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

An extensive review was conducted of actual in-use vehicle operations, beginning with data from the
TUV Automotive study in the early 1990s and continuing with data developed through other committee
members from 1996 through 2000. It includes nearly 100 vehicles operated on a variety of urban roads
in Europe and Asia. The primary focus of the in-use measurements was to determine how vehicles
are driven with a variety of vehicles, driving behaviours, and traffic situations. The in-use behaviour
determined from these studies was successfully correlated to urban traffic use in the United States by
evaluation of the fuel economy test cycles used by the United States Environmental Protection Agency

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

The procediire defined here provides a measure of the sound pressure level from vehicles 1I1nder

controlled apd repeatable conditions. The definitions have been made according to the requiren
of vehicle categories. In cases of vehicles other than very heavy trucks and buses, the working g
found that attempts to conduct a partial load test as in actual use resulted in considerable run-t
variability that significantly interfered with the repeatability and reproducibilityzef’the test
Therefore, fwo primary operating conditions (i.e. a wide-open-throttle acceleration phase 3
constant spged phase) were used to guarantee simplicity. The combination was found to be equiv
to the partidl throttle and partial power (engine load) actually used.

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

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

This documént was developed following demands for a new test procedure considering the follow
“The teqt procedure (ISO 362) doesn't reflect realistic driving conditions” (1996 EU Green Pay

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

— “A new |measurement/procedure should require that the major noise sources of a vehic
measure¢d” (2001 Noise Emission of Road Vehicles - I-INCE).

This documgnt, while/maintaining the same technical procedures as the previous edition, has
revised basgd on practical experience to provide additional clarification where multiple interpretd

hents
roup
h-run
cycle.
nd a
alent

cided
iture
pvant
ween

rtical
ation
ty of
tests.

ing:
er);

noise

le be

been
tions
hd to

were possibfle; te ‘provide additional equivalent test modes for heavy commercial vehicles, a

incorporate lpravisions for addressing and including in the measurement external sound systems for

M1 and N1 category vehicles.
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Acoustics — Engineering method for measurement of
noise emitted by accelerating road vehicles —

Part 1:
M and N categories

1

This
categ
whic

N

The {
duriry

The
reprq

The
Such

NOTEH
condi
differ
annoy
envir
speci

NOTH
meas

statedl in this doclfiment, the results obtained can deviate appreciably from the results obtair

speci

cope

document specifies an engineering method for measuring the noise emitted by roa
ories M and N under typical urban traffic conditions. It excludes vehicle§)df categor

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

method is designed to meet the requirements of simplicity as far as they are con|
ducibility of results under the operating conditions of the vehicle.

est method requires an acoustical environment that.js‘obtained only in an extensive
conditions are usually provided for

ype approval measurements of a vehicle,

heasurements at the manufacturing stage,and

heasurements at official testing stations.

1  Theresults obtained by this niethod give an objective measure of the noise emitted undet
Lions of test. It is necessary to, consider the fact that the subjective appraisal of the noise
ent classes of motor vehiclesds\hot simply related to the indications of a sound measureme
rance is strongly related to_personal human perception, physiological human conditions,
bnmental conditions, there.is a large variation and it is, therefore, not useful as a parameter]

ic vehicle condition.

2 Spot checks“of 'vehicles chosen at random are rarely made in an ideal acoustical en|
irements are eatrried out on the road in an acoustical environment that does not fulfil the

ied conditiens.

2 l}lormative references

d vehicles of
y L1 and L2,

h are covered by ISO 9645, and vehicles of category L3, L4, and L5, which-are covered lyy ISO 362-2.

oise sources

sistent with

open space.

the specified
Annoyance of
nt system. As
culture, and
to describe a

vironment. If
requirements
ed using the

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 362-3, Acoustics - Measurement of noise emitted by accelerating road vehicles - Engineering method,
Part 3: Indoor testing M and N categories

[SO 1176, Road vehicles — Masses — Vocabulary and codes
[SO 2416, Passenger cars — Mass distribution

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

© IS0 2022 - All rights reserved
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ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in

measuremen

t (GUM:1995)

IEC 60942, Electroacoustics — Sound calibrators

IEC 61672-1,

3 Terms

Electroacoustics — Sound level meters — Part 1: Specifications

and definitions

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

following ap

ly.

ISO and IEC

IEC Elec

3.1 Vehic

3.1.1

kerb mass
complete sh
plus the ma
exceeding 3

lubrican

— fuel (tan

other ed
extingu

Note 1 to enty
to the definit

[SOURCE: IS

3.1.2
maximum 4
kerb mass (3

3.1.3

maintain terminological databases for use in standardization at the following address

ISO Online browsing platform: available at https://www.iso.org/obp

tropedia: available at https://www.electropedia.org/

le mass

pping mass of a vehicle fitted with all standard equipmentwecessary for normal oper
5s of the following elements for M1, N1, and M2 havintig a maximum authorized mag
500 kg:

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

uipment if included as basic parts for thevehicle, such as spare wheel(s), wheel chock
sher(s), spare parts, and tool kit

y: The definition of kerb mass can vary from country to country, but in this part of ISO 362, it
on contained in ISO 1176.

D 1176:1990, 4.4 and 4.6—modified.]

uthorized mass
.1.1) plus the ntaximum allowable payload

unladen vehicle mass

nominal ma
than 3 500 K

5s of a,.complete N2, N3, or M2 vehicle having a maximum authorized mass (3.1.2) gn
g oranh M3 vehicle as determined by the following conditions:

ation
S not

5, fire

refers

eater

mass of

a)

the vehicle includes the bodywork and all factory-fitted equipment and electrica

] and

auxiliary equipment for normal operation of the vehicle, including liquids, tools, fire extinguisher,
standard spare parts, chocks, and spare wheel, if fitted;

b)

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

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

3.14
mass of the

driver

nominal mass of a driver

3.1.5

mass in running order
nominal mass of a vehicle as determined by the following conditions:

© IS0 2022 - All rights reserved
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he mass is taken as the sum of the unladen vehicle mass (3.1.3) and the driver's mass;

b) in the case of category M2 and M3 vehicles that include seating positions for additional
crewmembers, their mass is incorporated in the same way and equal to that of the driver

c) mass in running order mathematically rounded, reported, and used for calculations to a precision
of 10 kg (xxxx0)

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

3.1.6

maximum axle (group of axles) capacity

perm
as de

3.1.7
unla
actud
rear

Note

3.1.8

issible mass corresponding to the maximum mass that can be carried by the axle (gr
fined by the vehicle manufacturer, not exceeding the axle manufacturer's specificatio

len axle load
| mass carried by the axle (or group of axles) in an unladen condition, €ither in the
pf the vehicle

[ to entry: The unladen vehicle mass is equal to the sum of the unladen axtes (or group of axle

extra loading

mass|

3.19

which is added to the unladen vehicle mass (3.1.3)

laden axle load

actug
the v

3.2

powg
PMR|
dime

wher]

n

3.2.1]

I mass carried by the axle (or group of axles) i a' laden condition, either in the front d
chicle

br-to-mass ratio index

hsionless quantity used for the calculation of acceleration according to the following f|

Pn
MR=—"--1 000
mI‘O

. isthe nimerical value of total engine power, expressed in kilowatts;

1., isthe'numerical value of the mass in running order, expressed in kilograms;

total

engine power

bup of axles)
NS

front or the

5) load.

r the rear of

ormula:

sum of all power from available propulsion sources

3.3

rated engine speed

S

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

Note 1 to entry: If the rated maximum net power is reached at several engine speeds, S used in this document is

the hi

ghest engine speed at which the rated maximum net power is reached.

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

3.4.1
category L

motor vehicles with fewer than four wheels

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

3411
category L1
mopeds

and L2

Note 1 to ent

3.4.1.2
category L3

two-wheeledl motor vehicles with an engine cylinder capacity greater than 50 cm3 diymaximum §

greater than

3.4.1.3

category L4
three-wheel
greater than

3.4.1.4

category L5
three-wheel
greater than
symmetrica

3.4.1.5
category L6
four-wheele
batteries in
whose engirj
maximum n
whose maxi

3.4.1.6

category L7
four-wheele
more than 4
batteries in

15 kW

y: See IS0 9645 for further details.

50 km/h

ed motor vehicles with an engine cylinder capacity greater than 50 cm3 or maximum §
50 km/h, the wheels being attached asymmetrically along.the longitudinal vehicle ax

ed motor vehicles with an engine cylinder capacity greater than 50 cm3 or maximum §
50 km/h, having a gross vehicle mass ratingsot exceeding 1 000 kg and wheels attz:
ly along the longitudinal vehicle axis

l vehicles whose unladen mass-is-not more than 350 kg, not including the mass g
the case of electric vehicles, whose maximum design speed is not more than 45 km/
e cylinder capacity does notexceed 50 cm3 for spark (positive) ignition engines, or W
bt power output does notexceed 4 kW in the case of other internal combustion engin
mum continuous rated power does not exceed 4 kW in the case of electric engines

1 vehicles, othér than those classified as category L6 (3.4.1.5), whose unladen mass
00 kg or 550 kg for vehicles intended for carrying goods, not including the mass
Lhe case.of’electric vehicles, and whose maximum continuous rated power does not ej

peed

peed
is

peed
iched

f the
h and
rhose
es, or

s not
f the
kceed

3.4.2

category M
power-drive

3.4.2.1

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

category M1
vehicles used for the carriage of passengers and comprising no more than eight seats in addition to the

driver's seat

© IS0 2022 - All rights reserved
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3.4.2.2

category M2

vehicles used for the carriage of passengers and comprising more than eight seats in addition to the
driver's seat and having a maximum mass not exceeding 5 000 kg

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

3.4.2.3
category M3

vehicles used for the carriage of passengers and comprising more than eight seats in addition to the
driver's.seat and hnving amaximum mass m(rppr]ing 5000 kg

Note [ to entry: In this definition, “maximum mass” is equivalent to “maximum authorized mass/’ tiged elsewhere
in thif document.

3.4.24

incomplete vehicle of category M2 or M3
incomplete vehicle with just chassis rails or tube assembly, power train, and axles, which ig intended to
be completed with bodywork, customized to the needs of the transportoperator

3.4.3
category N
powser-driven vehicles having at least four wheels and used forthe carriage of goods

3.4.31

category N1
vehidles used for the carriage of goods and having a‘maximum authorized mass (3.1.2) npt exceeding
3500 kg

3.4.3.2

category N2
vehidles used for the carriage of goodsjand having a maximum authorized mass (3.1.4) exceeding
3 500 kg but not exceeding 12 000 kg

3.4.3.3

category N3
vehidles used for the carriagé of goods and having a maximum authorized mass (3.1.4) exceeding
12 000 kg

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

— fprcategory M1 and N1 vehicles and M2 having a maximum authorized mass not exceeding 3 500 kg
point on the vehicle as follows:

—forfrontengine vehicles; the frontend of the vehicte;
— for mid-engine vehicles, the centre of the vehicle;
— for rear-engine vehicles, the rear end of the vehicle
Note 1 to entry: For vehicles having multiple propulsion sources, the reference point is determined by the position

of the propulsion source having the highest power. If there are multiple propulsion sources of equivalent power,
then the position of the most forward propulsion source shall prevail.

© IS0 2022 - All rights reserved 5
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— for category M2 having a maximum authorized mass exceeding 3 500 kg, M3, N2, and N3 vehicles

point on

the vehicle as follows:

— for front-engine vehicles, the front end of the vehicle;

— for all other vehicles, the border of the engine closest to the front of the vehicle

3.6
target accel
acceleration

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

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

3.7
reference a
required acd

Note 1 to ent

3.8
gear ratio \
k

dimensionle
the constant

39

partial power factor

kp

dimensionle
and the con
mass (3.1.2)

Note 1 to ent

3.10
pre-acceler

application ¢f acceleration control deyice prior to the position AA' for the purpose of achieving s

acceleration
Note 1 to enti

3.11
locked gear
control of tr

3.12
engine

cceleration
eleration during the acceleration test on the test track

y: Refer to Annex A for more detailed explanations.

feighting factor

5s quantity used to combine the test results of two gear ratiQs for the acceleration tes
-speed test

ctant-speed test for vehicles of categories: M1, N1, and M2 having a maximum authd
not exceeding 3 500 kg

y: Refer to Annex A for more detailed explanations.

ntion

between AA' and BB'

y: See Figure 1 for additional details.

ratio
hnsmissien'stch that the transmission gear cannot change during a test

e without detachable accessaories

power sourd

t and

5s quantity used for the weighted combinatien of the test results of the acceleration test

rized

table

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

3.13

test track length

lo
length of tes

3.14

t track used in the calculation of acceleration from points PP' to BB’

test track length

I
length of tes

t track used in the calculation of acceleration from points AA' to BB’

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=1b7bae2ec814b0af8b201eb2988a102b

3.15

ISO 362-1:2022(E)

target engine rotational speed

ntarget BB’
interval between 70 % and 74 % of the speed S for vehicles of category M2 having a maximum authorized

mass (3.1.2) exceeding 3 500 kg and N2 and an interval between 85 % and 89 % of the speed S for

vehic

3.16

les of category M3 and N3

target vehicle speed

Vtarge
vehic

t BB’
le speed of 35 km/h + 5 km/h

3.17

kickdown

drive
Note

3.18

prev
meas
cond

3.19

stabl
accel
simil
consj
lengt]

3.20
exte}
any s

Note
exhay

r activated automated gearshift to a test condition outside the target conditions

[ to entry: The target conditions are defined in this document.

pntion of downshift
ure by the vehicle manufacturer to ensure that the vehicle is<teésted within its sp|
tions

e acceleration

eration which avoids unsteady accelerations such as.ligging, jerking, hesitation, del
hr effects. When acceleration is calculated as part-0ofthe measurement, stable accelera
stent acceleration over the complete measurement distance between AA' and BB’ pluy|
h.

