TECHNICAL ISO/TS
SPECIFICATION 19425

First edition
2015-12-15

Reciprocating internal combustion
engines — Measurement methO(;r for
air cleaners — Sound,power leve]
of combustion air.inlet noise and
insertion loss using sound pressuyre

Moteurs alternatifs a combustion interne — Méthode de mdsure du
bruit des purificateur$yd’air — Niveau de puissance sonore u bruit

d’entrée d’air de combustion et de perte d’insertion utilisant une
pression sonore

-_— Reference number
=/ N— ISO/TS 19425:2015(E)

©1S0 2015


https://standardsiso.com/api/?name=9e0c92f01506701b78d2c330aa687730

ISO/TS 19425:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland

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

ISO copyright office

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

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

WwWw.iso.org

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=9e0c92f01506701b78d2c330aa687730

ISO/TS 19425:2015(E)

Contents Page

FOT@WONM ... oottt iv

| 0 0 Yo L0 Ut 5 () ¢ OSSOSO v

1 S0P .. 1

2 Normative references

3 Terms and definitions

4 Test environment .5
4.1 (TS 0 =) =1 .5
4.2 Criterion for background noise w5
4.3 Criterion for acoustic adequacy of test environment ...y o 6

5 DT 00001 41 N 0 ) o O = b S
5.1 (07 013 = | T s S
5.2 Calibration
5.3  Application

6 Installation and operation cCONditions ... A 7
6.1 GEIETAL ..o s 7
6.2 INStaAllation CONMATEION ..o 7
6.3 OPeration CONAITION ... s e 8
7 Measurement

7.1 General
7.2 Measurement uncertainty
7.3 Characteristic SOUICe diMENSION ........ 50 cooooeeeeceeceeeeeeeeeseeeseesesees s sssssssssssseeeess s eeseeeeess s 10
7.4 Measurement radius
7.5 Y EE= T N Q=Y 00 =) AN 00 = Lol<= Ve o =1 4 T et

7.6 MICTOPRONE AITAYS. ..o Lo
8 Calculation
8.1
8.2 Calculation of sound power level
8.2.1  Mean time-averaged sound pressure [eVels ... |, 12
8.2.2  Corrections for background NOISE ... 13
8.2.3  Corrections for environmental
8.2.4 Surface time-averaged sound pressure levels
8.2.5- N\ -8S0UNd POWET LEVEIS......ooccooivriiii s
8.3 Calculation Of INSEITION LOSS ...
9 INformation t0 Be reCOTed. . ... e 15
10 T@STEIEPOTE ... 16
Annex A'(normative) Qualification procedures for the acoustic environment....................ccoo.fen 17
Annex C (normative) Sound power level under reference meteorological conditions.......................... 22
BIDLEOZTAPIY . ...t 24

© 1S0 2015 - All rights reserved iii


https://standardsiso.com/api/?name=9e0c92f01506701b78d2c330aa687730

ISO/TS 1

9425:2015(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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This Technical Specification specifies methods for measuring the sound power level of combustion air
inlet noise and the insertion loss of air cleaners installed on reciprocating internal combustion engines.

Sound power level of combustion air inlet noise, insertion loss, and transmission loss are parameters to
characterize the acoustic performance of air cleaners. Sound power levels of combustion air inlet noise
and insertion loss are important parameters to characterize the acoustic matching performance of air
cleaners and reciprocating internal combustion engines. Transmission loss is the difference in sound

po

air|
is irrelevant with the reciprocating internal combustion engine. The matching parameters of

po
as

Th

(ad

of
of
ne

In

ing

is

co
ac
no

Th|
Te
Te

solirce to the reflecting plane (ground):

©lI

}

mer level of combustion airinlet noise between the noise before and after francmiﬂ'ing t

rough the

cleaner, which is the parameter to characterize the acoustic performance of the air cleane

wer level of combustion air inlet noise and the insertion loss are used in this Techni¢al Sp¢
the measurement parameters.

e enveloping surface method of this Technical Specification is applicablerfor engineerin
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Reciprocating internal combustion engines —
Measurement method for air cleaners — Sound power

level of combustion air inlet noise and insertion loss using
sound pressure

1

Thiis Technical Specification specifies the measurement method and requirements, for cq
inlet noise of air cleaners which are installed on reciprocating internal ,éombustion engines,
inqluding laboratory measurement (engineering method and survey method) and site meg
(syrvey method).
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references, the latest edition of the referenced decument (including any amendments) applieq.

IS(
an

IS(

Scope

lis Technical Specification applies to all air cleaners installed on reciprocating internal c(

the following text) falling within the field of application of ISQ 3046-1 and/or other air

Normative references
ispensable for its application. For dated referénces, only the edition cited applies. Fo
3046-1, Reciprocating internal combustion-engines — Performance — Part 1: Declarations of

1 lubricating oil consumptions, and test methods — Additional requirements for engines for gen

3046-3, Reciprocating internal combustion engines — Performance — Part 3: Test measure

bines (reciprocating internal combustion engine is referred to as engine except particular ey

mbustion

surement

mbustion
planation
induction

e following documents, in whole or in part, are nermatively referenced in this document and are

 undated

power, fuel
eral use

ments

Lrces used

D 3046-3,

IS) 6926, Acoustics — Requirements for the performance and calibration of reference sound so
for|the determination of sound-power levels

IEC 60942, Electroacoustics— Sound calibrators

IEC 61260, Electrogeoustics — Octave-band and fractional-octave-band filters

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

3 | Terms and definitions

For ®he purposes of this document, the terms and definitions defined in ISO 3046-1, IS
[SO 6926, TEC 60942, IEC 61260 and IEC 61672-1 and the following apply.

