Technical
Specification

ISO/TS 19425

Recipr
engin

pcating internal combustion
s — Measurement method

for air|cleaners — Sound power
level of combustion air inlet noise
and insertion loss using sound

press

Moteurs alté
du bruit des
bruit d'entrg
une pressiorn

e

rnatifs a combustion interne — Méthode de-mesure
purificateurs d'air — Niveau de puissancesonore du
e d'air de combustion et de perte d'insertion utilisant
sonore

Second edition
2024-07

Reference number
ISO/TS 19425:2024(en)

© ISO 2024



https://standardsiso.com/api/?name=22bcff2936f2d89f8d0d78133527327d

ISO/TS 19425:2024(en)

CODPVDICLHITDDOTECTED DOCIIMERNT
GUIL TINIUIL Y X VILGUGILLI UG L X

© 1S0 2024
All rights reserved. Unless otherwise specified, or required in the context of its implementation, 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

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2024 - All rights reserved
ii


https://www.iso.org
https://standardsiso.com/api/?name=22bcff2936f2d89f8d0d78133527327d

ISO/TS 19425:2024(en)

Contents Page
FOT@WOTM. ...ttt iv
1 SCOPI@ ...t 1
2 Normative references
3 Terms and definitions
4 Test environment
4.1 General. ...
4.2 Criterion for background noise
43 Criterion 10T acouStiC adeqUacy Of T€ST ENMVITONMIMEIIT oo e 6
5 01 T 0000 =) 0 1= U o) o oSO sl 00 NS 6
51
52
5{3
6 Ipstallation and operation CONAITIONS ... s 7
6l1 General
6|2 Installation condition
6|3 Operation condition
7 Measurement
711 General
712 Measurement UNCEITAINTY ... oot 9
713 Characteristic SOUTrCe diMENSION ... A S eseeseeseeseseeesees e eeeseeeeeeeeeeeeeeeeeeeseeseee e 10
744 Measurement radius
715 Measurement SUIrface and QTea ... gueeeeeeeeeoeeoeeeeeeeeoeeeeeoeeeee s
716 LYo 0] 0] 4 10 ) s TSI U = | OO
8 Chlculation.......
8|1 General
8|2 Calculation of sound power level
8.2.1 Mean time-averaged soUNd PreSsure leVels........ e
8.2.2 Corrections for backBEOUNA NOISE ...
8.2.3 Corrections for environmental ...,
8.2.4 Surface time-averaged sound pressure levels ...
8.2.5 Sound powet levels..........ccccorn
8|3 Calculation Of INSEITION LOSS ...t eeeeeeee
9 INformation tO D@ MEECOTAEM. ...t e 15

10 Testreport

Annex A (normative)<Qualification procedures for the acoustic environment

Annex B (normative) Calculation of A-weighted sound power levels from frequency band leve

Annex C|(normative) Sound power level under reference meteorological conditions......

Bibliography

© IS0 2024 - All rights reserved
iii



https://standardsiso.com/api/?name=22bcff2936f2d89f8d0d78133527327d

ISO/TS 19425:2024(en)

Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Technical Specification

ISO/TS 19425:2024(en)

Reciprocating internal combustion engines — Measurement
method for air cleaners — Sound power level of combustion
air inlet noise and insertion loss using sound pressure

1 Scope

This doiument specifies the measurement method and requirements for combustion air_ inlet
ers which are installed on reciprocating internal combustion engines, including laboratory

air clea
measure|

This do
(reciprod
falling w|

ment (engineering method and survey method) and site measurement (survey method).

fument applies to all air cleaners installed on reciprocating internalJ¢ombustion
ating internal combustion engine is referred to as engine hereafter, except for specific expl:
ithin the field of application of ISO 3046-1 and/or other air induction inStallation.

2 Nonlmative references

The foll
indispen
the lates

ISO 3044
and lubri

[SO 3046

ISO 6924
the deten

IEC 6094
IEC 6126
[EC 6167

3 Ter

For the {
[EC 6094

ISO and |

wing documents, in whole or in part, are normatively~réferenced in this document
sable for its application. For dated references, only the edition cited applies. For undated re
I edition of the referenced document (including any amendments) applies.