[ior sound enhancement system
ystem installed on the vehicle forptroducing sound

1 to entry: Exterior sound enharnicement systems may be integrated into other component
st, or may be independent units:

ecific target

hy's, or other
tion means a
s the vehicle

5, such as the

4 Symbols, terms and abbreviated terms
Tablg 1 lists the symbals, terms, and abbreviated terms used in this document and the sub¢lause where
they pre used for thefirst time.
Table 1 — Symbols and abbreviated terms used and corresponding clausels
Sybol Unit | Subclause Explanation
AA' 3-10 L;uc PC[ l_lClld;\—u‘lCll tU vch;\.lc tl qVCl VVh;\'h ;ud;\.atco bcbinning Of
zone in which to record sound pressure level during test
a; m/s? A.2.6 Partial throttle acceleration in gear ratio I; value to be reported and
used for calculations to the second decimal place (x,xx)
pax m/s? A.2.2.3 Maximum acceleration during an acceleration phase measured in
in-use studies
Anax.90 m/s? A2.3.1 90th percentile of maximum acceleration during an acceleration
phase measured in in-use studies
Qe m/s? A2.2.1 In-use acceleration measured in urban traffic for a specific vehicle
Aace.50 m/s? A.2.8.1  |Acceleration at 90th percentile of noise emission and 50 km/h vehi-
cle velocity for a specific vehicle
Aace i m/s? 5.1 Acceleration in gear ratio I; value to be reported and used for calcu-
lations to the second decimal place (x,xx)
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Table 1 (continued)
Symbol Unit | Subclause Explanation
Aace (i +1) m/s? 5.1 Acceleration in gear ratio (i + 1); value to be reported and used for
calculations to the second decimal place (x,xx)
Qacc test m/s? 5.1 Acceleration in single gear ratio test cases; value to be reported and
used for calculations to the second decimal place (x,xx)
Aace ref m/s? 5.4 Reference acceleration for the acceleration test; value to be report-
ed and used for calculations to the second decimal place (x,xx)
Qyrban m/s? 5.3 Target acceleration representing urban traffic acceleration; value to
be reported and used for calculations to the second decimal place
(x,xx)
BB' — 3.10 Line perpendicular to vehicle travel which indicates end ¢f\zong in
which is 10,00 m behind line PP’
cC' — 8.1 Centre line of vehicle travel through test surface as-defined in
ISO 10844
61-67 dB B.2 Input quantities to allow for any uncertainty
gear ratig i — 8.3.1.3.2 |Gear ratio which provides an acceleration‘within the 5 percent
tolerance of the reference acceleration &, . ..¢ Or greater than the
reference acceleration a, . .of
gear ratio (+ 1) — 8.3.1.3.2 |The second of two gear ratios, with)an acceleration lower than gear
ratio I
gear ratio [+2, 8.3.1.3.2 |Gear ratios selectable, if gearyatio i and gear ratio i + 1 exceed fn
i+3, ... acceleration of 2,0 m/s?
gear x — 8.3.2.3.2 |First of two gear ratiosused for testing of M2 having a maximum
authorized mass of.fnore than 3 500 kg, M3, N2, and N3 where ¢er-
tain criteria on test conditions are met
geary — 8.3.2.3.2 |Second of twogear ratios used for testing of M2 having a maxihum
authorized nrass of more than 3 500 kg, M3, N2, and N3 where ¢er-
tain critépia on test conditions are met
j — 521 Indexfor single test run within overall acceleration or constant
speed test seriesior (i + 1)
kp — 39 Partial power factor; value to be reported and used for calculatfions
to the second decimal place (x,xx)
k — 38 Gear ratio weighting factor; value to be reported and used for dalcu-
lations to the second decimal place
k, — A.2.8.1 Interpolation factor between gears
Les m 5.1 Reference length
Lyen m 5.1 Length of vehicle; value to be reported and used for calculations to a
precision of 0,01 m (1 cm)
l1o m 3.13 Length of test section for calculation of acceleration from PP' tq BB'
120 11T 3-14 LCllsth Uf tCDt JC\"\:;UII f\)l \,al\,ulatiuu Uf GLDC}CI at;uu fl UIll AA' tU BB'
- dB 8.4.3.2 Vehicle sound pressure level at constant speed test for gear i; value
to be reported and used for calculations to the first decimal place
(xx,x)
Lersiivn dB 8.4.3.2  |Vehicle sound pressure level at constant speed test for gear (i + 1);
value to be reported and used for calculations to the first decimal
place (xx,x)
Lersrep dB 8.4.3.2  |Reported vehicle sound pressure level at constant speed test; value
to be reported and used for calculations to the first decimal place
(xx,x)
Lace,i dB 8.4.3.2  |Vehicle sound pressure level at acceleration test for gear i; value
to be reported and used for calculations to the first decimal place
(xx,x)
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Table 1 (continued)
Symbol Unit | Subclause Explanation
Lacc(i+1) dB 8.4.3.2 Vehicle sound pressure level at acceleration test for gear (i + 1);
value to be reported and used for calculations to the first decimal
place (xx,x)
Lacerep dB 8.4.3.2 Reported vehicle sound pressure level at acceleration; value to be
reported and used for calculations to the first decimal place (xx,x)
L rban dB 8.4.3.2 Reported vehicle sound pressure level representing urban opera-
tion; value to be reported mathematically rounded to the nearest
integer (xx)
Mo ramax kg 8.2.2.1 Maximum rear axle capacity
Macka,max (chosen) kg 8.2.2.2.4 |Technically permissible maximum laden mass alléwed for the cho-
sen rear axle (as defined in 8.2.2.2.4)
MipassisM2M3 kg 8.2.2.1 Mass of the incomplete vehicle (M2 or M3)

my kg 2.2.1 Mass of the driver

M, load laden kg 8.2.2.2.2 |Laden front axle load

M 1oad unladen kg 8.2.2.1 Unladen front axle load
Mg, (rf) load,unladen | K8 8.2.2.2.4 |Measured unladen front aXl¢-load of the virtual vehiclewith more
than two axles

M2 load,laden kg 8.2.2.2.2 |Laden rear axle load

M}, \oad,unladen kg 8.2.2.1 Unladen rear axle’load
m., kg 2.2.1 Mass in running order
M, kg 3.2 Test masseof'the vehicle
Mg 2 axles virtual) kg 8.2.2.2.4 |Test mass of a virtual vehicle with two axles (4x2 or 4x{)
My, rget kg 8.2.2.1 Target mass of the vehicle
M nladen kg 8.2.2.1 Usladen vehicle mass
Myfjaden (2 axles kg .2.2.2.4 | Unladen vehicle mass of the virtual vehicle with two ax]es
virtual)
Mload kg 8212.1 Extraloading
Mlioad (2 axles kg 872.2.2.4 |Extraloading for the virtual vehicle with two axles
virtual)

MyloadM2M3 kg 8.2.2.1 Extra load to be added to the incomplete vehicle (M2 orfM3) to
reach the mass of the vehicle in running order as chose by the
manufacturer

n — 8.3.1.3.2 |Gear index number (see Note 3)
n 1/min A2.4 Engine rotational speed of the vehicle

Npp' 1/min 9 Engine rotational speed of the vehicle when the reference point
passes PP value tobe reportedandused forcaleulatiohs to a preci-
sion of 10 min! (xxx0)

Ngg' 1/min 8.3.2.1 Engine rotational speed of the vehicle when the reference point
passes BB'; value to be reported and used for calculations to a preci-
sion of 10 min! (xxx0)

nggty, 1=1,2 1/min 8.3.2.3.3 |engine rotational speed when the reference point passes BB' when
certain conditions are met

Nmax’ 1/min 8.3.1.3.2 |Maximum engine rotational speed permitted for M1, N1, and M2
less than 3 500 kg; value to be reported and used for calculations to
a precision of 10 min (xxx0)
Niarget BB’ 1/min 8.3.2.2  |Target engine rotational speed of the vehicle when the reference

point has to pass line BB’ (see 5.1 for definition of reference point)
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Table 1 (continued)
Symbol Unit | Subclause Explanation
n/S) 4 90 — A.2.81 Dimensionless engine rotational speed ratio at 90th percentile
acceleration
(n/S) 90 — A.2.6 Dimensionless engine rotational speed ratio at 90th percentile noise
emission
(n/S); — A.2.8.1 Dimensionless engine rotational speed ratio at maximum accelera-
tion of i gear
(n/S)i+1 — A.2.81 Dimensionless engine rotational speed ratio at maximum accelera-
tion of (i + 1) gear
PMR — 3.2 Power-to-mass ratio index to be used for calculations (abbreVvi
ation); value to be reported and used for calculations to the firdgt
decimal place (xxx,x)
P, kw 3.2 Rated total engine power (see ISO 1585 for combugstien engineg)
PP’ — 3.13 Line perpendicular to vehicle travel that indicateslocation of nficro-
phones
S 1/min 3.3 Rated engine rotational speed in revolutions per minute, synornfy-
mous with the engine rotational speed at maximum power
Vap km/h 5.1 Vehicle velocity when reference poifit passes line AA' (see 5.1 fdr
definition of reference point); value)to be reported and used for
calculations to the first decimalplace
Vpp' km/h 5.1 Vehicle velocity when reference point or reference length passes
line BB' (see 5.1 for definitjon of reference length and see 3.5 fofr
definition of referencepoint); value to be reported and used for
calculations to the firxst'decimal place
Vg1 km/h 8.3.2.3.3 |Target vehicle vélgéity when certain conditions are met
Vpp2 km/h 8.3.2.3.3 |Target vehicle'yelocity when certain conditions are met
Vppr km/h 5.1 Vehicle velecity when reference point passes line PP’ (see 5.1 for
definition of reference point); value to be reported and used fo
calculations to the first decimal place
Viarget BYf km/h 8.3.2.2 Target vehicle velocity when it is necessary that the reference goint
pass line BB’ (see 5.1 for definition of reference point)
Viest km/h 8.3.1.2 Target vehicle test velocity
Vamax 5( km/h A2.371 50th percentile vehicle velocity at maximum acceleration during an
acceleration phase measured in in-use studies
Vamax 94 km/h A.2.3.1  |90th percentile vehicle velocity at maximum acceleration during an
acceleration phase measured in in-use studies
vrf — 8.2.2.2.4 |Vehicle with more than two axles representing the vehicle family
5 Specification of the acceleration for vehicles of categories M1 and M2 having a

maximum authorized mass not exceeding 3 500 kg and of category N1

5.1 General

All accelerations are calculated using different speeds of the vehicle on the test track. The formulae
given in 5.2 are used for the calculation of @, j, Gycc (i + 1), aNd Gycc rese- The speed either at AA" (v, o) or
PP’ (vpp') is defined by the vehicle speed when the reference point passes AA' or PP". The speed at BB’
(vggp') is defined when the rear of the vehicle passes BB' or the front of the vehicle passes BB’ + 5 m if
l..¢is chosen as 5 m. The method used for determination of the acceleration shall be indicated in the test
report

Due to the definition of the reference point for the vehicle, the length of the vehicle is considered to be
different in Formulae (1) and (2). If the reference point is the front of the vehicle, [ ;= [}, i.e. the length
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of vehicle; if the reference point is the midpoint of the vehicle, .= 0,51

ref = (i.e. 0,5 times the length of
vehicle); if the reference point is the rear of the vehicle, [ ;= 0.

veh

At the choice of the vehicle manufacturer, front engine vehicles may use /

vehicles may use [ ;= 2,5m

ref = 5 m, and mid engine

The dimensions of the test track are used in the calculation of acceleration. These dimensions are
defined as follows: I, = 20 m, [;, = 10 m.

Due to the large variety of technologies, it is necessary to consider different modes of calculation.
New technologies (such as continuously variable transmission) and older technologies (such as
automatic transmission) that have no electronic control require a more specific treatment for a proper
determination of the acceleration. The given possibilities for calculation of the acceleration shall cover
thesq requirements.

5.2 | Calculation of acceleration

5.2.1] Calculation procedure for vehicles with manual transmission,automatic trangmission,
ada[tive transmission, and continuously variable transmission (CVT) tested with locked gear
ratio|

The yalue of a, . used in the determination of gear selectionshall be the average of the four a
valugs during each valid measurement run.

Calcylate a, test, j using Formula (1):

acc,test, j

(veg,; /3.6)" ~(van, /3,6)°

acc,test,j
2(120 +Iref )
wherje
Qace test, j is the numerical value of the acceleration, expressed in metres per second squared;
Vg’ j» Vaa,;  are numericalvalues of the velocity, expressed in kilometres per hour;
Lyoo Lot are numerkical values of the test track length and reference length, expressged in metres.

Pre-gcceleration can be wsed.

Each|a, c test, j Shallbe reported to two significant digits after the decimal place (x,xx). Cplculation of
e tdst Shall usegach a, oo ;and the final reported a, . (.5 Shall be reported to two sign|ficant digits
after|the decimal place (x,xx). The final reported a, (s shall be used in all subsequent cal¢ulations.

5.2.2| Calculation procedure for vehicles with automatic transmission, adaptive trarjsmission,
and (VT tested with non-locked gear ratios

The value of a, .. used in the determination of gear selection shall be the average of the four a

- . acc,test, j
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, e, ; using Formula (1).
Pre-acceleration can be used.

If the devices or measures described in 8.3.1.3.3 are not used, calculate a, (e, ; using Formula (2):

2 2
a _(vep /3,6)" —(vpp' /3,6) *
acc,test,j 2(110 +1ref)
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where
Ay test, j is the numerical value of the acceleration, expressed in metres per second squared;
Vppy Vg are numerical values of the velocity, expressed in kilometres per hour;
Lios Lef are numerical values of the test track length and reference length, expressed in metres.

Pre-acceleration shall not be used.

Each a,. s, j Shall be reported to two significant digits after the decimal place (x,xx). Calculation of

e test shall 1ise each 0 ,eerest—and the final reported a, ... shall be reported to two significant digits

after the dedimal place (x,xx). ‘[‘he final reported Aacc test shall be used in all subsequent calculationfs.

NOTE It would be useful for these types of vehicles to record the vehicle speeds at AA', PP', and BB"to pijovide
information fpr a future revision of this document.

5.3 Calculation of the target acceleration

Calculate a}y,, using Formula (3):

Ayrban =10,631g(PMR)-0,09 (3)
where

Ayrban is the numerical value of the acceleration, expréssed in metres per second squared;

PMR is the dimensionless value of the power-toxmass index.

The calculated a4, value shall be reported to two significant digits (x,xx) after the decimal placg. The
reported a},., shall be used in all subsequent calctilations.

5.4 Calculation of the reference acceleration

Calculate a

using Formula (4) and-Eormula (5):

adc,re
Ayeeref 51,59 1g(PMR)-1,41 for25<PMR 4)
or
Aaceref F durban = 046318 (PMR)—0,09 for 25>PMR (5)
where
e tha o nol ol AfF araforanen ancnlaratia avnraccend 11 pantenc e od
aacc,ref Io tll\' ITUIrnICIIicvdal vdailiuc vUlx tll\' JUATT A S AU § Ay way e A w vy w)y y w) § utl\.lll' \41\}11 ool u It lll\,tl I }J\'l J\'Cond
squared;
Ayrban is the numerical value of the acceleration relative to urban traffic, expressed in metres
per second squared;
PMR is the dimensionless value of the power-to-mass index.