31

sound pressure

p

difference between instantaneous pressure and static pressure

Note 1 to entry: It is expressed in pascals.

©lI
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3.2

sound pressure level

Lp

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure (3.1), p, to the
square of a reference value, pg

where the reference value, pg, is 20 pPa

Note 1 to gntry: If specific frequency and time weightings, as specified in IEC 61672-1, and/or specific frequenhcy
bands are gpplied, this is indicated by appropriate subscripts, e.g. Lya denotes the A-weighted sound pressube leyel.

Note 2 to eptry: It is expressed in decibels.

3.3
time-averaged sound pressure level
Lp,T
ten times fhe logarithm to the base 10 of the ratio of the time average of the square of the sound pressjire
(3.1), p, dyiring a stated time interval of duration, T (starting at t1 and ending at t7), to the square qf a
referencefvalue, po

t
1] “p*(t)de
T Jt,
= 101g 5
Py

Lp,T

where theg reference value, pg, is 20 pPa

Note 1 to eptry: In general, the subscript “T” is omitted:since time-averaged sound pressure levels are necessafily
determinefl over a certain measurement time interval (3.5).

Note 2 to gntry: Time-averaged sound pressure levels are often A-weighted, in which case they are denoted| by
Lpa,1, which is usually abbreviated to Lpa.

Note 3 to eptry: It is expressed in deciliels:
34
surface time-averaged sound pressure level
Lp
mean(enefgy average)'of the time-averaged sound pressure levels (3.3) over all the microphone positions,

or traverses, on thenieasurement surface (3.11), with the background noise correction (3.13), K1, and the
environmdntal correction (3.14), K7, applied

Note 1 to eptry: It is expressed in decibels.

3.5

measurement time interval

T

portion or a multiple of an operational period or operational cycle of the noise source under test for
which the time-averaged sound pressure level (3.3) is determined

Note 1 to entry: It is expressed in seconds.

2 © IS0 2015 - All rights reserved
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3.6
acoustic free field
sound field in a homogeneous, isotropic medium free of boundaries

Note 1 to entry: In practice, an acoustic free field is a field in which the influence of reflections at the boundaries
or other disturbing objects are negligible over the frequency range of interest.

3.7
reflecting plane
sound-reflecting planar surface on which the noise source under test is located

acpustic free field over a reflecting plane
acqustic free field (3.6) in the half-space above an infinite reflecting plane (3.7) in the absence of any
other obstacles

fregquency range of interest
the¢ frequency range of octave bands with nominal mid-band frequencies“from 63 Hz to (8 000 Hz

hypothetical spherical surface of area, S, on which the microphone positions are located at [which the

kground noise
nojse from all sources other thanthe noise source under test

Nofe 1 to entry: Background (moise includes contributions from airborne sound, noise from strucfure-borne
vibration, and electrical noise in the instrumentation.

3.13

barkground nois€_egrrection
K1
cofrection applied to the mean (energy average) of the time-averaged sound pressure lgvels (3.3)
over all the microphone positions on the measurement surface (3.11), to account for the inffluence of
bagkground'noise (3.12)

Nofellto entry: The background noise correction is frequency dependent; the correction in the case of 4 frequency
bairdTsdenoted by K77 wherefdenotesthre Tetevant mid=bamdfrequerncy amd-thattrthecaseof A=weighting is

denoted by Kja.

Note 2 to entry: It is expressed in decibels.

3.14

environmental correction

K3

correction applied to the mean (energy average) of the time-averaged sound pressure levels (3.3) over all the
microphone positions on the measurement surface (3.11), to account for the influence of reflected sound

Note 1 to entry: The environmental correction is frequency dependent; the correction in the case of a frequency
band is denoted by K5 where f denotes the relevant mid-band frequency, and that in the case of A-weighting is
denoted by Kza.

© IS0 2015 - All rights reserved 3
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Note 2 to entry: It is expressed in decibels.

3.15

sound power

w

through a surface, product of the sound pressure (3.1), p, and the component of the particle velocity, up,
at a point on the surface in the direction normal to the surface, integrated over that surface

Note 1 to entry: The quantity relates to the rate per time at which airborne sound energy is radiated by a source.

Note 2 to entry: It is expressed in watts.

3.16
sound power level
Lw
ten times the logarithm to the base 10 of the ratio of the sound power (3.15) of a source, W, 'to-a reference
value, Wy, expressed in decibels

w
L, =|10lg —
w 8 w,

where the reference value, Wy, is 1 pW

Note 1 to gntry: If a specific frequency weighting, as specified in IEC 616721, and/or specific frequency bands
are applied, this is indicated by appropriate subscripts, e.g. Liya denotes the'A-weighted sound power level.