-1, Reciprocating internal combustion engines — Rerformance — Part 1: Declarations of pq
cating oil consumptions, and test methods — Additional requirements for engines for general

-3, Reciprocating internal combustion engines>— Performance — Part 3: Test measurements

, Acoustics — Requirements for the perfermance and calibration of reference sound sources
mination of sound power levels

2, Electroacoustics — Sound calibrators
0, Electroacoustics — Octavezband and fractional-octave-band filters

2-1, Electroacoustics — Sound level meters—Part 1: Specifications

ms and definitions

urposes ofithis document, the terms and definitions defined in ISO 3046-1, ISO 3046-3, I
2, 1EC 61260 and IEC 61672-1 and the following apply.

ECmaintain terminology databases for use in standardization at the following addresses:

noise of

engines
nations)

and are
ferences,

wer, fuel
Lise

used for

SO 6926,

— ISO

nline browsing platiorm: available at https://WwWw.150.0rg/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

sound pressure

p

difference between instantaneous pressure and static pressure

Note 1 to

entry: Itis expressed in pascals.

[SOURCE: ISO 80000-8:2007, 8-9.2]

© IS0 2024 - All rights reserved
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3.2
sound pressure level
L
p
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
areference value, p,

2

L, ~10lg 2
2

Po

where the reference value, p, is 20 pPa

Note 1 to entry: If specific frequency and time weightings, as specified in IEC 61672-1, and/or specific frequency bands
are appligd, this is indicated by appropriate subscripts, e.g. L, denotes the A-weighted sound pressure level

Note 2 tofentry: It is expressed in decibels.
[SOURCH: ISO 3744:2010, 3.2]

3.3
time-averaged sound pressure level
L
pT
ten time§ the logarithm to the base 10 of the ratio of the time average of the square of the sound presgure (3.1),
p, during a stated time interval of duration, T (starting at t; and ending at#,), to the square of a geference
value, p,

t
11202 (1) at
TVt
pr F10lg| —1———

Po

L

where the reference value, p, is 20 pPa

Note 1 to| entry: In general, the subscript “T” is omitted since time-averaged sound pressure levels are n¢cessarily
determinpd over a certain measurement time interval(8.5).

Note 2 to|entry: Time-averaged sound pressureilevels are often A-weighted, in which case they are denotefl by Lpap
which is ysually abbreviated to L,.

Note 3 tofentry: It is expressed in decibels;
[SOURCH: I1SO 3744:2010, 3.3]

3.4
surface fime-averaged Sound pressure level

Ly

mean (emergy average) of the time-averaged sound pressure levels (3.3) over all the microphone positions,
or travefses, on-the measurement surface (3.11), with the background noise correction (3.13), K;| and the
environnjental\¢orrection (3.14), K,, applied

Note 1 to ntry: Itis pyprpccpd in decibels

[SOURCE: ISO 3744:2010, 3.18]

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.

[SOURCE: ISO 3744:2010, 3.5]

© IS0 2024 - 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.

[SOURCE: ISO 3744:2010, 3.6]

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

[SOURCH: 1SO 3744:2010, 3.8]

3.8
acoustid free field over a reflecting plane
acoustic [free field (3.6) in the half-space above an infinite reflecting plane (3.7) in the absence of gny other
obstacle$

[SOURCH: 1SO 3744:2010, 3.7]

3.9
frequenfy range of interest
frequendy range of octave bands with nominal mid-band frequencies fram 63 Hz to 8 000 Hz (inclugling one-
third octfave bands with mid-band frequencies from 50 Hz to 10 000-Hz)

[SOURCH: ISO 3744:2010, 3.9]

3.10
measuré¢ment radius
r
radius ofl a spherical measurement surface (3.11)

Note 1 tofentry: It is expressed in metres.
[SOURCH: I1SO 3744:2010, 3.13]

3.11
measurement surface
hypothetical spherical surface of'area, S, on which the microphone positions are located at which the sound
pressurellevels (3.2) are measured, enveloping the noise source under test

[SOURCH: ISO 3744:2010,3.14]

3.12
background noise
noise fr all sources other than the noise source under test

Note 1 tolentry:'Background noise includes contributions from airborne sound, noise from structure-borne fibration,
and electrical noise in the instrumentation.