The calculated a, ¢ value shall be reported to two significant digits (x,xx) after the decimal place. The
reported a,. ¢ Shall be used in all subsequent calculations.

NOTE Calculations of a, . refand a,,y,,, for a specific vehicle are based on statistical analyses of in-use vehicle

data. As such, this is not strictly a calculation of acceleration based on the independent non-dimensional variable
PMR since this is used as a function to identify the appropriate target acceleration.
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NOTE Calculations of a,. ¢ and a,,,, use the logarithm function Ig(x) which is the logarithm to the base
10.
5.5 Partial power factor k,

Parti

al power factor kp is

kP =1 _(aurban /aacc,test )

(6)

In cases other than a single gear test, a, ¢ shall be used instead of a, ., as defined in 8.4.3.2.

The f
decin

6 I

6.1

6.1.1

The 4
meas
wind|

inal reported kp value shall be mathematically rounded to two significant digits (x,
hal place. The final reported kp shall be used in all subsequent calculations.

nstrumentation
Instruments for acoustical measurement

General

pparatus used for measuring the sound pressure level shall be a sound level meter d
urement system meeting the requirements of class 1 instruments (inclusive of the rd
screen, if used). These requirements are described inJEC 61672-1.

When no general statement or conclusion can be madg about conformance of the sound lev

syste

The
requi

Meas|
instr

im shall be checked according to [EC 61672-3.

bntire measurement system shall be checked by means of a sound calibrator th3
rements of class 1 sound calibrators incaccordance with IEC 60942.

liment and the “A” frequency weighting curve also described in IEC 61672-1. When us

that includes periodic monitoringef the A-weighted sound pressure level, a reading should

kx) after the

r equivalent
commended

el meter, the

t fulfils the

urements shall be carried out-:using the time weighting “F” of the acoustic nmeasurement

ing a system
be made ata

time nterval not greater than 30'ms.

The |nstruments shall besmaintained and calibrated in accordance with the instrucfions of the
instrpyment manufacturer

NOTE For systems)Where microphones are connected to data acquisition systems, the mi¢rophone and
preamp typically havea certificate of calibration, and the data acquisition system typically have 4 certificate of
calibrjation. It isn@thecessary to have a certificate of calibration for connecting cables.

6.1.2 Calibration

At the-beginning-andattheend-ofeveryFmeasurementsessionthe-entire-acousticmeasurement system

shall be checked by means of a sound calibrator as described in 6.1.1. Without any further adjustment,
the difference between the readings shall be less than or equal to 0,5 dB. If this value is exceeded, the
results of the measurements obtained after the previous satisfactory check shall be discarded.

For indoor testing using ISO 362-3, the entire measurement system shall be checked at the beginning
and at the end of a series of sessions.

A qualified calibration method (i.e. electrical calibration) is recommended to be provided by the
hardware supplier and, in that case, shall be implemented in the measurement software used.
Simulation algorithms using sound source localization detection should deactivate that feature for
these tests
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6.1.3 Conformity with requirements

Conformity of the sound calibrator with the requirements of IEC 60942 shall be verified once a year.
Conformity of the instrumentation system with the requirements of IEC 61672-1 shall be verified at
least every 2 years. All conformity testing shall be conducted by a laboratory that is authorized to

perform calibrations traceable to the appropriate standards.

6.2 Instrumentation for speed measurements

The maximum permissible uncertainties for instruments used for rotational engine speed
measurements shall be:

+2 % at

The road sjf
permissible

+0,5 km

The min

the engine speeds required for the measurements being performed.

eed measurement device shall be a continuous speed measurement device./Maximum

uncertainties shall be:

h

imum update rate for the continuous speed device shall be 20 Hz.

6.3 Meteorological instrumentation

The maximy
be:

— *1°Cfo
— 11,0 m/
— *5hPaf]
— 5% foy

m permissible uncertainties for instruments used for méteorological measurements|shall

a temperature measuring device;
b for a wind speed measuring device;
or a barometric pressure measuring device;

a relative humidity measuring device.

Monitoring

7 Acoustical environment, meteorological conditions, and background noise

7.1 Tests

fwind speed is not required for'indoor testing.

ite

The test site shall be substantially level. The test track construction and surface shall meegt the

requirements of ISO 10844. The test site dimensions reflecting ISO 10844 are shown in Figure 1.

Within a radius of-50 m around the centre of the track, the space shall be free of large reflecting objects
such as fences, Tocks, bridges, or buildings. The test track and the surface of the site shall be dry and

free from ablsorbing materials such as powdery snow or loose debris.

In the vicinity of the microphone, there shall be no obstacle that can influence the acoustical field and
no person shall remain between the microphone and the noise source. The meter observer shall be
positioned so as not to influence the meter reading.

14
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Dimensions in metres

/
/
A
/,
/ A P B
/ s 50
| a
I e b =
| =L = ¢
!
\. S
|
\
\
\ [y i1 10 10 l,, lg,
\ A’ P’ B'
‘\“
\
Key
I, entrance construction run-up section (diagonal hatch area), In metres
I, exit construction run-up section (diagonal hatch area), itvhetres
(length of entrance and exit construction run-up sections can differ)
L1 entrance drive lane extension beyond propagation area, in metres
L, exit drive lane extension beyond propagation.atea, in metres
(Iength of entrance and exit drive lane extensions can differ)
w drive lane width, in metres
AA entrance to propagation area 10 m'before line PP’
BB’ exit from propagation area 10 m after line PP’
cec drive lane centre line (longitudinal axis)
PP microphone line (transverse axis)
a Propagation area.
b Drive lane.
NOTH1 Buildingsoutside the 50 m radius can have significant influence if their reflection focudes on the test
track
NOTH2 Shaded area (“test area”) is the minimum area that it is required to be covered wjith a surface
complying with ISO 10844.

Figure 1 — Test site dimensions

For outdoor testing, two lines, AA' and BB, parallel to line PP' and situated respectively 10 m = 0,05 m
forward and 10 m * 0,05 m rearward of line PP’ shall be marked out on the test runway.

Measurements in indoor facilities complying with ISO 362-3 may also be used as equivalent to outdoor
measurements.

For indoor testing using ISO 362-3, the virtual line AA' indicates the beginning of the test track, PP'
indicates the virtual position of the two pass-by microphones, and BB' indicates the end of the test
track. The simulated vehicle speed at AA', vy 5, or vehicle speed at PP’ vpp, is defined by the roller speed
when the reference point of the vehicle passes the virtual line AA" or PP', respectively. The simulated
vehicle speed at BB', vy, is defined when the rear of the vehicle passes the virtual line BB'.
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7.2 Meteorological conditions

The meteorological instrumentation shall deliver data representative of the test site and shall be

positioned a

djacent to the test area at a height of 1,20 m + 0,02 m.

The measurements shall be made when the ambient air temperature is within the range from 5 °C to

40 °C and th

e test surface temperature within the range from 5 °C to 60 °C

The tests shall not be carried out if the wind speed, including gusts, at microphone height exceeds 5 m/s
during the sound measurement interval.

A value repr

esentative of temperature, wind speed and direction (outdoor only), relative humidity

7, and

barometric j

The ambien{
all key vehi
operation) a

NOTE1 Th
reduced by c
cover the ran
temperatures
tyres.

NOTE2Z Rqg

7.3 Backg

Any sound ¢
shall be igng

The backgrg
vehicle testg
used during

The backgrad
pressure lev
level and thg
test result, t
as given in T

For indoor
dynamomet

pressure shall be recorded during the sound measurement interval.

temperature may of necessity be restricted to a narrower temperature range.such
Cle functionalities (e.g. start/stop, hybrid propulsion, battery propulsion, fuel-cell
e enabled according to manufacturer's specifications.

e measurement results are influenced by the temperature. The measurement’uncertainty g
bnducting measurements within a temperature range of 15 °C to 25 °¢: Fer practical reas

be of testing conditions in various locations, the range of 5 °C to 40 °C is\specified. Testing at
is expected to produce higher measurement results due to the hardening effect of the rubber

fer to Annex B for the effects of temperature and other factors«

sround noise

eak that appears unrelated to the characteristics of the general sound level of the v¢
red when taking the readings.

und noise shall be measured for a duration of 10 s immediately before and after a ser
. The measurements shall be made with the same microphones and microphone locg
the test. The maximum A-weighted'sound pressure level shall be reported.

und noise (including any wihd noise) shall be at least 10 dB below the A-weighted 4
el produced by the vehicleunder test. If the difference between the ambient sound pre

he appropriate correction shall be subtracted from the readings on the sound level n
able 2.

testing, background noise shall take into account noise emissions produced b
b1 rollers, ventilation systems, and facility exhaust gas systems.

Table 2 — Correction applied to an individual measured test value

that
stack

an be
ns to
lower
in the

bhicle

ies of
tions

ound
ssure

e measured sound pressure level is between 10 dB and 15 dB, in order to calculate the jth

neter,

y the

16

Background sound pressure Correction
level difference to measured dB
sound pressure level
dB
10 0,5
11 0,4
12 0,3
13 0,2
14 0,1
>15 0,0
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8 Test procedures

8.1

Microphone positions

The distance from the microphone positions on the microphone line PP’ to the perpendicular reference
line CC' (see Figure 1) on the test track shall be 7,5 m + 0,05 m.

The microphones shall be located on both sides of the CC’ line 1,2 m + 0,02 m above the ground level.
The reference direction for free-field conditions (see IEC 61672-1) shall be horizontal and directed
perpendicularly towards the path of the vehicle line CC".

8.2

8.2.1
The
Befor

NOTE
syste

8.2.2

8.2.2,

Meas|

When testing indoors using ISO 362-3, the test mass, m, shall be utilized by the cor

of th
vehid
recof
phas

Targd
test 1

Conditions of the vehicle

General conditions
ehicle shall be supplied as specified by the vehicle manufacturer.
e the measurements are started, the vehicle shall be brought to its iopmal operating

Variation can be reduced by maintaining stable vehicle component temperatures, for exa
s, coolant systems, and lubrication systems.

Test mass of the vehicle

1 General

urements shall be made on vehicles at the testimass m, specified in Table 3.

e dyno roller. Actual mass of the vehicle’has no effect on results and it is permitted
le as necessary to prevent slip between the tyres and the dyno rolls. To detect exces
nmended to control the ratio of engine rotational speed and vehicle speed between the
e and the constant-speed status. To avoid slip, it is possible to increase the axle load.

ronditions.

mple, exhaust

itrol system
| to load the
sive slip, it is
acceleration

Pt MasS, My, pge 1S Used to(denote the mass that N2 and N3 vehicles should be tested at. The actual

hass can be less due to limitations on vehicle and axle loading.

Table 3 — Test mass, m,

Vehicle Vehicle test mass
categor
gory kg
M1 The test mass, m,, of the vehicle shall be between 0,9m,,<m,< 1,2 m_,
N1ab The test mass, m,, of the vehicle shall be between 0,9m ,<m <1,2m_
a 1\ 1 r‘afnnnry vehicles mnv he ]nnr‘nﬂ atthe discretion ofthe vehicle manufnr‘furav for nrnrf|r‘n] reasons uring the test_

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

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

©ISO
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Table 3 (continued)

b

Vehicle Vehicle test mass
category kg

N2, N3 Migrger = 50 KG/KW-P,,.
Extraloading, m,;,q, to reach the target mass, M, g, of the vehicle shall be placed above the
rear axle(s).
If the test mass m is equal to the target mass m,,., the test mass m shall be 0,95my, g
<my<1,05M g6
The sum of the extra loading and the unladen rear axle load, M, 1.4 ynladen 1S limited to 75 %
of the maximum axle capacity, m, , nay allowed for the rear axle. The target massshall be
achieved with a tolerance of +5 %.
Ifthe test mass m, is lower than the target mass my, 4., the test mass m shall be achieved with
a tolerance of £5 %.
If the centre of gravity of the extra loading cannot be aligned with the centhe of the rearjaxle,
the test mass, m,, of the vehicle shall not exceed the sum of the front axle in an unladen cpndi-
tion, Mg, 10ad unladens aNd the rear axle load in an unladen condition, Mg, Ys4q unladen PlUS the pxtra
loading, m,;,,4 and the mass of the driver m.
The test mass for vehicles with more than two axles shall be the same as for a two-axle vehicle.
If the unladen vehicle mass, m,4en, Of @ 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.
Ifthe unladen vehicle mass, m 1,40, 0f @ vehicle withtwo axles is greater than the target mass,
then this vehicle shall be tested without extra loading.

M2 The test mass, m,, of the vehicle shall be between 0 9m,, < m,<1,2m,

(M < 3,500 kg)

Complete If the tests are carried out with a complete'vehicle having a bodywork,

M2 (M>3,50qkg), | M,pgec = 50 kg/kW-P,, is calculated either in conformity with conditions above (see NP, N3

M3 category)
or
the test mass m, of the vehicle shall be 09 m., < m,< 1,1 m,,

Incomplete If the tests are carried'with an incomplete vehicle not havmg a bodywork,
M2 Mearger = 50 kKg/KWeP | is calculated either in conformity with conditions above (see Ng, N3
(M > 3,500 kg), |category),
M3

or
the test'niass m of the vehicle shall be 0,9 m., <m < 1,1 m_,
whére
Wi = Mehassism2m3 + MyloadM2M3

a N1 categofy.vehicles may be loaded at the discretion of the vehicle manufacturer for practical reasons during the test.

This practice is-a€eeptablerhoweveriteantead-te-ahigherlevelof vehicle noisefrypicaly+-dB3)-

If load is added to these vehicles during testing, the added payload shall be noted in the test report.