Note 2 to eptry: It is expressed in decibels.

3.17
air cleane¢r
air filter
device whiich removes particles suspended in the fresh charge as it is drawn into the engine

Note 1 to entry: The air cleaner generally comprises-the entire part from its air inlet but does not include the|air
induction 1panifold and pipe.

3.18
substitutjon pipe
rigid, nontabsorbing circular pipé€ having the same length and the same cross section area of outlef{ as
the tested air cleaner (3.17)

3.19
bent tranisition pipe
bent pipe psed to change the airflow direction and to connect two pipes of the same cross section arga

3.20
characteristic'source dimension
do

s 1 . £ i 1 > 4=l e L L2 400
characteristicdimrentsiomrof source todetermine the measurenent radius [Eermavy)

3.21

insertion loss

Dy

the difference between the sound power level (3.16) of combustion air inlet noise when the substitution
pipe (3.18)is installed on the engine and when the air cleaner (3.17) is installed on the engine

D, = LW(SP) - LW(AC)

where
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Lw(sp) is the sound power level of combustion air inlet noise when the substitution pipe is in-

stalled on the engine, in decibels;

Lw(ac) is the sound power level of combustion air inlet noise when the air cleaner is installed on

the engine, in decibels

Note 1 to entry: It is expressed in decibels.

4

Test environment

4,
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General

- engineering method, the test environments that are applicable for measurements in a

ith this Technical Specification are the following:

a room or a flat outdoor area which is adequately isolated from backgreund noise ¢
provides an acoustic free field over a reflecting plane;

a room or a flat outdoor area which is adequately isolated from background noise and in
environmental correction can be applied to allow for a limitedcontribution from the r¢
field to the sound pressures on the measurement surface.

survey method, the test environment that is applicable for; measurements in accordancg
Chnical Specification is a room or a flat outdoor area which’is adequately isolated from bz
se and which meets the qualification requirements given in 4.3.

hd, impingement of air discharge, high or low temperatures) shall be avoided. The instruct

owed. Particular care should be exercised\to ensure that the plane does not radiate any aj

soyind due to vibrations.

4.7

Fo
an
be
teq

Fo
fre

Criterion for backgroundmioise

" engineering method, the time-averaged sound pressure level of the background noise
1 averaged over the microphone positions shall be at least 6 dB, and preferably more th
ow the corresponding ‘uricorrected time-averaged sound pressure level of the noise sou
t when measured in the'presence of this background noise.

" frequency bard)measurements, the criteria for background noise may not be achiev
quency bandsj;.even when the background noise levels in the test room are extremel
11 controlled.

- measurements in frequency bands, the following steps shall be followed to determin
eting'the requirements of the background noise criteria.

ccordance

nd which

which an
verberant

with this
ckground

vironmental conditions having an adverse effect.othe microphones used for the measuremments (e.g.

ons of the

nufacturer of the measuring instrumentatipniregarding adverse environmental conditions shall be

bpreciable

measured
an 15 dB,
rce under

hble in all
y low and

b whether

TheA-weightedsound-power tevetis computedusing the data fromrevery frequerncy b
the frequency range of interest.

nd within

The computation of A-weighted sound power level is repeated but excluding those bands within
the frequency range of interest in which the A-weighted sound power level of the noise source
under test is at least 15 dB below the highest A-weighted band sound power level and for which
AL, <6 dB (see 8.2.2).

If the difference between these two levels is less than 0,5 dB, the A-weighted sound power level
determined from the data for all bands may be considered as conforming to the background noise
criteria of this Technical Specification, or the measurement is not valid.

For survey method, the time-averaged sound pressure level of the background noise measured and
averaged over the microphone positions, shall be at least 3 dB, and preferably more than 10 dB, below

© ISO 2015 - All rights reserved
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the corresponding uncorrected time-averaged sound pressure level of the noise source under test when
measured in the presence of this background noise.

4.3 Criterion for acoustic adequacy of test environment
Annex A specifies procedures for determining the magnitude of the environmental correction, K>.

For engineering method, as long as it is practicable, the test environment shall be free from reflecting
objects other than the reflecting plane(s). The reflecting plane(s) shall extend at least 0,5 m beyond
the projection of the measurement surface on the plane(s). The sound absorption coefficient of the
reflecting[ptane(sjshall be Iess than 0,1 over the [Tequency range of interest.

NOTE1 |Smooth concrete or smooth sealed asphalt surface(s) are generally satisfactory.

Measurenpents in accordance with engineering method of this Technical Specification aréJonly vqlid
where K24 < 4 dB.

NOTE 2 [The environmental correction, K>, is assumed to be zero for measurements nrade in hemi-anechoic
rooms whifh meet the requirements of [SO 3745.

The envirpnmental correction, K34, shall first be determined without refereneeto frequency band dqta,
using oneof the procedures of Annex A. Where it is decided to make meastrements in frequency bands,
the relevant environmental correction K7 shall be determined in each band over the frequency rangg of
interest in) accordance with A.4. Ly of a noise source shall be calculated in accordance with Annex B.

Measurements in accordance with survey method of this Technical Specification are only valid
where K> < 7 dB.