[SOURCE: ISO 3744:2010, 3.15]

3.13

background noise correction

K;

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 background noise (3.12)

Note 1 to entry: The background noise correction is frequency dependent; the correction in the case of a frequency band
is denoted by K; s where fdenotes the relevant mid-band frequency and that in the case of A-weighting is denoted by K; 5.

© IS0 2024 - All rights reserved
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Note 2 to entry: It is expressed in decibels.
[SOURCE: 1SO 3744:2010, 3.16]

3.14

environmental correction

K;

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 K,; where fdenotes the relevant mid-band frequency, and that in the case of A-weighting is denoted by K.

Note 2 tofentry: It is expressed in decibels.
[SOURCH: 1SO 3744:2010, 3.17]

3.15
sound ppwer
w
through p surface, product of the sound pressure (3.1), p, and the component of th&particle velocity, u,, at a
point on [the surface in the direction normal to the surface, integrated over that'surface

Note 1 tolentry: The quantity relates to the rate per time at which airborne sound‘eriergy is radiated by a source.
Note 2 tofentry: It is expressed in watts.
[SOURCH: I1SO 3744:2010, 3.20]

3.16
sound ppwer level

Ly,
ten timep the logarithm to the base 10 of the ratio. of ;the sound power (3.15) of a source, W, to a tfeference
value, W}, expressed in decibels

w
Ly, #10lg —
w gWo

where the reference value, W, is 1 pW.

Note 1 to| entry: If a specific frequency weighting, as specified in IEC 61672-1, and/or specific frequency bands are
applied, this is indicated by apprepriate subscripts, e.g. L, denotes the A-weighted sound power level.

Note 2 tofentry: It is expressed in decibels.
[SOURCH: I1SO 3744:2010; 3.21]
3.17

air cleaner
air filtevr:Ll
device which 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 manifold and pipe.

3.18

substitution pipe

rigid, non-absorbing circular pipe having the same length and the same cross section area of outlet as the
tested air cleaner (3.17)

3.19
bent transition pipe
bent pipe used to change the airflow direction and to connect two pipes of the same cross section area

© IS0 2024 - All rights reserved
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characteristic source dimension

dy
characte

3.21

ristic dimension of source to determine the measurement radius (3.10)

insertion loss

Dy

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

Dy =Ly, (spy —Lw(ac)

where

Lyy(s

Ly a

Note 1 to

4 Tes

4.1 Ge

Forthee
this docu

a) aro
ana

b) aro
envi
to th

For the {
documer
meets th

) is the sound power level of combustion air inlet noise when the substitutionrpipe is ins
the engine, in decibels;

c) is the sound power level of combustion air inlet noise when the air Cleaner is installg
engine, in decibels.

entry: It is expressed in decibels.

 environment

neral

hgineering method, the test environments that aré-applicable for measurements in accorda
ment are the following:

m or a flat outdoor area which is adequately isolated from background noise and which
Foustic free field over a reflecting plane;

bm or a flat outdoor area whichvis-adequately isolated from background noise and in Y
Fonmental correction can be applied to allow for a limited contribution from the reverbel
e sound pressures on the measurement surface.

urvey method, the testehvironment that is applicable for measurements in accordance
t is a room or a flatoutdoor area which is adequately isolated from background noise aj
e qualification requisements given in 4.3.

Environ

ental conditions having an adverse effect on the microphones used for the measurem

wind, injpingement 6f-air discharge, high or low temperatures) shall be avoided. The instructio
manufacturer of/thé measuring instrumentation regarding adverse environmental conditions
followed| Partieuldr care should be exercised to ensure that the plane does not radiate any ap
sound dye tg vibrations.

talled on

d on the

nce with

provides

which an
rant field

Wwith this
nd which

Ents (e.g.
hs of the

shall be
breciable

4.2 Criterion for background noise

For the engineering method, the time-averaged sound pressure level of the background noise measured
and averaged over the microphone positions shall be at least 6 dB, and preferably more than 15 dB, below
the corresponding uncorrected time-averaged sound pressure level of the noise source under test when

measure

d in the presence of this background noise.

For frequency band measurements, it is possible that the criteria for background noise is not achievable in
all frequency bands, even when the background noise levels in the test room are extremely low and well
controlled.