18
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8.2.2.2 Calculation procedure to determine extra loading of N2 and N3 vehicles only

8.2.2.2.1 Calculation of extra loading

The target mass, My, 4., for two-axle vehicles of category N2 and N3 is specified in Table 3:

Migrget =50 kg/kKW-P, (7)

To reach the required test mass, m,, for a vehicle being tested, the unladen vehicle, including the mass

of the driver, my, shall be loaded with an extra mass, m,,,,4, which shall be placed above the rear axle as
givenin Formula (8):

n ¢ =m Mgy +Myjpaq (8)

7targe unladen

The yehicle mass of the test vehicle in the unladen condition, m 4.y 1S calculated by mepsuring on a
scale|the unladen front axle load, m¢, ;1.4 unladenr aNd the unladen rear axle lodd) M., 1oad unlddens @S given

in Formula (9):

lunladen = Mfaload,unladen + My, 10ad,unalden [9)

=

By uging Formulae (8) and (9), the extra loading, m,,.4, is calcudated as given in Formulae ({L0) and (11):

=

'xload = Mtarget _(md T Mypladen ) (10)
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My)oad =

The sum of t

mtarget - (md + mfa,load,unladen + mra,load,unladen )

he extra loading, m,,,,4 and the unladen rear axle load, m, 1,24 unladen’

the maximum axle capacity for the rear axle, m, ., .y as given in Formula (12):

0,75m

ac,ra,max 2 Myload My, 10ad,unladen

The my,, .4 is limited according to Formula (13):

My10ad <

0,75 m

acramax — Mra,load,unladen

If the calcul
equal to For]

My =My

In this case,

My =My

If the calcul

Formula (16])

Myload >

then, the exf]
Myload =
and the test

m, =0,7

In this case,
m, <mg,
The test maj

8.2.2.2.2 1

pted extra loading, my, .4, in Formula (11) fulfils Formula (13), then the extra-oad
mula (11). The test mass, m,, of the vehicle is as calculated from Formula (14):

bad T1Mg + mfa,load,unladen + mra,load,unladen

the test mass of the vehicle is equal to the target mass

rget

(11)

is limited to 75 % of

(12)

(13)

ng is

(14)

(15)

hted extra loading, m,;,,q, in Formula (11) does not fulfil Formula (13), but rather fulfils

0,75 m

acramax — Mra,load,unladen

ra loading, m,,,4, shall be as given by Formla (17):

0'75 mac,ra,max _mra,load,unladen

mass, m,, of the vehicle shall be as/given by Formula (18):

b mac,ra,max +mg + mfa,load,unladen

the test mass of the vehicle is lower than the target mass
rget

s, m,, shall bé achieved with a tolerance of 5 %.

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

If the centr

Vs y £ - 1 1: 1 1 h] T R | - £
Ul gIdVIly OI LIIE €X' d 10dUllly, ’”Xload' CdIIIIOU DT dllgIICU WILIT LIIC CCIILI€ O UIT I'Edl

(16)

(17)

(18)

(19)

axle,

the test mass of the vehicle, m,, shall not exceed the sum of the unladen front axle load, mg, 1444 unladens

and the unladen rear axle load, m

mg.

20

o blus the extra loading, m

ra,load,unlade xload’

and the mass of the driver,
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This means that if the actual front and rear axle loads are measured on a scale when the extra loading,

My10a

d’

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

me—mg= mfa,load,laden + mra,load,laden

wher

e

mfa,load,laden = mfa,load,unladen

af tha avtera 1o ding oAt a lignad hao contra oF +
OT—E—exXtt

is placed onto the vehicle and it is aligned with the centre of the rear axle, the test mass of the

(20)

(21)

e

If thr\ cantra of groxzibyg
p—EehtFe—o6+t Favite

Form

I~

becauise the extra loading has partly distributed its mass to the front axle. In,that case, it i

to ad

8.2.2

Ifav
test

If the
two-¢

8.2.2

When a vehicle family is not represented by.d two-axle vehicle because it is physically not g

vehid
of av

For f{

virtua
(mfa,

unladg

If the

nj

3

] L n wath
€ SroatH g —tathot—o et At a— Wit nt—tehatre—or—=r

ula (20) is still fulfilled, but

fa,load,laden > mfa,load,unladen

d more mass onto the rear axle to compensate for the mass moved to-the’front axle.

2.3 Test mass for vehicles with more than two axles

bhicle with more than two axles is tested, then the test massof this vehicle shall be thd
hass for the two-axle vehicle.

unladen vehicle mass of a vehicle with more than twe axles is greater than the test
hxle vehicle, then this vehicle shall be tested witheut extra loading.

2.4 Calculation of the test mass of a virtual vehicle with two axles

le family can be represented by a vehicle with more than two axles (vrf). In that case {
irtual two-axle vehicle (m (; ayjesvittuan) €an be calculated in the following way:

he calculation of the unladen vehicle mass of the virtual two-axle vehicle (m,
)), take from the vehicle with more than two axles (vrf) the measured unladen frg
1) load,unladen) and the(measured unladen rear axle load of that driven rear axle
) which has the highestunladen load.

vehicle (vrf) hagzmore than one front axle, take the one with the highest unladen froq

unladen (2 axlesvirtual) = mfa,(vrf),load,unladen + My (vrf) load unladen

xload (2-axles virtual) = mtarget - (md * Mynladen (2 axles virtual))

C

rear axle,
(22)

not allowed

same as the

mass for the

vailable, the
he test mass

hladen (2 axles
nt axle load

[mra (vrf) load

t axle load.

(23)

(24)

Due

axle load, m

mass

chosen in such a way that it represents the rear axle of t

*1. 3 £l 1 £+ 4+ 1 nH L A d +1
U LIICT lCLiull CIIITIIU LIIdl UIIT SUIIl Ul UIIT TALI d lUClulllS \_lllxload (2 aXleS Virtual)-} dliu LT

ra (vrf) load unladen’

allowed for the rear axle, m this value, m

ac,ra,max (2 axles virtual : A
e forecasted highest production-v

h

ac,ra,max (2 axles virtual)’

nladen rear

is limited to 75 per cent of the technically permissible maximum laden

has to be
olume in the

manufacturer's variation with a technically permissible maximum laden mass allowed for the rear axle
(M ramax (chosen)) fOr the vehicle family as declared by the manufacturer.

m

If m

©ISO

m

ac,ra,max (4x2 virtual) = ac,ra,max (chosen)

0,75 m

xload (2 axles virtual) < ac,ra,max (chosen) ~ My, (vrf) load unladen

2022 - All rights reserved
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then

my (2 axlesvirtual) = Myload (2 axlesvirtual) tmg+ mfa,(vrf),load,unladen +

and

my (2 axles virtual) = mtarget

If My)0ad (2 axles virtual) > 0,75 mac,ra,max (chosen) ~— My, (vrf) load unladen

then

my (2 axles virtual) — =0,75 My ra,max (chosen) +my + Mgy, (vrf),load,unladen

My, (vrf) load unladen

Myload (v

8.2.3 Tyrq

The tyres sh
tyre manuf3g
by the vehic

For certifica
necessary. 7|
to one of the
be commerd
shall be at I¢

NOTE Th
-canhaveas

When perfo
test track wi

and

my (2 axles virtual) < mtarget

The test mass of the vehicle with more than two axles is defined as followed:
my (vrf) =my (2 axles virtual)
and the extra loading is calculated as

) = Mt (2 axles virtual) = Md = Mynladen (vrf)

p selection and condition

all be appropriate for the vehicle and shall be inflated to the pressure recommended H
cturer for the test mass of the vehicle. The tyre itfflation pressure shall be recommsg
e manufacturer for M1 and N1.

tion and related purposes, additional requirements for the tyres, defined by regulatio
he tyres for such a test shall be selected by the vehicle manufacturer and shall correq
tyre sizes and types designated forthevehicle by the vehicle manufacturer. The tyre

ast 80 % of the full tread depth.

e tread depth and tread patternias well as the tyre type - normal, traction, winter, special usq
ignificant influence on the-test result.

ith the tyres to be wsed, according to this paragraph. Propulsion sound is independ

y the
nded

n, are
pond
shall

ially available on the market at the’same time as the vehicle. The minimum tread dlepth

2 tires

'ming indoor testing.using ISO 362-3, tyre/road sound is evaluated independently on the

ently

evaluated on the dynamometer using tyres and other sound control measures to produce tyrefroad
sound whicll does not inflaence the measurement result.

8.2.4 Calqulation-of total engine power

If two or more-sources of propulsive power operate at the conditions of test specified in this part of
ISO 362, the-total-engine-power 5 —shal-be-thearithmetie sumof-paraliel propulsiveengines—on the

vehicle. Applicable parallel propulsive engines are those power sources which provide forward motion
to the vehicle in combination at the conditions of test specified in this part of ISO 362. Specified power
for non-combustion engines shall be the power stated by the manufacturer.

NOTE1 The intent of this provision is to ensure that vehicles with two or more sources of propulsive power
that can operate at the same time in a parallel fashion, i.e. hybrid vehicles, use the sum of available electric and
combustion power to determine the vehicle power used for subsequent calculations of the power to mass ratio.

NOTE 2  For certification or other regulation purposes, it can be necessary to require the combustion engine
to operate for all testing conditions.

Note 3 Combustion vehicle power can be determined using ISO 1585, Hybrid vehicle power can be determined
according to ISO 20762, and UN R85 contains provisions for the determination of power for battery powered
vehicles.
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8.2.5 Battery state of charge

If so equipped, propulsion batteries shall have a state-of-charge sufficiently high to enable all key
functionalities as per the manufacturer’s specifications. Propulsion batteries shall be within their
component-temperature window to enable all key functionalities. Any other type of rechargeable
energy storage system shall be ready to operate during the test

8.2.6 Additional sound emitting devices

Any sound enhancement system for the purpose of the exterior sound emission shall be operational
during testing. These systems are commonly referred as an exterior sound enhancement system.

8.2.7| Vehicle cooling fans or cooling systems

If the
syste

vehicle is fitted with fan(s) or cooling systems having an automatic actuating mechanism, this

im shall not be interfered with during the measurements.

8.3 | Operating conditions

8.3.1
3 50¢

Vehicles of categories M1 and M2 having a maximum authorized mass not exc
D kg and category N1

peding

8.3.1{1 General conditions

The g
test,
that i
the li
inten|
gear
move

8.3.1

The t
point

ath of the centreline of the vehicle shall follow lin€€.C' as closely as possible througho
from the approach to line AA' until the rear of the'vehicle passes line BB' (see Figure 1
s not readily separable from the towing vehicle shall be ignored when considering th
ine BB'. If the vehicle is fitted with more than two-wheel drive, test it in the drive selg
ded for normal road use. If the vehicle,isfitted with an auxiliary manual transmissio|
hxle, the position used for normal urban driving shall be used. In all cases, the gear rd
ments, parking, or braking, shall be-éxcluded.

L2 Testspeed

est speed, v, shall bé 50 km/h + 1 km/h. The test speed shall be reached when t
according to 3.5 is at line PP". If the test speed is modified according to 8.3.1.3.2, the 1

speed shall be used for\both the acceleration and constant speed test.

8.3.1

8.3.1

It is {

.3  Gear ratio'selection

3.1 <General

he.responsibility of the manufacturer to determine the correct manner of testing td

ut the entire
. Any trailer
e crossing of
ction that is

n or a multi-

tios for slow

he reference
nodified test

achieve the

rad o largt: oo
FeaateereTrations:

requ

The vehicle transmission, gear, or gear ratio shall be chosen to provide acceleration nearest to a

acc,ref

according to 8.3.1.3.2 and 8.3.1.3.3. The vehicle transmission, gear, or gear ratio may be controlled by
electronic or mechanical measures as given in Table 4.

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.

NOTE Where multiple modes provide equivalent accelerations, the mode with the highest L., result is
recommended to be used.
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NOTE “Mode” in the above note is used in two different contexts. Mode can be the operating modes of a
vehicle that are intended to change the driving experience: i.e., tour, base, weather, ice/snow, sport, or track,
as examples. Mode is also used in the context of an exhaust system, external sound generation system, or other
system, that changes the noise emission of the vehicle.

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
condition according to the specification in 5.2.1 in relation to the reference acceleration, a,., ep
required for the acceleration test according to Formula (4).

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

; runs.

NOTE1  THe selection of gear ratio is determined by the average of the four a, . 1o, ;

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

Aycc rep 1Ot exceeding 2,0 m/s?, test with that gear ratio. This gear is defined asggar ratio i.

NOTE 2 | Individual a runs may be in excess of 5 % of the reference acceletation.

acc,test,j

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 lowerthan the reference accelerfation
,cc ref If the acceleration value in gear ratio i does not exceed 2,0-m/s?, use both gear ratios fgr the
test. The gear ratio weighting factor k in relation to the reference acceleration a, ¢ is calculated

by Formjula (26):
k= I:aac ref ~ Qacc(i+1) ]/I:aacc,i _aacc(i+1):| (26)

The valfie of k shall be calculated to two significant places after the decimal (x,xx). The|final
reportedl k shall be used in all subsequent calctilations.

c) If the acceleration value of gear ratio i excéeds 2,0 m/s2, the first gear ratio (i + 1,7 + 2, ...) shall be
used thgt gives an acceleration below 2,0Mm/s2 unless gear ratio (i + 1,i + 2, ... ) provides accelerjation
less thah a,,,- The achieved acceleration a, .5 during the test shall be used for the calculation
of the partial power factor kp instéad of a,. ..¢ for tests using one gear.

d) Inthe case where gear ratio (i+:1,i + 2,1 + 3, ...) provides acceleration less than a,,,,, two gdars, i
and (i + |l + n), shall be usedzincluding the gear i with acceleration exceeding 2,0 m/s2. The gearratio
weighting factor k in relétion to the reference acceleration a, ¢ is calculated by Formula (27).

k= I:aac ref — Qacc(i¥1+n) :I/I:aacc,i _aacc(i+1+n):| (27)

e) If maximum engine speed, n,,, is exceeded in a gear ratio i before the vehicle passes BB', thg next
higher gear;* 1 shall be used. If the next higher gear i + 1 results in an acceleration below a ;. .l,, the
vehicle test DPCCd, Viesv inthe geart attoishattbereduced b_y 2,5 }\ux/h and-the geat ratto-selection
shall proceed as specified by the options given in this paragraph. In no case shall the vehicle test
speed be reduced below 40 km/h.

If maximum engine speed, n,,,, is exceeded in gear ratio i before the vehicle passes BB' and the
vehicle test speed is equal to 40 km/h, the higher gear ratio i + 1 is allowed even if a,. .5, does not
exceed a Maximum engine speed, n,,,, is calculated by Formula (28)

urban-

Npax = 1,56-PMR(0.227).S, but not more than 80 % of S (28)

The vehicle test speed in the higher gear ratio i + 1 shall be 50 km/h.