5 Instfumentation

5.1 General

The instrymentation system, including the mierophones, cables and windscreen, if used, shall meet the
requireménts of IEC 61672-1, class 1 for restults of accuracy grade 2 and class 2 for results of accuracy
grade 3, ahd the filters shall meet the requirements of IEC 61260.

5.2 Caljbration

Before arnd after each serieS of measurements, a sound calibrator meeting the requirements| of
IEC 60947, class 1 shall be-applied to each microphone to verify the calibration of the entire measurjng
system at|one or more/frequencies within the frequency range of interest. Without any adjustment, the
differencq between the'readings made before and after each series of measurements shall be less tHan
or equal tp 0,5 dB:If this value is exceeded, the results of the series of measurements shall be discardgd.

The calibratien’ of the sound calibrator, the compliance of the instrumentation system with the
requirem¢nts of IEC 61672-1, the compliance of the filter set with the requirements of IEC 61260, gnd
the compliance of the reference sound source with the requirements of ISO 6926 shall be verified at
intervals in a laboratory making calibrations traceable to appropriate standards.

Unless national regulations dictate otherwise, the sound calibrator should be calibrated at intervals
not exceeding 1y, the reference sound source should be calibrated at intervals not exceeding 2 y, the
compliance of the instrumentation system with the requirements of IEC 61672-1 should be verified at
intervals not exceeding 2 y, and the compliance of the filter set with the requirements of IEC 61260
should be verified at intervals not exceeding 2 y.

5.3 Application

To minimize the influence of observers on the noise measurements, the microphones shall preferably
be mounted on a rigid frame or stand which is not connected to the vibrating surface; the microphone

6 © IS0 2015 - All rights reserved
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shall always be oriented in such a way that the angle of incidence of the sound waves is that for which
the microphone is calibrated and always be oriented to the centre of the air inlet.

The time-averaged sound pressure level shall be measured using an integrating sound level meter.
If the sound level meter is used to measure time-weighting sound pressure level, the time-weighting
characteristic “S” shall be used for the noise source under test operated in steady condition, and the
time-weighting characteristic “F” shall be used for the noise source under test operated in non-steady
condition (e.g. engine operated in the accelerated or decelerated condition). The measured average
value can be expressed as the time-averaged sound pressure level.

Th

pnrinﬂ of measurement for the Hma_nvnrngnd sound pressure level shall be at least 10

s, 20 s, or

lor]

6

6.

Th
SO
thg

gre
as

1

ger is better.

Installation and operation conditions

General

manner in which the air cleaner is installed and operated may haye\a‘significant influe

air inlet may have influence on the sound power. The flow noise genérated by high-flow sp
bater due to the smaller inner diameter of the air inlet. The air cleaner to be tested shall bg
if it were in normal use when the measurement is madeJn the laboratory. This Clause

nce on the

nd power emitted by a noise source under test; for example, the shape, inner diameter, and length of

bed can be
b installed
specifies

copditions that are intended to minimize variations of the sound power level due to the installlation and

op

6.]
Fo

requirements given in 4.2 and 4.3 (engineering method). The distance between the centre

an
of

Fo
giv
(81
If 1

solind insulation and gibration isolation shall be made between the inlet pipe and walls.

If 1
en

brating conditions of the noise source under test.

Installation condition

" engineering method, the air inlet shall besinstalled outdoors or in a test room which

1 reflecting plane (ground/wall/ceiling)shall be equal to or more than (r + 0,25) m (the req
[, see 7.4).

survey method, the air inlet shall be installed outdoors orin a testroom which meets thereq
en in 4.2 and 4.3 (survey method). The distance between the centre of air inlet and reflec
ound/wall/ceiling) shall be;equal to or more than (r + 0,125) m (the requirements of r; see

he air inlet installed-outdoors or in a test room which is not the same room where the

he air inlet and, the engine are installed in the same room, the excessive noise generat
bine and dynaniometer as one part of background noise shall be shielded or wrapped ta

re

Thee bent.transition pipe shall be used to change the direction of airflow, see Figure 1. Mif
number of bent transition pipe which influence the measurement results of tested parameter

uirements\given in 4.2 to reduce extraneous noise influencing the noise radiated from the

Imeets the
f air inlet
llirements

Llirements
ting plane
.4).

engine is,
ed by the

meet the
inlet.

imize the
S.
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Q

Figure 1 — Bent transition pipe (schematic)
If the bent transition pipe is used, it shall meet for the requirement of Formula (1);

R
=P (1)

R idthe radius, in metres;

dp idthe diameter of the steel pipe, in metres.

6.3 Operation condition

For the laporatory measurement, the engine on which the air cleaner or substitution pipe is installed
shall be operated at its ISO standard power and cerresponding rate as defined in ISO 3046-1 under [SO
standard [reference conditions in a steady state. At that time, the temperature of the oil and coolant
shall be stjable; the ambient and intake air(temperature shall not be higher than 45 °C.

Measurenpents can be made in accelerated/decelerated conditions and other operating condition$ if
necessary); all measurements made(insuch conditions shall be stated in the test report.