© IS0 2024 - All rights reserved
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For measurements in frequency bands, the following steps shall be followed to determine whether meeting
the requirements of the background noise criteria.

a) The A-weighted sound power level is computed using the data from every frequency band within the
frequency range of interest.

b) The computation of A-weighted sound power level is repeated but excluding those bands within the
frequency range of interest for which AL,<6 dB (see 8.2.2).

c) 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 sury
averaged
the corr
measure

4.3 Cr
Annex A

For the ¢
objects
projectid
plane(s)

NOTE 1
Measure

NOTE 2
which me

The env
using on
relevant
in accord

Measure

5 Inst

5.1 Ged

over the microphone positions, shall be at least 3 dB, and preferably more than~10
psponding uncorrected time-averaged sound pressure level of the noise source, under t
d in the presence of this background noise.

jterion for acoustic adequacy of test environment
specifies procedures for determining the magnitude of the environmental correction, K,.

ngineering method, as long as it is practicable, the test environment shall be free from o
ther than the reflecting plane(s). The reflecting plane(s) shalljextend at least 0,5 m be
n of the measurement surface on the plane(s). The sound absorption coefficient of the 1
shall be less than 0,1 over the frequency range of interest-

Smooth concrete or smooth sealed asphalt surface(s) are genherally satisfactory.
ments in accordance with the engineering methad-6f this document are only valid where K

The environmental correction, K,, is assumed to:be zero for measurements made in hemi-anech
et the requirements of ISO 3745.

ronmental correction, K,,, shall first be determined without reference to frequency bz
e of the procedures of Annex A. Wheéve it is decided to make measurements in frequency b
environmental correction K, shall)be determined in each band over the frequency range o
ance with A.4. L, of a noise;source shall be calculated in accordance with Annex B.

ments in accordance with\the survey method of this document are only valid where K, <]

rumentation

neral

The inst

requirements‘of IEC 61672-1, class 1 for results of accuracy grade 2 and class 2 for results of accurd
3, and t}rllF filters shall meet the requirements of IEC 61260.

Fumentation system, including the microphones, cables and windscreen, if used, shall

ey method, the time-averaged sound pressure level of the background noise meas(;|red and

B, below
bst when

eflecting
yond the
eflecting

A<4dB.

bic rooms

nd data,
ands, the
f interest

f dB.

meet the
cy grade

The sound level meter in acoustic measurement includes traditional handheld sound level meter and data
acquisition and analysis equipment.

5.2 Ca

libration

Before and after each series of measurements, a sound calibrator meeting the requirements of IEC 60942,
class 1 shall be applied to each microphone to verify the calibration of the entire measuring system at one
or more frequencies within the frequency range of interest. Without any adjustment, the difference between
the readings made before and after each series of measurements shall be less than or equal to 0,5 dB. If this
value is exceeded, the results of the series of measurements shall be discarded.

© IS0 2024 - All rights reserved
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The calibration of the sound calibrator, the compliance of the instrumentation system with the requirements
of IEC 61672-1, the compliance of the filter set with the requirements of IEC 61260, and 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.

The sound calibrator should be calibrated at intervals not exceeding 1 y, 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. National
regulations stating other requirements can exist.

5.3 Application

To minirpize the influence of observers on the noise measurements, the microphones shall-prefe¢rably be
mounted on a rigid frame or stand which is not connected to the vibrating surface; the nificrophpne shall
always He 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 timg-averaged sound pressure level shall be measured using an integrating sound level metler. If the
sound leyel meter is used to measure time-weighting sound pressure level, the time<weighting characteristic
“S” shalll be used for the noise source under test operated in steady condition, and the time-weighting
charactefistic “F” shall be used for the noise source under test operated in ron-steady condition (e.g. engine
operated in the accelerated or decelerated condition). The measured average value can be expresspd as the
time-avejraged sound pressure level.

The perigd of measurement for the time-averaged sound pressure lével'shall be atleast 4 s, 8 s or longer|is better.

The peripd of observation for the A-weighted sound pressure-level shall be at least 4 s. For the frequency
bands centred on or below 160 Hz, the period of observatién shall be at least 16 s. For the frequency bands
centred ¢n or above 200 Hz, the period of observation shall be at least 8 s.