NOTE 3  Gear index n starts counting at zero (0).
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f) Ifno gear ratio is available with an acceleration below 2,0 m/sZ, the manufacturer shall, if possible,

take measures to avoid an acceleration value a, . greater than 2,0 m/s2.

Table 4 provides examples for recommended measures to control the downshift of gears or to avoid
accelerations beyond 2,0 m/s2. Any measure used shall be documented in the test report. Measures to
control the downshift of gears are commonly referred as prevention of downshift.

For calculation of L., the sound level measured under partial load shall replace the sound level

under full acceleration.

The achieved acceleration under partial load during the test shall be used for the calculation of the part

power factor kpinstead of d,ee e o
Tahle 4 — Examples for devices and measures to enable a vehicle to be tested to the specified
accelerations
Sub /. .
No. Impact No Measure Additional Requirements
A discrete gear ratio can be locked by,
12 . none
the driver
' . Adiscrete gear ratio is available oniboard,
1 Lockofa discrete gearratio butis notavailable to the drivét. Locking
2 |can be activated by the manufacturer|none
with an onboard (hidden) function or
with an external deyice
Controlled gear shift man-| 12 |Kickdown is deactiyated none
agement: Applicable to G hift ch h q
2 transmissions which can- Gear shift change(s) can happen dur-| \ 1o ionb shafll be between
not be locked, or whereno| 7 |in8 the testygear shift is controlled by a anda | ot exceedin
locked gear pr’ovidesavalid activatieh“of an internal function or 2“61’;'11/52 acc,ref &
test result externdal device ’ '
1 AcCgeleration is limited by a mechanical i
Nivice Acceleration shalll be between
3 Partial load drivingd a anda , hot exceedin
& 2 External programming for partial load zu(r)b;lﬁl/sz_ aceref 8
acceleration® '
1a Mode is available onboard and can be none
selected by the driver
Mixed solution_{mode): Mode is available onboard and can only
4 This measure-willbeamix| 2 |beactivated by the manufacturer with |none
of the abovesolutions com- a hidden function or an external device
bined ipaspecific mode Mode is not available onboard, an ex-|Acceleration® shajll be between
3 tet;nal software overrides the internal gu(r)ban/aréd ycc rep POt exceeding
software ,0 m/s?.
a2 Included in this document.

b ApPPIICdable to Venicies oruategory M1, N1, dild M2 = 5 SUU Kg.

¢ Partial load shall be achieved by simulation of the travel restriction of the accelerator.

d  Applicable to vehicles of Category M1, N1, and M2 < 3 500 kg.

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

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

The acceleration a

acc,tes

« shall be calculated by Formula (1) or Formula (2) as specified in 5.2.

The test can 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.

© IS0 2022 - All rights reserved

25


https://standardsiso.com/api/?name=1b7bae2ec814b0af8b201eb2988a102b

ISO 362-1:2022(E)

A gear shifting to a gear ratio that is not used at the specified condition as defined by the manufacturer
in urban traffic shall be avoided.

Therefore, it is permitted to establish and use electronic or mechanical devices, including alternative
gear selector positions, to prevent:

— Accelerations beyond 2,0 m/s?;
— Engine speed exceeding n

max

If n,, is exceeded before the vehicle passes BB', the vehicle test speed, v,., shall be reduced by
2,5 km/h and the test repeated. In no case shall the vehicle test speed be reduced below 40 km/h.

The usef of this document may take measures to avoid an acceleration value a
2,0 m/s% as defined in Table 4.

acc test greater| than

The user of this document may take measures to prevent engine speed exceedingn. . as defined

in Tablel4.

max

Manufactur¢rs may take measures to lock discrete gear ratios by electronic orlmechanical meapures
and follow the gear selection previsions of 8.3.1.3.2. If so selected, this shall be.Stated in the test r¢port.

Electronic of mechanical measures as described in Table 4 are permitted for all vehicle technologjes to
control vehig¢le operation to achieve the acceleration and engine speed<onditions.

Table 4 provjides examples for valid measures to control the downshift of gears, prevent the exceedance
of maximum engine speed, or to avoid accelerations beyond 2,0 m/s2. Any measure used shall be
documented in the test report.

The achievefl acceleration, a
3.9) instead pfa

acc tesv 1S then used for the calculation of the partial power factor kj (see

acc,ref*

8.3.1.3.4 Vehicles with one gear ratio

If the vehicl¢ has a transmission in which there is only one selection for the gear ratio, the accelerfation
test is carrig¢d out in this vehicle gear selection. The achieved acceleration a, (. is then used fqr the

calculation ¢f the partial power factogkyp(see 3.9) instead of a, \.f

The user of this document may take measures to avoid an acceleration value a, o greater than 2,0 m/
s? as defined in Table 4.

Table 4 proyides examples for valid measures to control the vehicle to achieve target conditiops or
to avoid accglerations béyond 2,0 m/s2. Any measure used purposes shall be documented in the test
report.

NOTE Examplés-of vehicles with one gear ratio are some battery electric vehicles (BEV), hybrid eledtrical
vehicles (HEV),and fuel cell vehicles (FCV).

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.

The manufacturer shall define the position of the reference point in front of line AA' of fully depressing
the accelerator. The accelerator shall be fully depressed, as rapidly as is practicable, when the reference
point of the vehicle reaches the defined point. The accelerator shall be kept in this depressed condition
until the rear of the vehicle reaches line BB'. The accelerator shall then be released as rapidly as possible.
The measurement reading shall not end before the rear of the vehicle is 20 m behind the BB' line.

Stable acceleration conditions shall be ensured.

The pre-acceleration length may differ per gear. The pre-acceleration length shall be reported per gear.
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If the vehicle length was set according to the provisions of 5.1, the accelerator shall be kept in the
depressed condition until the reference point reaches a line 5 m beyond BB’ for front engine vehicles,
and BB’ +2,5 m for mid-engine vehicles.

The vehicle speeds measured v 5, vgg, Or vpp: shall be reported to the first digit after the decimal place
(xx,x). The resulting vehicle speeds shall be used in all subsequent calculations.

The calculated acceleration a, .. Shall be reported as specified in 5.2.1 or 5.2.2, as applicable.

8.3.1.5 Constant-speed test

For vehicles with transmissions specified in 8.3.1.3.2, the constant-speed test shall be-cartied out with
the shme gear(s) specified for the acceleration test and a constant speed of 50 km/h"'with a tolerance
of +1) km/h between AA' and BB', or if applicable, at the speed determined for the acce|eration test
acconding 8.3.1.3.2. (e) with a tolerance of +1 km/h between AA' and BB".

For yehicles with transmissions specified in 8.3.1.3.3, the gear selecter)position for full automatic
operation shall be used. If the gear is locked for the acceleration test, the)same gear shall e locked for
the cpnstant-speed test.

Durij;g 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. The measurement reading shall not end before the
rear of the vehicle is beyond the BB’ line.

8.3.2] Vehicles of category M2 having a maximum<@uthorized mass exceeding 3 500 kg, and
categories M3, N2 and N3

8.3.2l1 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" yntil the rear of the vehicle passes line BB' (see Figure 1) or the
referpnce point is 5 m behind line BB', whichever occurs first. The test shall be conduct¢d without a
trailgr or semi-trailer. If a trailer-is not readily separable from the towing vehicle, it shall be ignored
wher] considering the crossing-of line BB'. If the vehicle incorporates equipment such af a concrete
mixel, a compressor, etc., this-equipment shall not be in operation during the test. The tes{ mass of the
vehidle including the testpayload shall be according to Table 3.

The yalue of ngg and vgg used in the determination of gear and vehicle speed selection|shall be the
avergge of the four'ngg: ;and vgp, ; values during each valid measurement run.

The yalue ofsngg: shall be reported to a resolution of 10 1/min. The reported ngg: shall be used in all
subs¢quent,calculation.

The vyalte of vgp shall be reported to the first digit after the decimal (xx,x). The reported jvgg- shall be
used in all subsequent calculation.

8.3.2.2 Target conditions

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

When the reference point passes BB', the engine rotational speed, ngg, shall fulfil the target engine
rotational speed, n, ¢ gg- The target engine rotational speed, n, g g~ is defined as an interval from
70 % to 74 % of the speed, S.

When the reference point passes BB', the vehicle speed, vgp, shall fulfil the target vehicle speed, v, 4e¢
pp- The target vehicle speed, vy, 4. pp» is defined as 35 km/h £ 5 km/h.
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Between line AA' and line BB' a stable acceleration condition according to 3.19 shall be ensured.

8.3.2.2.2 Categories M3 and N3

When the reference point passes BB', the engine rotational speed, ngg, shall fulfil the target engine
rotational speed, n, 4. gg- The target engine rotational speed, n, g gp» is defined as an interval from
85 % to 89 % of the rated speed, S.

When the reference point passes BB', the vehicle speed, vgp, shall fulfil the target vehicle speed, v, 4e
gp- T he target vehicle speed, v, ¢ pp» is defined as 35 km/h £ 5 km/h.
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ota2 10 chall ba anciien

abla Saccnla

O AN ond i rat v
11T atttrerar

lan—canditian cordin
TOTT COoOTIOTCIroT o cCoTOTIT

8.3.2.3 G

8.3.2.3.1 (

It is the resj
required cof

Stable accelsg

The vehicle
according td
mechanical

Table 4 pro
conditions. /
in the test rd

Annex D, An

evewuxcess S o7 orrart ot CTouT T

ar selection

Feneral

onsibility of the manufacturer to determine the correct manner ofrtesting to achiev
iditions.

ration conditions shall be ensured.

transmission, gear or gear ratio shall be chosen to be able’to fulfil the target cond

measures including exclusion of kickdown function.

Vides examples for valid measures to controlithe downshift of gears or to fulfil
\ny measure used by manufacturer for the above-mentioned purposes shall be docum
port.

hex E, and Annex F give gear selection criteria and test run criteria for categories M2 h

a maximum

aid to test operation.

8.3.2.3.2
transmissidg

The gear chg
Stable accelsg
The followin

a)

If one gd
vehicle §

Manual transmission, automatic transmissions, adaptive transmissions or

authorized mass exceeding 3 500 kg;and for category N2, M3 and N3, in a flowchart

ns with continuously variable gear ratios (CVTs) tested with locked gear ratios
ice is determined by\the target conditions.

ration conditipnsaccording to 3.19 shall be ensured.

g conditionsfor fulfilling the target conditions in 8.3.2.2 are possible.

ar choice fulfils both target conditions for the rotational engine speed n, g g and fg
peed W, qe pp» test with that gear.

e the

tions

8.3.2.2. The vehicle transmission, gear, or gear ratio.can be controlled by electrogic or

arget
ented

hving
as an

r the

b)

£31

If more

L] Lo £.1€: Lbatlh-+ + pa Ve £, £l ot ] 3 |
LIId1l UIIT 55511 CIIVILT TUIIIIS UULIT tdl SCL CUIIUILIVUILIS 1TUTL L1IT 1 ULlativlidl cusluc DPCCU Iltar

and for the vehicle speed v 40 g~ test in gear i that gives velocity vgp: 4e,; closest to 35 km/

vehicle speed v ;¢ gg» and fulfil the following condition:

(Vtarget B

then both gears are taken for further calculation of L

d)

B’ ~ VBB’ gear i) = (VBB’ geari+ 1~ Vtarget BB’)

urban-

iet BB’

If two gear choices fulfil both target conditions for the rotational engine speed n, ¢ g and for the

If one gear choice fulfils the target condition for the rotational engine speed n, 4, gp' but not the

target condition for the vehicle speed vy, 4. g~ Use two gears, gear, and gear,. The target conditions
for the vehicle speed for these two gears are as follows:

gear x
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25 km/h < vgg, <30 km/h

and

geary
40 km/h < vgg,, <45 km/h

Both gears, gear x and gear y shall fulfil the target rotational engine speed n, e gp’ -

Both gears shall be used for further calculation of L

urban*
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3.3 Automatic transmission, adaptive transmissions, and transmissions with v
ratio tested with non-locked gear'ratios

ear selector position for full automatic operation shall be used.

est can then include a gear change to a lower range and a higher acceleration. A gear
r range and a lower(adceleration is not allowed. In any case, a gear change to a gear
ally not used at the“specified condition as defined by the manufacturer in urban trg
ed.

efore, it is permitted to establish and use electronic or mechanical devices, includin
celector positions, to prevent a downshift to a gear ratio that is typically not used at {
onditionras defined by the manufacturer in urban traffic.

| 4-provides examples for valid measures to control the downshift of gears or to
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tions. ANy Measure used by manufacturer for the above-mentioned purposes shail be

in the test report.

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

documented

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

speed Ny, pger ppr and for the vehicle speed vy, g gp» test with the gear selector in that position.

If the choice of the gear selector position fulfils the target condition for the rotational engine speed

Niarget ppr DUt NOt the target condition for the vehicle speed vy, 4 gp» change the target condition for

he vehicle speed to two vehicle target speeds as follows:

Define vy as

25km/h < vy, < 35 km/h

a)
b)

t
@150
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and

Define vgp, as

35 km/h < vgg, <45 km/h.

Conduct two tests, one with vgg,q and one with vgp.,.

Both test conditions are used for further calculation of L

urban-

c¢) If under condition b) the target rotational engine speed n, g gg' cannot be fulfilled, condition d)

shall be

chosen.

d) Ifthech
speed n|
for the v

Define v

pbice of the gear selector position cannot fulfil the target condition for the rotational e
arget B’ DUt the target condition for the vehicle speed vy, 4. gg» change the target'cong
ehicle speed to two vehicle target speeds as follows:

BB’1 AS

25 km/h < vgpq <30 km/h

and

Define vjgp'» as

40 km/h < vgp, <45 km/h.

Conduct two tests, one with vgp; and one with vy, .