1
w

The enging power and corresponding rate shall be measured according to the requirements of ISO 3044

For the site comparison _fareasurement, the engine on which the air cleaner or substitution pipq is
installed phall be operated at the similar operation and ambient conditions as for the laborat¢ry
measurenient whichsshall be stated in the test report.

7 Measurement

7.1 General

This Technical Specification specifies two measurement methods: laboratory measurement and
site measurement.

Laboratory measurement is the measurement when the engine on which the air cleaner is installed is
in the test room. Site measurement is the measurement when the engine on which the air cleaner is
installed is at the service site. Laboratory measurement aims to obtain accuracy grade 2 (engineering
method) or accuracy grade 3 (survey method) measurement results of sound power level of combustion
air inlet noise. Site measurement aims to obtain accuracy grade 3 (survey method) measurement results
of sound power level of combustion air inlet noise. Engineering method can provide a relatively complete
evaluation about the air cleaners, the measured parameters are sound power level (A-weighted or in
frequency bands) and insertion loss (A-weighted or in frequency bands). The engineering method can

8 © IS0 2015 - All rights reserved
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be used to make acceptance tests and engineering measures. Survey method can provide comparative
evaluations about different air cleaners installed on the same engine; the measured parameters are
sound power level (A-weighted) and insertion loss (A-weighted). The survey method can be used to
make comparative tests.

NOTE The aim of laboratory measurement in measuring the sound power level of combustion air inlet
noise is accuracy grade 2 (engineering method) result. When the correction for background noise and/or the
environment conditions and/or the location of air inlets cannot meet the requirements of the engineering method
of this Technical Specification, then accuracy grade 3 (survey method) result of sound power level is obtained.

In order to facilitate the selection of the measurement surface and the arrangement of the microphones, the
characteristic source dimension and measurement radius shall first be delineated for noise measurement.

Mdasurement results include the sound pressure level of noise source under operatiemn.and fthe sound
pre¢ssure level of background noise when the noise source is not working.

7.2 Measurement uncertainty

The measurement uncertainty of sound power level determined in acferdance with this|Technical
Specification shall meet the requirements given in Table 1.

Tgble 1 — Measurement uncertainty of sound power level (upper bound values of the standard
deviation of reproducibility)

Dimensions|in decibels

Mid-band frequency ] ]
Hz Engineering method Survey method
accuracy grade 2 accuracy girade 3
Octave bands One-third-octave bands

63 50~80 5,0
125 100~160 3,0

250 200~315 2,0 —
500~4 000 400~5 000 1,5
8000 6.300~10 000 2,5

A-weighted 1,5 3,0

NJTE 1  The standard deviations listed in Table 1 are associated with the test conditions and procedureg defined in
thils Technical Specification, including the methods of arrangement of microphones and the measurement procedure of
enyironmental correctiofand not with the noise source itself, including variations of installation and operation|conditions.

NJTE 2  For a family-of sound sources, of similar size with similar sound power spectra or several laborjtories, use
sae/similar facilities and instrumentation; the uncertainty associated with interlaboratory variability may] be smaller
thqn the valuesgiven in Table 1.

NJTE 3 Thestandard deviations of reproducibility, as listed in Table 1, include the standard deviation of rgpeatability.
Thfs uncertainty is usually much smaller than the uncertainty associated with interlaboratory variability.

N(JTE 4™ The standard deviations given in Table 1 are applicable to measurements on an individual sound sourge.

NOTEDS — means there 1s no requirement.

The measurement uncertainty depends on the standard deviation of reproducibility and on the degree
of confidence that is desired. As examples, for a normal distribution of sound power levels, there is 90 %
confidence that the true value of the sound power level of a source lies within the range +1,64 og of the
measured value and a 95 % confidence that it lies within the range +1,96 or of the measured value.

NOTE For a normal distribution of sound power levels, there is 90 % confidence that the probability of
acceptance is 95 % and a 95 % confidence that the probability of acceptance is 97,5 %.
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7.3 Characteristic source dimension

The specifications of the characteristic source dimension, dy, see Figure 2 according to the shape of
inlet of air cleaner installed on the engine.

dy dy dy dy

Figure 2 — Characteristic source dimension dj of typical air inlet (schematic)

7.4 Measurement radius

The measpirement radius, r, shall be equal to or more than the characteristic source dimension, dg, gnd
meet the fequirements of 6.2.

A smaller [value of the measurement radius may be used in the test when the air inlet is located indoqrs,
while a bigger value may be used when the air inlet is located outdoors:

The recommmend value of measurement radius, r, is 0,5 m and it shall be at least 0,25 m for engineerjng
method. The preferred value of measurement radius, r, shall be selected from the series: 0,25 m, 0,5|m,
1 m, 2 m, f m, 8 m. The value may also be selected from the following series: 0,25 m, 0,315 m, 0,4 m/ ...,
5m, 6,3 nf, 8 m.

The recorhmend value of measurement radius, r, is-0;/5'm, and it shall be at least 0,125 m for suryey
method. The preferred value of measurement radius, r, shall be selected from the series: 0,125|m,

0,25 m, 0f5 m,1 m, 2 m, 4 m, 8 m. The value may:also be selected from the following series: 0,125|m,
0,16 m,0,2m, ..,5m, 6,3 m, 8 m.

