
2 o SS f 3
> o -
0 50 100 150 0 50 100 150
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6
5 8
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=4 4 <4 6
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< < 4
§ 2 2 5 2
R 1 s :
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6 6 2
20
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g 4 15 = 4
< g 1
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> o=
[ 5 o CaS & 0.5
5 > 0 ~ & -
0 50 100 150 0 50 100 150
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Fi

I7e)

ure A.6 — Two-dimensional probability density (a5, v, max) for each gear for vehiclenumber 2

Looking at this diagram, one can“see the maximum value of the acceleration for each gear ratio. The last
grapH of all the gears and allthe  values shows that the maximum acceleration depends on the vghicle speed,
with gcceleration decreasing-with increasing vehicle speed.

It is possible to place i the last graph the points [a,,.490, v, max 50] Corresponding to each gegr ratio using
valuep from Figures A4 and A.5. This has been done in Figure A.7, which includes [a schematic
reprepentation,of Figure A.6. The points [a,,x 90+ V4 max 90l @re also drawn for each gear ratio.
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Acceleration
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entirely abovi
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A.2.4 Maxi

B e el

Figure A.7 — Interpolation at 50 km/h

mum acceleration-and engine speed at 50 km/h

ssing through the points [ay,4x 90, v, max 50] COrresponding to each gear ratio gives an estimjate of
use limit of vehicle acceleration as a function ofvehicle speed. But this lower curve is still pelow
value observed for the acceleration in traffic.\To estimate an acceleration curve representing a
he can also consider the curve passing, through the points [a,.x 90: V4 max 90l- This cufve is
e the maximum acceleration. Thus, the.limit value is somewhere between the two curves.

the two curves at 50 km/h enable$_one to estimate the 90t percentile of the acceleration fpr the
e of the velocity at 50 km/h, and the 90 percentile of the acceleration for the 90t" percentile of
t 50 km/h. The limit value ofithe acceleration at 50 km/h will be somewhere between these two

For each gedr ratio, the vehicle speed corresponds to an engine rotational speed n. To be independgnt of

rated engine

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

and rated engine rotational speed, called n/S. Performing the same interpolation, one can obtain #/S at

50 km/h.

The way this

interpolation is performed is described in Figure A.8, where

— accelerations come from Figure A 4,

— speeds come from Figure A.5 (50t 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
engine rotational speed on the left scale.
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Vehicle Number 2 (Amax)so and (N/S)amaxso
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hg at the detailed results in Figure A.8;%it'can be seen that the engine speed is generally in
par ratio at a,,,, oo- Of course, the vehicle speeds will be different for each gear at the a,,,
pbservation leads to the idea that itis possible to “merge” the results of all gear ratios in o
hge behaviour” at 50 km/h. This\is carried out as follows:

eak accelerations are “compressed” using the ratio (a5 90,50 km/h)/(a,ax00: V.
ear,

ngine speeds areCalculated using v

nterpolationygives the acceleration that would have occurred at the same engine speed
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Figure A.8 — Interpolation (a ;. oo = f(v), 7/S(a,,,,) between gears, for vehicle numh

stage, it is not yet known how to describe precisely-the noisiest behaviour in urban traffic.

Acceleration as a function of enginespeed

4 max), ONne

. max and the corresponding gear ratio.

had been/50 km/h. This leads to the two-dimensional diagram of Figure A.9. The noisiest
traffic;can be found from this diagram.

er2

dependent of
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der to get an

ratio for each
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A.2.6 Noisé behaviour on a test track

In order to sf
way, at least

interpolated hetween a wide-open-throttle sound pressure_level and a constant-speed sound pressure le

Since only th

is needed. This value is measured on a test track.ab different speeds and with all gear ratios. The resul

presented in
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starting spee
of the accele

From these ¢
the quotient 4

TWO DIMENSIONAL PROBABILITY DENSITY
VEHIC. 9 ROAD ALL GEAR ALL VALUES 764

HEAK ACCEL 100% = 3 WS?