6 Installation and operation conditions

6.1 Gdneral

The manner in which the air cleaner is installed and operated can have a significant influence on the sound
power erl‘litted by a noise source under test; for example, the shape, inner diameter, and length ¢f the air
inlet may have influence on the(sqund power. The flow noise generated by high-flow speed can bg¢ greater
due to tHe smaller inner diam€ter of the air inlet. The air cleaner to be tested shall be installed as |f it were
in normgl use when the méasurement is made in the laboratory. This Clause specifies conditiong that are
intended to minimize vafiations of the sound power level due to the installation and operating condlitions of
the noisq source under test.

6.2 Installation’ condition

For the =ng1neer1ng method the air 1n1et shall be installed outdoors or in a test room Wthh leets the
requirenien air inlet
and reflecting plane (ground/wall/cellmg) shall be equal to or more than (r + 0, 25) m (see 7.4 for the
requirements of ;).

For the survey method, the air inlet shall be installed outdoors or in a test room which meets the requirements
given in 4.2 and 4.3 (survey method). The distance between the centre of air inlet and reflecting plane
(ground/wall/ceiling) shall be equal to or more than (r) m (see 7.4 for the requirements of r).

If the air inlet installed outdoors or in a test room which is not the same room where the engine is, sound
insulation and vibration isolation shall be made between the inlet pipe and walls.

© IS0 2024 - All rights reserved
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[f the air inlet and the engine are installed in the same room, the excessive noise generated by the engine and
dynamometer as one part of background noise shall be shielded or wrapped to meet the requirements given
in 4.2 to reduce extraneous noise influencing the noise radiated from the inlet.

The bent transition pipe shall be used to change the direction of airflow, see Figure 1. Minimize the number
of bent transition pipe which influence the measurement results of tested parameters.

QU

Figure 1 — Bent transition pipe (schematic)

If the bemt transition pipe is used, it shall meet for the requirement of Formula (1):

R4 e8]

dp

where

R [is the radius, in metres;

d,, [is the diameter of the steel pipe, in metres.

6.3 Operation.condition

For the lpbetatory measurement, the engine on which the air cleaner or substitution pipe is installed shall
be operdted at its ISO standard power and corresponding rate as defined in ISO 3046-1. At that fime, the
temperature of the oil and coolant shall be stable.

Measurements can be made in accelerated/decelerated conditions and other operating conditions if
necessary; all measurements made in such conditions shall be stated in the test report.

The engine power and corresponding rate shall be measured according to the requirements of ISO 3046-3.

For the site comparison measurement, the engine on which the air cleaner or substitution pipe is installed
shall be operated at the similar operation and ambient conditions as for the laboratory measurement which
shall be stated in the test report.

© IS0 2024 - All rights reserved
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7 Measurement

7.1 General

This document 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 alms to obtaln accuracy grade 3 (survey method) measurement results of sound power level
of combt ion about
the air cleaners, the measured parameters are sound power level (A welghted or in frequency bands) and
insertior} loss (A-weighted or in frequency bands). The engineering method can be used to make.acceptance
tests and engineering measures. The survey method can provide comparative evaluations about different
air cleanprs installed on the same engine; the measured parameters are sound power level’(A-weighted) and
insertior 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 inl¢t noise is
an accuracy grade 2 (engineering method) result. When the correction for backgroundmoise and/or the enyironment
conditionfs and/or the location of air inlets cannot meet the requirements of the engiheering method of this document,
then an agcuracy grade 3 (survey method) result of sound power level is obtained!

In order fo facilitate the selection of the measurement surface and the drrangement of the microphpnes, the
charactefistic source dimension and measurement radius shall firstbe delineated for noise measurement.

Measurement results include the sound pressure level of neise' source under operation and tlhe sound
pressurg level of background noise when the noise source is fint working.

7.2 Measurement uncertainty

The medsurement uncertainty of sound power level determined in accordance with this documlent shall
meet thelrequirements given in Table 1.

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

Mid-band frequency Engineering method Survey method
Hz accuracy grade 2 accuracy grafe 3

(ctave bands One-third-octave bands dB dB
63 50 to 80 50
125 100 to 160 3,0

250 200 to 315 2,0 —
300 to 4 600 400to 5000 1,5
8,000 6300 to 10 000 2,5

A-weighted 1,5 3,0

NOTE 1 The standard deviations listed in Table 1 are associated with the test conditions and procedures defined in this Technical
Specification, including the methods of arrangement of microphones and the measurement procedure of environmental
correction and not with the noise source itself, including variations of installation and operation conditions.