7.5 Measurement surface and area

The area, 5, of spherical measurement surface shall be calculated using Formula (2), in square metres:

S = 4412 (2)

r  idthe medsurement radius, in metres.

7.6 Midrephone arrays

Four microphone positions shall be used for engineering method. These measurement points shall be
arranged on the spherical measurement surface, the centre of which is the inlet geometrical centre.
The straight line connecting one measurement point and the spherical centre shall be 45° from the flow
direction. Also, this straight line shall be 45° from the horizontal line, which is passing through the
spherical centre and is vertical to the flow direction. The measurement points numbered 1 to 4 shall
meet the requirements shown in Figure 3.

One microphone position is adequate for survey method. The measurement point shall be arranged on
the axis of flow direction as number 5, shown in Figure 3. If this measurement point cannot be arranged
for obstacle as shown in Figure 3 b), the preferred measurement point shall be arranged as numbered
5'. Also one point from 1 to 4 as far from the air cleaner body and/or reflecting plane as possible can be
selected as the microphone position.

10 © IS0 2015 - All rights reserved
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b) Peripheral air inlet
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jeral
hical Specification specifies calculation methods of sound power level and insertion loss.

| power level (A-weighted dr-frequency-band) of combustion air inlet noise and the insert
ighted or frequency-band)-of the air cleaner shall be calculated for the engineering meth
d sound power level-also can be calculated from frequency band levels in accordance wj
vhich shall be stated.in the report.

power level (A=weighted) of combustion air inlet noise and the insertion loss (A-weighted]
aner shall be éalculated for the survey method.

culation of sound power level

on
bd.
ith

of

8.2.1 Mean time-averaged sound pressure levels

The mean time-averaged sound pressure level from the array of microphone positions over the
measurement surface and the mean time-averaged sound pressure level of the background noise shall

be calcula

!
Lysm

12

ted using Formula (3) and Formula (4), expressed in decibels:

1 Ny 0.1L'
=10lg|— ) 10 = P
8y 2
i=1

(3)
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N
1 A, 0L ger

L g st = 1018 v » 10 PIBST 4)
M =1

where

L is the time-averaged sound pressure level measured at the ith microphone position with
PiST)  the noise source under test in operation, in decibels;

L is the time-averaged sound pressure level of the background noise measured at the ith
‘n’(R QT) llliLl UlJ}lUllC PUbitiUll, ill C‘lULi]UU}D,

Nm is the number of microphone positions.

NOTE Subscript of “ST” denotes tested sound source, including the situation of the air eléaner or spibstitution
pipe installed on the engine.

8.4.2 Corrections for background noise

The background noise correction, Ky(st), shall be calculated using Formula (5), expressed in ¢lecibels:

~0,1AL
’ p|ST
Kyt = —101g[1 ~10 ( )] (5)
whHere
T
ALy(st) = Ly ~ Lpeesmy

in which

X is the mean time-averaged seund pressure level from the array of microphone plositions
p(ST) over the measurement surface, with the noise source under test in operation, in|decibels;

is the mean time-averaged sound pressure level of the background noise from tle array

Lp(B,ST) of microphone positions over the measurement surface, in decibels.

For engineering methad) if ALpsT) > 15 dB, Ki(sT) is assumed to be zero, and no corrgction for
bagkground noise shaltbe applied. If 6 dB < ALp(sT) < 15 dB, corrections shall be calculated in apcordance
with Formula (5).and corrections shall be applied, thatis 0,1 dB < Ky(sT) < 1,3 dB. If ALy(sT) <|6 dB, that
is K1(sT) > 1,3 dB,the measurement is not valid.

NOTE1 IfKj(sT)>1,3 dB, the measurement results of sound power level do not satisfy the accuracy grade 2, but
thg maxinum correction to be applied to these measurement may be useful for determining an upper boundary
to the sound power level of the noise source under test.

N AN o] Tl 3 1 1£3 43 £ ol 4 rS 4
T Z T parocurdar SpttrCatronrsS ToT ot oart e asur CTeTIe, ST

NS}

For survey method, if ALp(sT) > 10 dB, K1(sT) is assumed to be zero and no correction for background
noise shall be applied. If 3 dB < ALpsT) < 10 dB, corrections shall be calculated in accordance with
Formula (5) and corrections shall be applied, that is 0,5 dB < Ky(s1) < 3 dB. If ALp(sT) < 3 dB, that is
Kj(st) > 3 dB, the measurement is not valid.

NOTE3  IfKi(st)> 3 dB, the measurement results of sound power level do not satisfy the accuracy grade 3, but

the maximum correction to be applied to these measurement may be useful for determining an upper boundary
to the sound power level of the noise source under test.

8.2.3 Corrections for environmental

Determine the environmental correction, K3(st), according to Annex A.
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For engineering method, if Kyst) < 4 dB, the measurement is valid according to this Technical
Specification. If K2(sTy > 4 dB, the measurement is not valid.

NOTE1  If Kz(sT) > 4 dB, the measurement results of sound power level do not satisfy the accuracy grade 2, but
the maximum correction to be applied to these measurement may be useful for determining an upper boundary
to the sound power level of the noise source under test.