10 [\ ,'r’
DN | R
\
A\ 17 I
1

1 o . " I i I
0 10 2 0 0 50 60 70 0 0 10

NS %

& | (= ) (o 2 ) Y ) Y e Y Y Y Y Y ) 2

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

Lidy the partial load vehicle noise, an assumption has to be made that noise behaves in a
as a function of the engine load and engine speed. Under this assumption, the noise V
e acceleration is known, the acceleration ability (wide-open-throttle acceleration) of each v
Figure A.10.

fion is evaluated during a stabilized acceleration starting before the measurement point. Dif}
ation at the measurement-point as a function of the speed at the measurement point.

urves, the 50 km/h value is extracted and is used to calculate the partial load factor defin

ilawot ;

linear
ill be
el.

chicle
Is are

ferent

ds lead to different vehicle 'speeds at the measurement point, which allows a curve to be grawn

ed by
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Figure A.10 — Wide-open-throttle vehicle acceleration (q,,;) = 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

2nd CST
3d CST
80 4nCsT
o 2ndWOT
A 3dWor 0
0 4nWoT
e Polyniormial (2nd WOT)
= Polynomal (3rd WOT)
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65 M/ S$=5500t'mn

& P=352KW

M=1105kg  PIM=49.95W/T
60 Gear 2 ratio : 13.76kmh / 1000/'mg,_ * |V
3,natio: 1931
55 . 4ntio: B3

dB|(A)

bl % K % 40 4 50 % 80 65 0 75 80, 35 90 % 100
VPP Kmih
Vehicle noise emission level cartography{l =¥ (v, i, kp)

Figure A.11 — Vehicle noise emission levels as a function of gear, throttle and vehicl¢ speed

From(the graph of Figure A.11, vehicle accelerationscand the level of noise at 50 km/h are deterrhined in each
gear.|This information can be used to find the iso-noise curve, using a bi-linear interpolation between the full-
load &nd constant-speed measurements as shewn in Figure A.12. This iso-noise curve can be approximated
by a $traight line, defined by the slope at the'intersection between the wide-open-throttle test sound pressure
level find the cruise-test sound pressure-level.

AAcceleration

I-wot, i

Lwol, i+1

iso-noise
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Lcst, i+1

7 Qg A

’---------

L 4

Figure A.12 — Constant-noise curve
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This straight line is placed in Figure A.9 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 90" percentile of the level of noise. The intersection of the tangent to the constant-noise line with
90th percentile acceleration gives the engine speed at the 90t percentile of noise emission.

NOTE iso-noise as used in Figure A.12 is equivalent to “constant noise”.

TWO DIMENSIONAL PROBABILITY DENSITY
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Figure A 43— Definition of (n/S), g ,90 at 50 km/h

The point n/S|at the 90t pergenifile of noise and 90th percentile of acceleration gives the “noisiest” case under
the “highest’| acceleration/and will be retained as the noisiest realistic urban case. This calculation was
performed o each vehicle-tested to develop a database of vehicle performance during urban driving.

A.2.7 Average behaviour during urban driving

Results fromls2vehicles—with-manual-gearbox—were—analysedaccording-to-the-above-descrbedpracedure.
The nine additional vehicles with automatic gearbox were analysed separately. For these vehicles, the 90t
percentile peak acceleration at 50 km/h and the corresponding engine rotational speed n/S have been
correlated to the power-to-mass ratio (PMR). A logarithmic regression has been performed for
12 < (PMR) < 400 and is shown in Figures A.14 and A.15.
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Figure A.14 — Regression curve a ., = f(PMR) (52 vehicles)
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Figure A.15 — Engine speed at maximum acceleration and 50 km/h — Regression curve (x/S at 90th
percentile sound pressure level, 90th percentile acceleration level, and 50 km/h) as a function of the
power-to-mass index (PMR) (52 vehicles)
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Examining these figures, it can be concluded that

to the power-to-mass ratio (PMR),

the peak

weakly d

These conclusions are consistent with intuitive expectations of vehicle behaviour in real traffic. A driver uses

the accelerat
acceleration

mass ratio vd
higher power
show that url
the statistical

A.2.8 Wide

A.2.8.1

For manual fransmission vehicles, the engine speed is not known. It depends on the gear ratio, wh

selected by t
power (PMR

On a test tra
distance of (3

The values a

From these d

The interpold

Individual vehicle analysis

acceleration in urban traffic increases with the PMR, and

ependent on the vehicle speed (for 30 km/h < vehicle speed < 60 km/h).

capability used is higher for lower power-to-mass ratio vehicles and lower for higher po
hicles. The corollary result is that lower power vehicles use higher engine rotational speed
vehicles use lower engine rotational speeds. The results for automatic transmission ve
an acceleration and engine rotational speeds are less. These vehicles have not,been inclu
curves as the manual transmission results define the worst case (highest) sound pressure