NOTE 2 For a family of sound sources, of similar size with similar sound power spectra or several laboratories, use same/similar
facilities and instrumentation; the uncertainty associated with interlaboratory variability may be smaller than the values given
in Table 1.

NOTE 3 The standard deviations of reproducibility, as listed in Table 1, include the standard deviation of repeatability. This
uncertainty is usually much smaller than the uncertainty associated with interlaboratory variability.

NOTE 4 The standard deviations given in Table 1 are applicable to measurements on an individual sound source.

NOTE 5 “—” means there is no requirement.
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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 o, of the
measured value and a 95 % confidence that it lies within the range 1,96 oy 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 %.

7.3 Characteristic source dimension

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

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

7.4 M¢e¢asurement radius

The meapurement radius, r, shall be equal to or more than the'eharacteristic source dimension, d,;, ind meet
the requjrements of 6.2.

A smaller value of the measurement radius may be used in the test when the air inlet is located|indoors,
while a Higger value may be used when the air inlet\is1located outdoors.

The recqmmend value of measurement radius;.r; is 0,5 m and it shall be at least 0,25 m for engineering
method.[The preferred value of measurementradius, r, shall be selected from the series: 0,25 m, 0,b m, 1 m,
2 m. Thelvalue may also be selected from the following series: 0,25 m, 0,315 m, 0,4 m, 0,5 m, 0,63 m, 0,8 m,
1m,1,29m,1,6m, 2 m.

The recommend value of measuretent radius, r, is 0,5 m, and it shall be at least 0,125 m for surveyl method.
The prefprred value of measuremeént radius, r, shall be selected from the series: 0,125 m, 0,25 m, 0,6 m, 1 m,
2 m. The|value may also be sele¢ted from the following series: 0,125 m, 0,16 m, 0,2 m, 0,25 m, 0,315m, 0,4 m,
0,5m,063m,08m,1m,1525m,1,6m,2m.

7.5 Me¢asurementsurface and area

The aread, S, of spherical measurement surface shall be calculated using Formula (2), in square meties:

S =4mr? (2)

where ris the measurement radius, in metres.

7.6 Microphone 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
straightline 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.
The measurement points numbered 1 to 4 shall meet the requirements shown in Figure 3.
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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.

b) Peripheral air inlet

© IS0 2024 - All rights reserved
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a Meas

b Spherical measurement surface.

c Flow

8 Calc¢ulation

8.1 Ge

This docpment specifies calculation metheds of sound power level and insertion loss.

The sounpd power level (A-weightedor frequency-band) of combustion air inlet noise and the insef
ted or frequency-band)(ofjthe air cleaner shall be calculated for the engineering method. A-weighted
wer level also can Wiecalculated from frequency band levels in accordance with Annex |B, which

(A-weigh
sound p
shall be j

The sour
air clean

e

c) Partial air inlet

urement plane.

direction.

Figure 3 — Microphone argays (schematic)

neral

tated in the report:

er shall be ealculated for the survey method.

82 C

8.2.1

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 calculated using

Formula

culation of sound power level

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

LP(B,

’ _ 1 NM 0,1L’ '(ST)
Lp(ST) —101g|:m2 i-1 10 pi

1=

—_— 1 N 0,1L,;
ST) =101g|:_2121¥ 10 pi(B,ST) :|

Ny
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where
I i(sT) is the time-averaged sound pressure level measured at the ith microphone position with the
p noise source under test in operation, in decibels;
Lyigst) is the time-averaged sound pressure level of the background noise measured at the ith micro-
phone position, in decibels;
Ny is the number of microphone positions.
NOTE Subscript of “ST” denotes tested sound source, including the situation of the air cleaner or substitution pipe

installed on the engine.