For survey method, if K2(sT) < 7 dB, the measurement is valid according to this Technical Specification.
If K2(sT) > 7 dB, the measurement is not valid.

NOTE2  IfKz(st)> 7 dB, the measurement results of sound power level do not satisfy the accuracy grade 3, but
the maximim correction to be applied to these measurement may be useful for determining an upper boundpry
to the sourld power level of the noise source under test.

8.2.4 Surface time-averaged sound pressure levels

The surface time-averaged sound pressure level, Lp(ST) , shall be calculated by conrecting the mgan

time-averpged sound pressure level, L;(ST) , for background noise (K1, see 8.2.2) @ndfor the influencg of

the test epvironment (K7, see 8.2.3) using Formula (6), expressed in decibels:

Lysm)|[= Lotst) ~ Kasm) — Kosmy (6)

8.2.5 So¢und power levels

The sound power level, L, , shall be calculated using Formula’(7), expressed in decibels:

Ly sr| = Lysr) + 1018 (5 /S 0) (7)
where
S(s1) is the area of the measurement surface, in square metres [S(ST) = 4nr? 1;

So |isequalto 1 m2,

Atmosphdric pressure and/ora-temperature create a bias in the radiation of sound power. At altitudles
greater than 500 m aboveSealevel and/or temperatures below 10 °C, the sound power levels, Lwref dtm,
corresporiding to the réference static pressure 101,325 kPa and reference atmospheric temperatiire
23,0 °C shpll be calculated in accordance with Annex C and stated in the report.

8.3 Calculation of insertion loss

The calculation of insertion loss is given in 3.21.

If the pipe centre of the substitution pipe and the inlet of air cleaner have the same positions and
measurement radius that are the same microphone locations and number, calculate the insertion loss,
Dy, using Formula (8), expressed in decibels:

Dy =L,sp) — Lyac (8)

where

is the surface time-averaged sound pressure level of combustion air inlet noise when the

LP(SP) substitution pipe is installed on the engine, in decibels;
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is the surface time-averaged sound pressure level of combustion air inlet noise when the
p(AC)  air cleaner is installed on the engine, in decibels.

The information listed in a) to e), when applicable, shall be compiled and recorded for all measurements
made in accordance with this Technical Specification.

a)

b)

d)

The tested air cleaner and substitution pipe:

1) a description of the tested air cleaner (including the type, serial number, man

2)

characteristic section dimension, and length of the inlet/outlet pipe and body);

the inner diameter of the inlet of the substitution pipe.

The engine on which the air cleaner is installed:

1) a description of the engine on which the air cleaner is installed {including the tjy

2)

ufacturer,

'pe, serial

number, ISO standard power and corresponding speed, displacement, and manufacturer);

a description of the operating conditions (including the engine power, engine spee
fuel consumption).

Acoustic environment:

1)

2)
3)

a description of the test environment (including the nature of the floor, walls and cei
sketch showing the location of the noise souree under test and any other contents of

d, specific

ing, and a
the room;

a description of the acoustical qualification of the test environment in accordance witTJAnneX A;
|

a description of the ambient conditions near the noise source under test (inc
barometric pressure, air temperature, relative humidity, and wind speed).

Description of instrumentation:

ding the

mber, and

verify the

1) the equipment used for the measurements, including the name, type, serial nu
manufacturer;

2) the date, place,results, and methods used to calibrate the sound calibrator and to
calibration ofthe’instrumentation system;

3) the characteristics of the microphone windscreen, if any.

Acousticabdata:

1) .the'measurement method and accuracy grade;

2), "the characteristic source dimension, dg, and measurement radius, r;

3) thetime-averaged sound pressure level measured at the ith microphone position with the noise

. . ! .

source under test in operation, Lpi(ST) ;

4) the correction(s), K1(sT), to account for background noise;

5) the correction(s), Kz(st),to account for the test environment, and the method from Annex A
used to determine it (them);

6) the surface time-averaged sound pressure levels, Lp(ST) ;

7) the sound power levels, Ly;

© ISO 2015 - All rights reserved
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8) the date and place where the measurements were performed and the person conducting the
measurements.

10 Test report

Only those required data according to Clause 9 shall be recorded in the report which provides the
measurement results of sound power level (A-weighted or frequency-band) and/or insertion loss
(A-weighted or frequency-band). The report shall state that the measurement has been made in full
conformity with the requirements of this Technical Specification. The report shall also contain any

teraauiradtahe ranartad hyu cartain claucacin tho main hodu afthic Tachnical Shocificati
statementsrequired-to-bereported by certainclausesinthe mainb dy-of n.

The measpirement results of sound power level (A-weighted or frequency-band) in the reportsshall|be
rounded tp the nearest 0,1 dB.
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(normative)
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Qualification procedures for the acoustic environment

A.r—Generat

Thiis Annex specifies procedures to determine the magnitude of the environmental{corrg
These procedures can be used to qualify a given measurement surface for an actualmnoijse soy
tedt in accordance with this Technical Specification.