~open-throttle acceleration

he driver. A typical driver tries to keep an acceleration reserve which depends on the avg
ck complying with ISO 10844, measurements were-performed with wide-open throttle and
0 m + vehicle length) for each gear .

ot ; @S a function of vehicle velocity were.récorded and are shown in Figure A.10.

urves, the 50 km/h value was obtained:

tion factor, & ,

.» between gears\i and (i + 1) was then calculated, using the statistical va

S)ag0 —(118)(i11)

(n/S)ago
/
by =
(n
Finally, the

rotational spg

Awot 50

1S), _(n/S)(i+1)

wide-open-throttle acceleration at 50 km/h with the corresponding non-dimensional €
ed at the/90th percentile of noise was calculated:

Awét (i%1) + kn [(awoti — Aot (i+1)]

the urban traffic behaviour described by peak acceleration and engine rotational speed is well correlated

the engine rotational speed at which this peak acceleration takes place decreases with the PMR and it is

icle's
er-to-
, and
icles

ich is
ilable

of the car. The acceleration capability under typical urban’driving conditions must be determined.

on a

ue of

ngine

as shown in Figure A.16.
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Figure A.16 — Determination of wide-open-throttle accelération a,; 5,

A.2.8|2 Statistical analysis of wide-open-throttle acceleration

The measurements were performed for 127 vehicles. These were\different from the vehicles|used for the
initial[in-use driving behaviour studies. The logarithmic regression through the individual vehicle [, 59 points
as a function of the power-to-mass ratio gives a,,; o and is represented in Figure A.17 for 20 < HMR < 220.

Vehicle Class M1,N1,N2,N3 : Wide Open Throttle Acceleration ANOTypp-=sokmin
calculated using Noise Test Track Data (mechanical transmission)

4 AWOTVPPS0 15.09.2003 127 vehicles calculatedwith NISL9O
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Figure A.17 — Regression curve a, s as a function of the power-to-mass ratio (127 vehicles)

The wide-open-throttle acceleration, a,, o at the same peak acceleration engine rotational speed, (n/S); g,
which was measured in urban traffic, increases with the power-to-mass ratio. Also, the wide-open-throttle
acceleration, a,,.; s, at the same engine rotational speed as the urban traffic peak acceleration (n/S);qq is
almost always greater than the urban traffic peak acceleration, i.e. a4 ref > @max 90-
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A.2.9 Partial power factor, 4o

A parameter (1 - kp) is defined as the ratio of the vehicle urban traffic peak acceleration a,,, g9 to the vehicle
wide-open-throttle acceleration a, s at the same engine rotational speed (n/S);oo and at the same vehicle

speed:

a

1—kp =

—max%0 for vehicle velocities at (1/S) ;o
a

wot ref

If vehicle velocities are 50 km/h

1-kp

W|th aﬁnax 90 I
to 90t perce
which the dri

[*max90

[ wot ref

heasured at 50 km/h and q,,; measured at 50 km/h, and a non-dimensional engine speed
htile noise emission. With this definition, (1 — kp) can be interpreted as the accgleration re
er maintains above the maximum acceleration used in urban traffic.

Vehicle Class M1,N1,N2,N3 : Kp torque factor calculated with Ayran andh Ayt
(mechanical transmission)
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Figure A.18 — i factor

A.2.10 Ne

W method for measuring 90th percentile level of noise

equal
serve

The analysis of vehicle in-use driving behaviour and vehicle noise emission behaviour leads to the following

procedure to

vehicle s

40

vehicle at peak acceleration, a

measure a condition representing the noisiest realistic urban traffic condition:

peed of 50 km/h;

wot refs

partially open throttle (partial power factor).
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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 to the formula

Dwot test, j = [(VBB' 13,6)" ~ (van /376)2]/2(120 +lret )

Where
awottest,; 1S the numerical value of the acceleration, expressed in metres per segond suared;

veg' vaar  are numerical values of the velocity, expressed in kilometres perhour;

I50, lref are numerical values of the length, expressed in metres.

A.2.11 Vehicle noise emission for partial throttle
The yehicle noise emission L., for partial power is simulated by the combination of two test|results using
the hypothesis that for one vehicle speed and one engine rotational speed, the vehicle sound prgssure level is
propdrtional to the engine torque:

— the wide-open-throttle test in which the vehicle accel€ration reaches the a,,.; o acceleratipn and emits
the measured level of noise L, rep;

— the constant-speed test (50 km/h) with the vehicle emitting the measured level of noise L 4.