Use the fest where ngp is closest to the target rotational engine speed n, 4, ggr but not higher
ntarget BB

Npp' i < Margetpp fOr 1=1, 2

If the vehicle cannot fulfil the condition:

Mg i < Margerppr fOr 1=1,2

conditign e) shall be used.

gine
lition

than

e) Ifthe chpice of the gear selectoy position cannot fulfil the target conditions for the rotational engine
speed Marget BB’ and the target con_dltlon for the vehicle speed vy, 4. gg» Change the target condition
for the viehicle speed to-the following:

VBB = Viprget g + O KIl/h

Conduct the testswith that vehicle speed vgg. where ngp is closest to the target rotational epgine
speed ntarget BB

A gear changete-a-higherrangeandaloweraceelerationisallowedafterthe vehicle passestine PP’

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

Vtarget BB

8.3.2.3.4 Powertrains with no rotational engine speed available

Vehicles with a powertrain where no rotational engine speed is available shall fulfill only the target
condition for the vehicle speed vy, g pp’

The following conditions for fulfilling the target condition vy, 4. gp in 8.3.2.2 are possible.

a) Ifnorotational engine speed is available, it is necessary to fulfil only the target vehicle speed vy, g

BB™

30
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b) If no rotational engine speed is available and the target vehicle speed v, ¢ g’ cannot be fulfilled,

two test conditions shall be conducted as follows:
vpp1 for the first test condition is defined as
25km/h < vgp4 <35 km/h

and

vgp, for the second test condition is defined as

35 km/h < vy, < 45 km/h

Both test conditions are used for further calculation of L.

c¢) Ifnorotational engine speed is available and the target vehicle speed vy, gc; g 2Dd

=

spr1 defined as

DD

5 km/h < vy <35 km/h

dannot be fulfilled, it is necessary to conduct, only one test with vgg5'where

~

sp2 Is defined as
35 km/h < vgp, <45 km/h

The test condition for vgp, is taken for further calculation of L.,

NOTH What is the interpretation of broaden the window for the target vehicle velocity? The
velocity Vigreec g IS defined as vi,ge g = 35 km/h £:5°km/h which results in a window for the

target vehicle
velocity v gg,

when| the reference point passes line BB’, from 30 ki/h to 40 km/h If the target vehicle velocitly vi,.4e¢ g iS
changed into two target vehicle velocities, a lower and a higher one, the following is meant: The lower target

vehicle velocity is defined as the target vehicle velocity vy, g ggr reduced by 5 km/h (v,

-5
et BB
results in a window for the velocity v g 1, when the reference point passes line BB’, from 25

25km/h < vppy <35km/h
The higher target vehicle velocity1s'defined as the target vehicle velocity vy, 4. ggr increased by 5
gg’ + p km/h) which results in@ window for the velocity v gg. ,, when the reference point passes
35km/hto 45 km/h

35 knp/h < vy, < 45 knt/h

8.3.2l4 Acceleration test

When the reference point of the vehicle reaches AA', the acceleration control unit shall be f
and held¢fully engaged until the reference point reaches BB’ + 5 m. The acceleration con

km/h) which

km/h to 35 km/h

km/h (Vtarget
ine BB’, from

hlly engaged
frol unit can

then péreleased on request of the manufacturer.

8.4 Measurement readings and reported values
8.4.1 General

8.4.1.1 Measurement conditions and acceptance

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

The first four jth valid consecutive measurement results for any test condition, within 2,0

and for each

dB, allowing

for the deletion of non-valid results, shall be used for the calculation of the appropriate intermediate or

final result.
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8.4.1.2 Vehicles of categories M1 and M2 having a maximum authorized mass not exceeding
3 500 kg, and category N1

The maximum recorded A-weighted sound pressure level shall be noted, to the first significant digit
after the decimal place (e.g. xx,x), during each passage of the vehicle according to 8.3.1.4 (see Figure 1).
These values shall be used in all subsequent calculations. If a sound peak obviously out of character

with the gen

eral sound pressure level is observed, that measurement shall be discarded.

For indoor testing using ISO 362-3, pass-by sound is simulated by measurement of power train sound on
the dynamometer and energetical addition of the tyre/road sound (measured separately on an outdoor
test track) according to ISO 362-3.

8.4.1.3

Vi‘
categories M3

The maximu
after the deg
and BB'+ 5

obviously ot
be discarded

For indoor t¢
the dynamo
test track) a

8.4.2 Data compilation

For a given
all test runs
arithmetic a

All further d
final value t
shall be repg

NOTE 1
consistent wi

NOTE 2 Rd
See 8.5 for fu

8.4.3 Veh
3 500 kg an|

8.4.3.1 Ag

Cdlculations are carried out_independently on the left and right side of the vehicle to provide

icles of category M2 having a maximum authorized mass exceeding 3 500 kg\an
,N2,and N3

m recorded A-weighted sound pressure level shall be noted, to the first-sighificant|
imal place (e.g. xx,x), during each passage of the reference point of the yéhijcle betwee
m (see Figure 1). These values shall be used in all subsequent calculations. If a sound
t of character with the general sound pressure level is observed,that measurement
.

sting using ISO 362-3, pass-by sound is simulated by measurement of power train sou
meter and energetical addition of the tyre/road sound (measured separately on an ou
ccording to ISO 362-3.

Lest condition, the results of each side of thetvehicle shall be arithmetically averagg
separately for the left and right side. Theintermediate result for each side shall b
verage mathematically rounded to the first decimal place.

alculations to derive L, ., shall betdone separately for the left and right vehicle sidg
b be reported as the test resultShall be the higher value of the two sides. The final {
rted mathematically rounded to the nearest integer.

Lh vehicle noise emission behaviour.

porting results withi-one integer do not imply that the measurement is accurate to this prec
| treatment.

cles of categories M1 and M2 having a maximum authorized mass not exceeding
d category N1

celeration

=

digit
n AA'
peak
shall

hd on
tdoor

d for
e the

. The
esult

data

ision.

The acceleration for further use is the average acceleration of the four runs, as given by Formula (29):

Aacetest = (1 / 4))( I:aacc,test(l) + acc test(2) + acc test(3) + acctest(4) :'

where the numbers in round brackets symbolize the test runs .

32
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8.4.3.2 Reported value and final results

Calculate the reported value L for the acceleration test using Formula (30):

acc,rep
Lacc,rep = Lacc(i+l) +k |:Lacc,i - Lacc(i+1):| (30)

where k is the gear ratio weighting factor.

Calculate the reported value L for the constant speed test using Formula (31)

crs,rep

L s ren —. Lm«clu_ﬂ + k|—erc i Lr*rc(l'J.‘l ) —| (31)
T T \ 7 | 4 \ 7

In th¢ case of a single gear ratio test, the reported values are directly derived from the'tést{result itself.
The formulae used to determine the partial power factor, kp, are as follows:

a) Ip cases other than a single gear test, kp is calculated by Formula (32):

Kp = 1_(aurban /aacc,ref) (32)

b) Ifonly one gear is specified for the test, kp is given by Formulal(33):

kp =1— (aurban / Gaceest ) >

c) Ipcaseswhere a,.. .. isless than a, .,

xp =0 (34)

The final result is calculated by combining Formula (25) for L, ., and Formula (26) for L, .., as given
by Farmula (32):

L

I~

kP (Lacc,rep K Lcrs,rep ) (35)

urban ~ “accrep

The fiinal result, L
final result.

urban 1S mdthematically rounded to the nearest integer. This value is regorted as the

8.4.4) Vehicles ofcategory M2 having a maximum authorized mass exceeding 3 500 kg and
categories M3, N2,-and N3

When the result of one test condition is used, the final result, L
in8.4.2.

urban 1S the maximum valud as specified

When the result of two test conditions are used, the arithmetic mean of the two averages for each side
of these two conditions shall be calculated. The final result, L is the maximum value of the two
calculated averages.

urban’

The final result, L
final result.

urban 1S mathematically rounded to the nearest integer. This value is reported as the

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 result in a non-predictable way.
The uncertainty of results obtained from measurements according to this document can be evaluated
by the procedure given in ISO/IEC Guide 98-3 or by interlaboratory comparisons in accordance with
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ISO 5725 (all parts). Since extensive inter- and intra-laboratory data were not available, the procedure
given in ISO/IEC Guide 98-3 was followed to estimate the uncertainty associated with this part of
ISO 362. The uncertainties given below are based on existing statistical data, analysis of tolerances
stated in this part of ISO 362, and engineering judgement. The uncertainties determined are grouped as

follows:

a)

variations expected for L,.,,, within the same test laboratory and slight variations in ambient

conditions found within consecutive run test series (run-to-run). Changes in climatic conditions
and in background noise levels are negligible;

ay);

ment,

pvant

b) variations expected for L., within the same test laboratory but with variation in ambient
conditionsandequipmentpropertiesthat cannormally be expected during the vear {day-to

c) variatiops for L., between test laboratories where, apart from ambient conditions, equip
staff, and road surface conditions are also different (site-to-site).

d) vehicle-fo-vehicle variation: uncertainty for L., due to production variances.of noise rel
compongnts and different equipment.

NOTE1 Pdrt d) factors include but are not exclusive to: Tyres, battery state of charge, engine power d

variation, par

If reported,
coverage pr
determinati

NOTE2 Aj
conduct futuy

These data
coverage pr

t manufacturing tolerances, or variations in the vehicle mass

the expanded uncertainty together with the corresponding.coverage factor for the s
pbability of 95 % as defined in ISO/IEC Guide 98-3 shall/be given. Information o
bn of the expanded uncertainty is given in Annex B.

nex B gives a framework for analysis in accordance with [SO/IEC Guide 98-3, which can be u
e research on measurement uncertainty for this doctithent.

are given in Table 5 for two different vehicle categories. The variability is given
bbability of 95 %. The data from a, b, and-c'express the variability of results for a ce

measurement object and do not cover product variation.

The total va
is provided
the scope of

iation comprises uncertainty soutces from a), b), c) and d). The estimate for total vari
for reference only. Variation betweéen different units of a production process is not W
this standard.

utput

tated
h the

ted to

for a
rtain

ation
ithin

Tahle 5 — Variability of measurement results for a coverage probability of 95 %
Run-to- | Day-to- | Site-to- vl::::dtl:z;
Vehicle eategory run day site at dicffer-
dB dB dB ent gites
M1, M2 having a maximum authorized mass not exceeding 1,1 2,1 3,3 35
3500 kg and|N1
M2 having a makimum authorized mass exceeding 3 500 kg and 0,5 1,1 1,5 2)0
N2, M3, N3

The data for site-to-site variability can be used in test reports to state the expanded measurement

uncertainty

for a coverage probability of 95 %.

9 Testreport

The test report shall include the following information:

a)
b)

areference to this document, i.e. ISO 362-1:2022;

temperature, wind direction, barometric pressure and humidity;

<)

34

the type of measuring equipment, including the windscreen;

the details of the test site, site orientation, and weather conditions including wind speed and air
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f)
g)
h)

j)
k)

D)

m) rnode, if applicable, of vehicle operation.

ISO 362-1:2022(E)

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

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;

the transmission gears or gear ratios used during the test;
the location of the beginning of the acceleration;

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

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

dll valid A-weighted sound pressure level values measured for each test, listed according to the side
df the vehicle and the direction of the vehicle movement on the test site.

dny methods or devices per Table 4.
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Annex A
(informative)

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

A.1 Gene

Annex A is 1
from 1998 u
the standarq
inform deve
understood

A.1.1 Exp

This annex §
chosen to m
annex is int
the procedu
this annex U
databases.

As vehicle foise emission is subject to regulation,-an exterior noise measurement procedu

vehicles is u
procedures
typical urba
as defined iy
surfaces wit
range of act
designed to
procedures
controllable
the control g
part control
prior versiof

ral

etained to provide background information on the development of ISO 362-1 in'the
htil the publication of the first edition in 2007. This information will provide future us
| information on the methods and assumptions used by the developers of thefirst edit
opers of future editions. As such the terms relating to the time, such as®present”, shoy
n the context of the publication of the first edition of this standard,

lanation of technical background

rives general technical background relating to the urban.fiojse situation and the app
casure the noise contribution of a single vehicle in the overall urban noise situation
ended to provide information to evaluate the concepts used to guide the developmsg
Fes defined in this document. In support of the goal of providing background inform
ses examples drawn from the actual in-use sti{dies but does not present the full i

sed to evaluate the noise emission of the.measured vehicle in typical urban traffic. Th
Hefined in this document provide a-measure of the noise emission of different vehic
h use. The noise emission so measured assumes a road surface with similar character
) ISO 10844. I1SO 10844 is representative of well-constructed and maintained asphalt

time
brs of
onto
Id be

roach
This
ent of
htion,
n-use

e for
b test
es in
istics
road

h small aggregate sizes. Reference [6] has shown the ISO 10844 surface to fall withi

by the vehicle manufacturer. Other contributors to the traffic noise situation are ou

f vehicle manufacturers. These items include road surfaces, traffic regulations, afterm
in-use noisg-emission monitoring, and effective enforcement mechanisms. Annex

1s of 1SO 3621 provided the technical background on the development of ISO 362-1.

of this docu
the time per

ent arédirected to earlier versions of [SO 362-1 if technical background information
iod of 1997 - 2007 is required.

the

h1al road surfaces in both the United States and Europe. Road surfaces that are specifjcally
be “silent” provided lower noise emission than the ISO 10844 surface. As a resulf, the
described in this daciiment represent a measure of the vehicle noise emission that is

tside
arket
| A in
Jsers
from

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

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

The result of these conditions is that ISO 362:1998, as implemented in regulations, measures vehicle
noise in a condition dominated by powertrain noise. Since this condition is only rarely observed in
urban traffic and tyre/road noise has been deliberately suppressed, the reported regulated levels do
not provide a good measure of typical vehicle noise in urban traffic. Therefore, a new procedure that
enables improved measurement of the actual level of noise due to vehicle emission in urban traffic and
accounts for the technical developments in vehicle propulsion and transmission technology is a positive
development for both directing government policy actions and for indicating to vehicle manufacturers
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A velpicle noise measurement procedure intended to describe the actual behaviour sho
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proved metric foroptimmizing the Teduction of vetticte ofse enmission:

}  The contribution of an individual vehicle to overall traffic noise

ence [9] showed that noise is an important concern for people living iplarge citie
endure is due to different sources: neighbours, city noises (street sweepers, sirens, €|
ays, and road traffic. The noise of these different sources can be subjeet to regulati
pf controlling the maximum noise in front of buildings.

oise in front of buildings due to road traffic noise depends on different factors:
he way cities are built (primarily the distance between living houses and roads);
he actual traffic on the roads (number of vehicles);

he road surface as a contributing factor to tyre/read noise;

he sound path (noise transmission) control between the source and receiver (noise ba
hsulation, etc.);

he behaviour of drivers, which depends-on

peed limits (traffic laws),

raffic density,

oad arrangement (traffic lights, corners, etc.),

riving purpose (commuting, pleasure, commercial, etc.),
nforcement oftraffic laws, and

he way the'vehicle behaves as an acoustical source under these conditions.

| dfiving conditions into account. Because there are many different driving condition

ofa“

s. The noise
tc.), aircraft,
bns with the

rriers, sound

uld take the
s, the choice

representative” driving condition is difficult.