Th qualification test based on room absorption requires the determination of the'equivalent g
ar¢a, A, of the test room and is based on the assumption that the room has dpproximately a cy
is gubstantially empty, and that sound is absorbed at the room boundaries. Four methods are
in which A can be calculated either from measurements of reverberatien time, from measuf
solind pressure levels from the noise source under test using a secondary measurement sur
mdasurements on a reference sound source, or estimated from the mean absorption coeffi
approximate method is only for survey method).

The environmental correction, K7, shall be calculated from Formula (A.1), expressed in decib

K, = 10lg

1—1—4£
A

wlere

A isthe equivalent sound absorption area of the room, in square metres;

S isthe area of the measurement surface, in square metres.

A.

Thjis test method shall be used only in rooms of length and width each less than three
ceiling height.

P Reverberation method

The equivalent,sound absorption area, 4, in square metres, of the test room shall be calcula
Sabine reverberation time equation at room temperatures between 15 °C and 30 °C:

A= 0,16L
T

n

pction, K».
rce under

bsorption
bic shape,
described
ements of
face, from
cient (The

bls:

(A1)

times the

ted by the

(A.2)

where
V  is the volume of the test room, in cubic metres;

Tn

is the measured reverberation time, in seconds, for A-weighting or in frequency bands.

For the purpose of determining Kza directly from A-weighted measured values, the use of the
reverberation time measured in the frequency band with a mid-band frequency of 1 kHz is recommended.

This method is not suitable for use in a hemi-anechoic room or for outdoor measurements.
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A.3 Two-surface method
This test method shall be used only in rooms where K < 2 dB.

Two surfaces that surround the noise source under test shall be selected. The first surface shall be the
measurement surface, in accordance with Clause 7, for the determination of the sound power level. The
area of the first surface shall be designated S. The second surface with area S' shall be geometrically
similar to the first surface and located further away and symmetrical with respect to the noise source
under test. On both surfaces, the background noise criteria specified in 4.2 shall be fulfilled.

The micr phnnp locations on the second surface shall r‘nrr‘pcpnnd to those on the first surface The

ratio S’/S shall not be less than 2 and preferably should be greater than 4. The ratio S/A is calculated

from Formula (A.3):

A_|4M-1) A3
S 1-m (S/S/) )
where
M= 00'1(5‘@)
in which

L is the mean time-averaged sound pressure level on §g)5ee Formula (3), corrected for back
pl |ground noise but not for the influence of the envirgnment (see 8.2.4), in decibels;

is the mean time-averaged sound pressure level on S, see Formula (3), corrected for backr

LPZ ground noise but not for the influence of thé&environment (see 8.2.4), in decibels;
S is the area, in square metres, of the first measurement surface;
S! is the area, in square metres, ofthe'second measurement surface.

The envirpnmental correction K; for A-weighting or in frequency bands is obtained from Formula (A{1),
with the §/4 ratio calculated from-Fermula (A.3).

A.4 Determination of'the equivalent absorption area A with a reference sound
source

A reference sound-source meeting the requirements of ISO 6926 shall be mounted in the test
environmpnt andhemi-anechoic room respectively, in essentially the same height of geometric cenfre,
the same meastirement surface, the same microphone positions and number as that of the noise soufce
under tes
with the p
equal to zero).

The environmental correction of the measurement surface, K7, expressed in decibels, is given by:
*
Ky=Ly - LW(SA) (A-4)

where

L'w  isthe environmentally uncorrected sound power level of the reference sound source deter-
mined in accordance with Clause 7 when using the value 0 for K, in decibels;
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Lw(sa) is the sound power level of the reference sound source measured in hemi-anechoic room

under the meteorological conditions of the test, in decibels.

The equivalent absorption area, 4, is then calculated using Formula (A.5):

4S

01K,

10 -1

where

Th

T

(A.5)

B 1S the area, In square metres, oI the measurement surface.

.p Approximate method for Measurements made with A-weighting

is test method shall be used only in rooms of length and width eachCless than three

ceiling height.

en the environmental correction K3 of other measurement surface is obtained from Formulfla (A.1).

times the

In prder to ascertain the acoustic characteristics of the test environment, K2 shall be determjined from
Formula (A.1) using a value of A given by Formula (A.6):
A=a-§5y, (A.6)
where
a  isthe mean sound absorption coefficientjigiven for A-weighted quantities in Table Al1;
is the total area of the boundary surfaces of the test room (walls, ceiling and floor), n square
V' metres.
Table A.1 — Approximate\values of the mean sound absorption coefficient, o
Mean sound
absorption Description of room
coefficient
Nearly empty room with smooth hard walls made of concrete,
0,05 : :
brick, plaster, or tile
0,10 Partly empty room; room with smooth walls
015 Right cuboid room with furniture; right cuboid machinery room or
’ industrial room
020 Irregularly shaped room with furniture, irregularly shaped ma-
’ chinery room or industrial room
s Room with upholstered furniture; machinery or industrial room
’ with sound-absorbing material on part of ceiling or walls
030 Room with sound-absorbing ceiling but no sound-absorbing materi-
’ als on walls
0,35 Room with sound-absorbing material on both ceiling and walls
05 Room with large amounts of sound-absorbing materials on ceiling
’ and walls
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