The flnal result is given by the weighted average of these two results:

L

N

urban ~ Lwot rep kP(Lwot rep ~— Zcrs rep)

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

The ide-open-throttle acceleration a,u o is simulated by the combination of the ayu; gnd ayg(;+ 1)
accelerations corresponding to the two i and (i + 1) gears with

Awot (i + 1) < Gwot ref < Awot i and

==

= (awetref ~ Fwot (i+ 1))/(awot i~ Awot (i + 1))

where k7s 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 L., Or constant-speed level of noise L., Of @ 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.

Lwot rep = Lwot @i+1) + k(Lwot i Lwot (i+ 1))

Lers rep — Lers i+1) + k(Lcrs i~ Lers (i+ 1))
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The sound pressure level L., (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, L4, 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 Reference values coming
Formulas used for the test type approval test from statistical investigations
Calculate the power to mass ratio for the car
Pick up reference acceleration A, for WOT test Ayor = 1.59 Log (P/M) + 1.41 |
Perform measurement of noise level and acceleration
under WOT condition for two different gears i and i+1

NOTE Th

A.2.14 Pe

During urban
which is me
measured for

Lwot = Lwot(iﬂ) +k \Lmt(i)' Lwot(iﬂ)) VVelgﬁ'fed ‘combination of the resuns
k= (Ayor - a41) (3 - 3,y) according to the reference acceleration

Perform measurement of noise level
for constant driving for two different gears i and i+1

L= Lcs(('rH) +k (me' Lcs((iH)) Weighted combination of the results
k= (Ayor - &g | (@~ a,,,) according weighting factor for the WOT test
| Pick up target acceleration a,,,, | a0 = 0.63 Log (P/M) - 0.09 1
| Ko =1 - (@ 00 | Avor )>| Calculate part power factor |
—
L=L, - Kollyor - Lest) | Calculate noise level representing urban driving |
Reported result of
the type approval test

Figure A.19 — Pass-by noise measurement procedure

s is only a conceptual flow diagram. Refer to the actdal procedure for specific requirements.

riod exceeding the measured level of noise

driving, what is the time percentage during which the vehicle level of noise exceeds th
hsured according to the suggested procedure? Figure A.20 describes a vehicle noise

all throttle conditions, all geariratios and all vehicle speeds.
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Figure A.20 — Maximum level of noise emitted by vehicle in urban driving conditions
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Knowing that the noise emission is a function of the partial power, gear ratio and vehicle velocity, it is possible
to compute an instantaneous urban traffic noise emission for a vehicle. The required information is vehicle
speed, the gear ratio and the vehicle acceleration during driving time. This results in noise emission as a
function of time.

The maximum level of noise of the acceleration phases is statistically analysed. Figure A.20 is the two-
dimensional probability density diagram of the maximum level of noise of a vehicle at the speed at which
maximum noise takes place. As an example, this vehicle's measured sound pressure level is 70 dB according
to this procedure.

It can be seen that on an urban route, the maX|mum n0|se emission for the acceleratlon phase does not

exceec
excef
spee(

A.2.1
not ¢

The {
urban
at 50

t for a smaII percent (2 % in the glven example) of accelerat|on phases under 50 km/h a
s greater than 50 km/h.

5 Summary of procedure for categories M1 and M2 having maximum- authot
xceeding 3 500 kg, and category N1

rocedure defined in this part of ISO 362, outlined in Figure A.19, enables one to measu
traffic sound pressure level during the driving phase causing most disturbance, i.e. accele
km/h. The measured sound pressure level corresponds to the 90t percentile of the m4

emitted during the acceleration phases in urban traffic. The method provides excitation of all sign

noise
This

when
Road
havin

sources to provide the 90t percentile estimate of a vehicle's\noise emission in an urban
hoise estimate should provide good correlation to actual vehicle noise emissions in the
the road surface is in good condition and approximatesthe noise characteristics specified i
surfaces of this type are presently in use, with road>surfaces specifically designed to be
h lower noise emission levels than the ISO 10844 siitface for typical M1 and N1 vehicles.

This ethod takes into account real driving behavioury which depends on the acceleration potent

powe
indep
engin
adapt

r-to-mass ratio of a vehicle. The method isbased on the performance criteria of acceld
endent of the vehicle technology, transmission type, number of transmission gears, an
e. These performance criteria make Ahis method applicable to current and future vehic
ive automatic transmissions, hybrid-vehicles, electric vehicles and fuel cell vehicles.
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