A.1.4 Information from previous traffic noise studies

Actual driving conditions do not all have the same influence on road traffic noise. As an example, some
conditions occur on country roads, where nobody is annoyed by the noise.

Unde

r what conditions is road traffic noise the most disturbing for dwellers?

A response to this question has been given by a study[19] (see Table A.1).
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Table A.1 — Where are dwellers disturbed by vehicle traffic noise emission?

Annoyed Road Annoyed Road

Street-type Vallowed People Length People Length
inkm/h in m in % in %
Motorway 80-120 1145 11 250 2,0 6,9
Residential streets 30 13 501 27 060 23,1 16,6
Main streets 50 42704 109 233 73,0 67,1
Main streets 60 583 2130 1,0 1,3
Arterials 70 139 3390 0,2 2,1

Arterials 80 407 4500 0,7 28
i g

Arterials 100 21 5300 0,0 L /
Total number pf inhabitants 220 000 58 500 162863 100 % L1009
100 % 26,6 % 0 ”

Percentage of
(FIGE study fr

+3 % of all ped

various road categories in terms of network length and noise-affected residents in a lﬁ%m-sized cityl

bm Dec. 98) O

ple feel annoyed from noise emission during high acceleration. \%
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notations of

Inquiries am
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Table A.1 and all other figures in this Annex are directly copied

\
anQhe literature; therefon
uantities and units do not always follow the use in this docume@

ong dwellers along various streets show that noise d@.gbance happens mainly

o
&

S

affic speed is 50 km/h on these main streets (for the roads on which maximum all
tm/h) as shown in Figure A.1 based om@search from Reference [9].

ban main streets, and

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

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

noisiest real

38

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

A.2.

1 General

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

A2,

A.2.2.1 General

A.2

A.2.
Two
vehi

the traffic environment.

The

driver, or the transmission .Computer in the case of automatic transmissions, in orde

vehi

independent parametéss of

A.2.

.4.1.1 The vehicle noise depends mainly on three vehiclé\parameters:

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

ntative and

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

yehicle speed;
vehicle acceleration (engine load);

gngine rotational speed (for internal combustion engines only).

3.1.2 Tyre/road noise is incorporated by its dependence on vehicle speed and vehicle
bf the three parameters, vehicle speed and vehicle acceleration, describes driving be
dle parameters depend on the drivér's commands (input), but also on the vehicle perf¢

third condition, engine/rotational speed, is an additional parameter which is man

dle acceleration and_vehicle speed. Thus, it is necessary that the urban traffic study i

<

ehicle speedyand

yiehicle aeceleration.

S).

2 Technical concepts for in-use vehicle measurement of urban driving behaviour

hcceleration.
haviour. The
rmance and

aged by the
 to achieve
dentifies the

2.1.3" In order to obtain this information, a study of the actual urban driving has beel]l performed,

3 I 4} £11 .
inclu CITITE CITE TOITOWIIITG?:

a)
b)
‘)
d)
e)
)

recording of vehicles in urban traffic;

extraction of acceleration phases;

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

identification of the corresponding engine rotational speed;

eed;

for all vehicles, the urban behaviour is assumed to depend mainly on the vehicle performances,
which can be described by the power-to-mass ratio (PMR). A regression analysis is, thus, performed
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between the PMR and the highest urban acceleration, and the corresponding engine rotational
speed is recorded.

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

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

this

power, it is
parameter i
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urban a
for man
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in-use behaj
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atio between manual transmissions, (52'manual transmission) and automatics (9 incly
pximately represents the Europeanmarket.

were driven in eight different cities in Europe and Japan. The route selected to r
parameters (see Figure A.2)\is representative of the different types of roadway, h
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Figure A.2 — Time history of driving parameters

.3 Identification of time events

the acceleration during driving was determined from the driving studies. To providg

for each 2 s acceleration phase was extracted (maximum acceleration a,,,,), toget
le speed at which it occurred (v, ,,,,)- Thiscwas carried out according to the meth
eA.3.

VEHICLE OPERATION URBAN DRIVING CONDITIONS
TIME HISTORY

(1 vehicle - 1 gear - 1 acceler

> Vehicle acceleration

Per acceleration phase,
considered parameters :
max * Amax
L]

VAmax

 a figure for

ation, the average value of the acceleration overid2 s moving period was calculated. The maximum

her with the
bd shown in

ation phase)

Each

& ,;I
H i Time 90min

Figure A.3 — Maximum acceleration definition

acceleration peak a,,,, was stored together with the speed v, .,

event.

©ISO

2022 - All rights reserved

and the gear ratio as a single

41


https://standardsiso.com/api/?name=1b7bae2ec814b0af8b201eb2988a102b

ISO 362-1:2022(E)

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

max a,max

occurs, as shown in Figure A.3, are represented as a histogram and as a cumulative probability function
for each gear. See Figure A.4 for peak acceleration and Figure A.5 for vehicle speed.

For each gear ratio and for all roads, the 90th percentile of peak acceleration a,,, oo at the most probable
speed (50th percentile) v, ... 5o and the 90" percentile of peak acceleration ay,,, oo at the maximum

speed (90th percentile) v

amax 90 are considered.
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Figure 4.4 — Histograms and camulative probability functions of maximum acceleration
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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 a

each gear ratio and for all gear ratios together.

JULY 04 2000, TWO DIMENSIONAL PROBABILITY DENSITY V acoreak ” AC

max and v, ., (see Figure A.6). This figure shows the probability density for
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number 2

Lookjng at this diagram, one can.see the maximum value of the acceleration for each gear r

grap
spee

It is |

of all the gears and all the values shows that the maximum acceleration depends o
, with acceleration decreasing with increasing vehicle speed.

using values from Eigtires A.4 and A.5. This has been done in Figure A.7, which includes
reprgsentation ofBigure A.6. The points [ay,,, 90, Vg max 90] @re also drawn for each gear rat
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Figure A.7 — Interpolation at 50 km/h

passing through the points [a,,,x 90, Vgmax s0] corrésponding to each gear ratio

of the typical in-use limit of vehicle accelerationcas'a function of vehicle speed. Bu
curve representing a maximum, one can also consider the curve passing throug

between the two curves.

b the two curves at 50 km/h enables'one to estimate the 90th percentile of the acceler
percentile of the velocity at 50-Km/h, and the 90th percentile of the acceleration fq
Lile of the velocity at 50 km/h. The limit value of the acceleration at 50 km/h is somey
se two points.

r ratio, the vehicle speed corresponds to an engine rotational speed n. To be indepel
ne rotational speed S, all engine speeds are expressed as a ratio between engine rotat
ited engine rotational speed, called n/S. Performing the same interpolation, one can o

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

— accelerations come from Figure A.4,

gives
t this

is still below the maximum value observed forthe acceleration in traffic. To estimdte an

h the

b0 Vamax 90)- This curve is entirely above thednaximum acceleration. Thus, the limit vallue is

ation
r the
Uhere

ndent
ional
btain

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

— enginer

otational 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
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rotational speed on the left scale.
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s stage, it is not yet known how to describe precisely.the noisiest behaviour in urban

b Acceleration as a function of engine speed

ing at the detailed results in Figure A.8,Git can be seen that the engine speed
endent of the gear ratio at a,,,, (. Of course, the vehicle speeds are different for eac

5 in order to get an “average behaviour” at 50 km/h. This is carried out as follows:

eak accelerations are “compressed” using the ratio (a,,,, 90,50 km/h)/(a,,.490 V4 max)
ach gear;

ngine speeds are calculated using v and the corresponding gear ratio.

a,max

interpolation gives'the acceleration that would have occurred at the same engine
le speed had been50 km/h. This leads to the two-dimensional diagram of Figure A.9.
iour in urban‘traffic can be found from this diagram.

Figure A.8 — Interpolation (a,,,, 99 = f(v), n/S(a,,.,)) between gears, for vehicle number 2

traffic.

is generally
h gear at the

ho condition. This observation leads to*the idea that it is possible to “merge” the resuls of all gear

one ratio for

speed if the
The noisiest
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A.2.6 Nois

In order to 4
behavesina
the noise is
sound press

Since only the acceleration is known, the acceleration ability (wide-open-throttle acceleration) of

vehicle is re
The results {
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Figure A.9 — Bi-dimensional density of probability a = f(n/$) at 50 km/h

tudy the partial load vehicle noise, it is necessary’to make the assumption that the
linear way, at least as a function of the engine load'and engine speed. Under this assumption,
interpolated between a wide-open-throttle~sound pressure level and a constant-g

noise

peed

each

uired. This value is measured on d test track at different speeds and with all gear rptios.

The accelerption is evaluated duringsa’“stabilized acceleration starting before the measurgment

point. Differ

ent starting speeds lead. to different vehicle speeds at the measurement point, which

allows drawjing a curve of the acceleration at the measurement point as a function of the speed 4t the

measurement point.

From these
defined by the quotient ag/ay. ;.

4

curves, the 50-Km/h value is extracted and is used to calculate the partial load factor

f
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Figure A.10 — Wide-open-throttle vehicle acceleration (a, ) = 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.
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ure A.11 — Vehicle noise emission levels as a function of gear, throttle, and vehi

the graph of Figure A.11, vehicle accelerations,ahd the level of noise at 50 km/h are
ch gear. This information can be used to find. the iso-noise curve, using a bi-linear i
een the full-load and constant-speed measutements as shown in Figure A.12. This iso
e approximated by a straight line, defined by the slope at the intersection between thg
tle test sound pressure level and the cruise-test sound pressure level.
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Figure A.12 — Constant-noise curve

This straight line is placed in Figure A9 and moved parallel until 90 % of the acceleration events
are below the line as shown in Figure A.13. All driving events below this line are less noisy and this
position of the line defines the 90th percentile of the level of noise. The intersection of the tangent to
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the constant-noise line with 90th percentile acceleration gives the engine speed at the 90th percentile of

noise emissi

NOTE

The point n
under the “h
was perforr
driving.

A.2.7 Ave

Results froi
procedure.
vehicles, thg
speed n/S h

on.

Iso-noise as used in Figure A.12 is equivalent to “constant noise”.
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Figure A.13 — Definition of (n/S) 4, 4,90 at 50 km/h

S at the 90th percentile of noise and 90th percentile of acceleration gives the “noisiest’
ighest” acceleration and Was retained as the noisiest realistic urban case. This calcul
hed on each vehicle testéd to develop a database of vehicle performance during U

rage behaviour-during urban driving

h 52 vehicles with manual gearbox were analysed according to the above desc
'he nineadditional vehicles with automatic gearbox were analysed separately. For
90th-percentile peak acceleration at 50 km/h and the corresponding engine rotat
hve been correlated to the power-to-mass ratio (PMR). A logarithmic regression has

case
ation
rban

ribed
these
ional
been

performed f
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br 42 < (PMR) < 400 and is shown in Figures A 14 and A15
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Vehicle Class M1,N1,N2,N3 : (A..ax).90 (90th percentile of maximum acceleration)
(automatic and mechanical transmission vehicles)

® (Amax)30,N/SL90 (52 vehicles) Mechanical
® (Amax)90,N/SL90 (9 vehicles) Auto
35 | —— Logarithmigque ((Amax)90,N/SL90 (9 vehicles) Auto)
' —— Logarithmique ((Amax)90,N/SL90 (52 vehicles) Mechanical)

3
- 25
g 2
@
E
8 2 '
L ]
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|
1 | )
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Figure A.14 — Regression curve,,,,, = f(/pyr) for 52 vehicles

Vehicle Class M1,N1,N2,N3 : (N/S}s) smaxvep=sokmm» €Ngine speed for max acceleration,
(automatie and mechanical transmission vehicles)

) ® N/SL90 15.09.2003 Status (52 vehicles) Mechanical

09 TN ® IN/SL80 15.09.2003 Status (9 vehicles) Auto

NIS, g

0,2 R?=10,54 ly=1,65x0%2
R?=0,69

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

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

Examining these figures, it can be concluded that

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

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

itis wea

kly dependent on the vehicle speed (for 30 km/h < v < 60 km/h).

These conclusions are consistent with intuitive expectations of vehicle behaviour in real traffic. A driver
uses the acceleration capability of the vehicle to maintain position in the traffic flow. The percentage of
the vehicle's acceleration capability used is higher for lower power-to-mass ratio vehicles and lower
for higher power-to-mass ratio vehicles. The corollary result is that lower power vehicles use higher
engine rotational speeds, and higher power vehicles use lower engine rotational speeds. The results
for automatic transmlssmn vehlcles show that urban acceleratlon and engine rotatlonal speeds are

less. These
define the

A.2.8 Wid

A.2.8.1

For manual
is selected H
available po
shall be detd

On atesttra
on a distanc
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The interpol

orst case (highest) sound pressure levels.

e-open-throttle acceleration

Individual vehicle analysis

fransmission vehicles, the engine speed is not known. It depends@on-the gear ratio, ¥

wer (PMR) of the car. The acceleration capability under typical urban driving cond
rmined.

ck complying with ISO 10844, measurements were performed with wide-open throttl
e of (20 m + vehicle length) for each gear i.

vot ; @S @ function of vehicle velocity were recorded and are shown in Figure A.10.

furves, the 50 km/h value was obtained.

ation factor, k,, between gears i and (1) was then calculated, using the statistical

5 given by Formula (A.1):
S )as0 —(”/5)(i+1)

of (n/8) 90 @
k,= (n
(n

Finally, the
engine rotat

Aot 50

as shown in

$)i—(n/S)iw)

wide-open-throttle acceleration at 50 km/h with the corresponding non-dimens
jonal speed at the 90t percentile of noise was calculated by Formula (A.2):

Uyyot (i+1) + k [(awoti ~Ayot (i+1) ]

Figure AA6(

sults

vhich

y the driver. A typical driver tries to keep an acceleration reserve which depends o the

tions

e and

value

(A1)

ional

(A.2)
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Figure A.16 — Determination of wide-open-throttle acceleration a5,

A.2.8.2 Statistical analysis of wide-open-throttle acceleration

The measurements were performed for 127 vehicles. These weve different from the vehi¢les used for
the i:ﬁ)itial in-use driving behaviour studies. The logarithmic.regression through the individual vehicle
0t o POINts as a function of the power-to-mass ratio gives-a,, . s and is represented in Figure A.17 for
20 < PMR < 220.

Vehicle class M1,N1,N2,N3: Wide operthrottle acceleration Ay gy ypp=50 km/h
calculated using noise test track data (mechanical transmission)

3 . %)

o AWOTVPPS0 15002003 427vehicles calculated with N'SLOO
—— Logarithmique (AWOTY AP5015.09.2003 127 vehicles calculated with N/SL90)
251 T I G~ T . | Y

¢ ¥ =1,59l0g1o(PIM) - 1,41

Awor (m.s-2)

05

0 el
0 0 40 60 80 100 120 140 160 180 200 20 240 260
BTV (KWIT)

Wide open throttle acceleration (V=50 km/h)
Regression curve Ay,or = f(P/M) (127 vehicles)

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

The wide-open-throttle acceleration, a,,, ¢ at the same peak acceleration engine rotational speed,
(n/S);99» which was measured in urban traffic, increases with the power-to-mass ratio. Also, the
wide-open-throttle acceleration, a,,, . at the same engine rotational speed as the urban traffic peak
acceleration (n/S) 9, is almost always greater than the urban traffic peak acceleration, i.e. a

90"

wot,ref > Apax
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A.2.9 Partial power factor, kp

A parameter (1 - kp) is defined as the ratio of the vehicle urban traffic peak acceleration a,,, 9, to the
vehicle wide-open-throttle acceleration a,,, ¢ at the same engine rotational speed (n/S) 4, as given by
Formula (A.3) and at the same vehicle speed, as given by Formula (A.4) for a vehicle velocity of 50 km/h:

1-kp = Amax 90 for vehicle velocities at (n / S), 9 (A.3)
yot, ref
If vehicle velocities are 50 km/h
1-kp = [fmax30 (A4)
awot, ref
with a, ., o¢ measured at 50 km/h and a,,,, measured at 50 km/h and a non-dimensional epgine

speed equal|to 90t percentile noise emission. With this definition, (1 - kp) can be interpreted gs the
acceleration|reserve that the driver maintains above the maximum acceleration useddn"urban traffic.

Vehicle class M1,N1,N2,N3: k; torque factor calculated with 4
(mechanical transmission)

urban and Awot
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Wideopen throttle acceleration, Ayt
Maximumcacceleration un urban driving conditions A, ,.,,
Load factoxkp =1 - (Aypan/Awet) (kp =0 if wide open throttle)

Figure A.18 — k, factor

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

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

— vehicle speed of 50 km/h;
— vehicle at peak acceleration, @, e
— partially open throttle (partial power factor).
This measurement is implemented as follows:

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

— For all measurements, the vehicle speed is measured in front of the microphones at PP’;
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— The vehicle acceleration is the average acceleration value between AA' and BB' according to

Formula (A.5):

2 2
awot,test,j :[(VBB' /3'6) _(VAA' /3:6) :|/2(120 +Iref) (A-S)
where
Aot test, j is the numerical value of the acceleration, expressed in metres per second squared;
VBB Van are the numerical values of the velocity, expressed in kilometres per hour;
Lho Lot are the 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 combinatien of the fgpllowing two
test rlesults using the hypothesis that for one vehicle speed and one engine rotational speed, the vehicle
soungl pressure level is proportional to the engine torque:

— the wide-open-throttle test in which the vehicle acceleration redches the a ..f acceleration and

gmits the measured level of noise Ly, rep;

— the constant-speed test (50 km/h) with the vehicle emitting'the measured level of noige L rcp-

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

Lurban = Lwot, rep _kP (Lwot,rep _Lcrs,rep ) (A-6)
A.2.12 Choice of the i and (i + 1) gears
The Wide-open-throttle acceleration af ser is simulated by the combination of the a,,q ; and @y (; + 1

accelprations corresponding to the two,fand (i + 1) gears for the conditions given in Formulae (A.7) an

(A.8)

S

wot(i+1) <Qyot,ref <Awot-i (A7)

and

=

= I:awot, ref 7%wét (i+1) :I / [awot i ~%wot(i+1) ] (A.8)
wherje k is defined as the interpolation factor between the i and (i + 1) gears.

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

The wide-open-throttle level of noise Ly, ., Or constant-speed level of noise L, of a vehicle is
a combination of the measured level of noise for the i and (i + 1) gears at wide-open throttle and at
constant speed, using the hypothesis that noise is proportional to engine speed if vehicle speed and

engine load are constant as given by Formula (A.9) and (A.10).

Lwot,rep = Lwot(i+1) +k [Lwot i~ Lwot(i+1) } (A.9)

Lcrs,rep = Lcrs(i+1) +k I:Lcrs i~ Lcrs(i+1) } (A.10)

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, L., represents the 90th percentile of noise
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emission during typical urban conditions. Figure A.19 summarizes the procedure for cars and light

. i dforth Steps to perform during the Referel}c.e val.ues cc{mir.lg
ormulas 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/IM) +1.41 |

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

Lyot = Luotery * K (Lyory” Lwot(l+1))> Weighted combination of the results

k= (Ayor = a1) | (3, - 8,y) according to the reference acceleration

Perform measurement of noise level |

vans.
NOTE Th
A.2.14 Peri

During urban driving, what is the time percentage duning which the vehicle level of noise exceed

one which i
map, measu

JUNE 2

for constant driving for two different gears i and i+1

Weighted combination of the results
according weighting factor for the WOT test

Lot = Lesyirn) * K (Lesty ™ Lesten)
k= (Ayor - ) [ (8- ay,9)

Pick up target acceleration a, .., |< 8,000 = 0.63 Log (P/M) - 0.09 |
| Ko =1 - @,an | Anor )>| Calculate part power factor |
—
L =L, - Kollyor ~ Les) >| Calculate noise level representing urban driving |
Reported result of

the type approval test

Figure A.19 — Pass-by noise measurement procedure

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

od exceeding the measured level of noise

b measured according to the suggested.procedure? Figure A.20 describes a vehicle
‘ed for all throttle conditions, all gearratios, and all vehicle speeds.

3 2 000, VEHICLE SPEED AND VEHICLE NOISE TWO DIMENSIONAL PROBABILITY,
DENSITY VEHIC. 23 ROAD ALL GEAR ALL VALUES 294
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Figure A.20 — Maximum level of noise emitted by vehicle in urban driving conditions at the

maximum acceleration — Density of probability along the trip

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

54
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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 maximum noise emission for the acceleration phase does not
exceed the on-track-edge-measured level of noise according to the procedure defined in this part of
ISO 362, except for a small percent (2 % in the given example) of acceleration phases under 50 km/h
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le's urban traffic sound pressure level during the driving phase causing most dist
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e maximum noise emitted during the acceleration phases in urban’traffic. The metH
ntion of all significant vehicle noise sources to provide the 90t percentile estimate

emission in an urban environment. This noise estimate\should provide good cc
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pbximates the noise characteristics specified in ISO 10844."Road surfaces of this type 3
e, with road surfaces specifically designed to be “léw’noise”, having lower noise em
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method takes into account real driving behavieur, which depends on the acceleration g
e power-to-mass ratio of a vehicle. The method is based on the performance criteria of]
5 independent of the vehicle technology, transmission type, number of transmission g
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ling adaptive automatic transmissions, hybrid vehicles

orized

measure a
urbance, i.e.
th percentile
od provides
bf a vehicle's
rrelation to
ndition and
re presently
ission levels

otential and
acceleration
pars, and the
ure vehicles,

©ISO

2022 - All rights reserved

55


https://standardsiso.com/api/?name=1b7bae2ec814b0af8b201eb2988a102b

ISO 362-1:2022(E)

Annex B
(informative)

Measurement uncertainty — Framework for analysis according to

ISO/IEC Guide 98-3

B.1 Gene

The measur
the resulting
completely }
for expressi
ISO/IEC Gui
of uncertain
obtained. Uy

variatio
devices;

variatio
measur

variatio
variatio

effect o
influend

effect of
(air pre
temperd

test site

The uncert
document. I
of the manu
process are

The uncerta

ral

bment procedure is affected by several factors causing disturbance that lead tg'variat
r level observed for the same subject. The source and nature of these perturbations af
rnown and sometimes affect the end result in a non-predictable way. The aecepted fd
pn of uncertainties generally associated with methods of measurement is that givj
le 98-3. This format incorporates an uncertainty budget, in which all)the various so
Ly are identified and quantified and from which the combined standard uncertainty c
certainties are due to the following factors:

hs in measurement devices, such as sound level meters, calibrators, and speed-meas

hs in local environmental conditions that affectisound propagation at the tin

ement of L, a0

hs in vehicle speed and in vehicle position during the pass-by run;
hs in local environmental conditions that affect the characteristics of the source;

[ environmental conditions (air pressure, air density, humidity, air temperature)
e the mechanical characteristicsofithe source, mainly engine performance;

environmental conditions that influence the sound production of the propulsion sy
ssure, air density, humidify) air temperature) and the roiling noise (tyre and road su
ture, humid surfaces);

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

hinty determined according to 8.5 represents the uncertainty associated with

does not cover the uncertainty associated with the variation in the production proc
facturer.{The variations in the urban sound pressure level of identical units of a produy
butsidesthe scope of this document.

nty, effects can be grouped in the three areas composed of the following sources (see

onin
e not
rmat
en in
rces
an be

uring

ne of

that

stem
rface

this
esses
ction

8.5):

a)

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

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

b)

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

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

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

d)

and different equipment e.g. tyres as well as variations in the vehicle mass.

56

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

vehicle-to-vehicle variation: uncertainty due to production variances of noise relevant components
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The site-to-site variation comprises uncertainty sources from a), b), and c). The day-to-day variation
comprises uncertainty sources from a) and b).

The total variation comprises uncertainty sources from a), b), ¢) and d). The estimate for total variation
is provided for reference only. Variation between different units of a production process is not within
the scope of this standard.

B.2 Expression for the calculation of sound pressure levels of vehicles in urban
operation

The general-expressionforthe-caletlation-ofthe urban-operationsoundpressurelevel I, . is given
by Farmula (B.1):
Leran = Lacc,rep - kP (Lacc,rep - Lcrs,rep) + 61 + 62 + 53 + 64 + 65 + 66 + 57 (B'l)
wherje
Locerep is the A-weighted sound pressure level from acceleratign-fésts;
Lersrep is the A-weighted sound pressure level from cruise tests, if applicable;
kp is the partial power factor, if applicable;
d; is an input quantity to allow for any uncertainty in the measurement system;
d, is an input quantity to allow for any«iiicertainty in the environmental copditions that
affect sound propagation from the source at the time of measurement;
d; is an input quantity to allow for-any uncertainty in the vehicle speed and psition;
d, is an input quantity to allow for any uncertainty in the local environmental conditions
that affect characteristics of the source;
ds is an input quantity:to allow for any uncertainty in the effect of environmentpl conditions
on the mechanical characteristics of the power unit;
ds is an input quantity to allow for any uncertainty in the effect of environmentpl conditions
on the solind production of the propulsion system and the tyre/road noise
d; is-aninput quantity to allow for any uncertainty in the effect of test site properties, pri-
marily related to road surface characteristics.
NOTH1 The'inputs included in Formula (B.1) to allow for errors are those considered applicabl¢ according to
the stlateof\knowledge at the time when this document was being prepared, but further research could reveal
that thete are others.

NOTE 2  For vehicles of category N2, N3, and M2 with authorized mass exceeding 3 500 kg and category M3, kp
is always zero.

NOTE 3  The estimated values of the delta functions can be principally positive or negative although they are
considered to be zero for the given measurement (see Table B.1). Their uncertainties are not additive for the
purpose of determining a measurement result.

All variations, mentioned in Annex D, affect the measurement results L

deviation of a quantity i AL, .y may ; F€gard to the final result L

- kp’(AL

ors and L, ., so that the maximum

urban €an be expressed by:

ALurbam, max dev, i = ALacc, max dev, i acc, maxdev,i ALcrs, max dev, i) (B'Z)
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where

ALgcc max dev, ;1S the maximum deviation of the quantity i of the sound pressure level from accelera-

tion tests;

AL s max dev, i 1S the maximum deviation of the quantity i of the sound pressure level from cruise

tests, if applicable;

kp is the partial power factor, if applicable;

B.2.1 Uncertainty determination by the principle of peak-to-peak estimation (three
sigma rule|)

One simple gossibility to set up an uncertainty budget is to determine the single uncertainties.(standard
deviations) of the relevant quantities by using the principle of the “three sigma rule of. thtmb”| This
principle describes a way to calculate the standard deviation based on a peak-to-peakmalue estimfation
(maximum dleviation) of a quantity. Provided the values of the quantity are normal’distributed, it is
assumed that all values within a range of three standard deviations (99,7 %). The standard deviation
(single sided value) of a quantity i is calculated as follows:

AL i
urban, max dev, i
ULurban, { = 2.3 (B.3)
where
AL 1pan fnax dev, i 1S the estimated maximum deviation (peak-to-peak) of the sound pressure|level

under urban conditions for the quantity7;

ULurban, i is the standard deviation of the sound pressure level under urban conditions for
the quantity i;

2 single side factor

3 factor for the confidence interval of 99,7 % (three sigma level)
NOTE 2  In|practice the peak-to-peak-estimation is based on measurement results or engineering experjience.
In case of doybt that all values have.bheen determined it is recommended to set the confidential interval o two

sigma (95 %)| In that case the facter'for the confidence interval is 2 instead of 3.

Figure B.1 shows an exampletor a normal distributed quantity and the relation between standarfl and
maximum deviation
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re B.1 — Example for a normal distributed quantity with peak to peak estimation for 95 %

principle of the peak-to-peak estimation.is;also applicable for relevant quantities
hetric probability distributions. The calculation of these uncertainties shall follow the
D/IEC Guide 98-3:2008, Clause 4 In addition to the normal distribution the most co
rectangular distribution. The standard dée¥dation is calculated as follows:

AL

urban, max dev, i

(factor 2) and 99,7 % (factor 3)

Lurban,i =

S

L

urban max dev, i

2.3

is the-€stimated maximum (peak-to-peak) deviation of the sound pressur
urban conditions for the quantity i;

is the standard deviation of the sound pressure level under urban cond

with other
descriptions
mmon is the

(B.4)

e level under

tions for the

Lurban, i - ;
quantity i;
Y, single side factor;
V3 factor for the determination of the standard deviation of a rectangular distribution

Figure B.2 shows an example for a rectangular distributed quantity and the relation between standard
and maximum deviation
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