8.2.2 (
The bacK

Ki(s

where

Forthee
noise shg
and corr
measure

NOTE 1

maximunp correction to be applied\to these measurements can be useful for determining an upper bound

sound po
NOTE 2

For surv
shall be
and corrj
measure|

Lorrections for background noise

ground noise correction, Kl(ST), shall be calculated using Formula (5), expresseddn décibe
—-0,1AL

) =—10lg(1-10 p(ST) )

51) = Lp(st) ~Lp(B,sT)

is the mean time-averaged sound pressure levelfrom the array of microphone posit
) 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 the
microphone positions over the measurement surface, in decibels.

ngineering method, if AL, g1y > 15 dB, Kj(sry is assumed to be zero, and no correction for bag
IIbe applied. If 6 dB < AL, 1) < 15 dB,corrections shall be calculated in accordance with Foy
pctions shall be applied, that is 0,1°dB < K; g1y < 1,3 dB. If AL, 51y < 6 dB, that is Ky g7y > 1,
ment is not valid.

If Ky (s1) >1,3 dB, the measurement results of sound power level do not satisfy the accuracy grade
ver level of the noise sourc¢e under test.
The particular specifications for the band measurement, see 4.2.

ey method, AL, g1 > 10 dB, K;(s7y is assumed to be zero and no correction for backgroy
ppplied. 3 dB < Ai sT) S 10 d%, corrections shall be calculated in accordance with For
ections-shall be appﬁed, that is 0,5 dB < Ky g1y < 3 dB. If AL, (1) < 3 dB, that is K;gr) >
ment is not valid.

(5)

ons over

array of

kground

mula (5)
3 dB, the

2, but the
ary to the

nd noise

mula (5)
B dB, the

NOTE 3

3, but the

1£ L 2 dD o o cii oot o 3l £ ad wmataar lazal do oo coriofer £ P
T ‘\1 ST J UL, LTIV ITIICASUT CITICITU T UCOUITS U SUUITIU PUVVLL ICVCI UU 1TIUU QGLIJLJ e daleur a\,_y 5! autc

maximum correction to be applied to these measurement can 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, K, gr), according to Annex A.
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For the engineering method, if K7y < 4 dB, the measurement is valid according to this document. If
Ky(sty > 4 dB, the measurement is not valid.

NOTE1  If Kys7y > 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 can be useful for determining an upper boundary to the
sound power level of the noise source under test.

For survey method, if K7y < 7 dB, the measurement is valid according to this document. If K, g1y > 7 dB, the
measurement is not Valié.

NOTE2  If Kysy > 7 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 can be useful for determining an upper boundary to the
sound power level of the noise source under test.

8.2.4 $urface time-averaged sound pressure levels

The surface time-averaged sound pressure level, L,sr), shall be calculated by correcting the mgan time-

averaged sound pressure level, L'p(ST) , for background noise (K, see 8.2.2) and for the influence of the test
environment (K,, see 8.2.3) using Formula (6), expressed in decibels:

Lp(S'];: Lpcst) —Kq(smy —Kzsm) (6)

8.2.5 $ound power levels

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

Lw gy =Lp(sm) +1018[ (50) J (7)

where

S(st) is the area of the measurement surface, in square metres [Sesmy = 4nr);
Sy | isequalto1m?.

AtmospHeric pressure and/or a témperature create a bias in the radiation of sound power. At pltitudes
greater than 500 m above sea leyel and/or temperatures below 10 °C, the sound power levels, Ly cf atms
correspdnding to the referen€e)static pressure 101,325 kPa and reference atmospheric temperature 23,0 °C
shall be ¢alculated in accordance with Annex C and stated in the report.

8.3 Calculation ofinsertion loss
The calcpilation ofinsertion loss is given in 3.21.

If the plpe’eentre of the substitution pipe and the inlet of air cleaner have the same positjons and
measurement radius that are the same microphone locations and number, calculate the insertion loss, D,
using Formula (8), expressed in decibels:

Dy =Lyspy—Lycac (8)
where
Ly(sp) is the surface time-averaged sound pressure level of combustion air inlet noise when the sub-

stitution pipe is installed on the engine, in decibels;

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

Ly(ac
p(40) cleaner is installed on the engine, in decibels.
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9 Information to be recorded

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

a) The tested air cleaner and substitution pipe:

1) adescription of the tested air cleaner (including the type, serial number, manufacturer, characteristic
section dimension, and length of the inlet/outlet pipe and body);

2) the inner diameter of the inlet of the substitution pipe.

b) The engine on which the air cleaner is installed:

1) & description of the engine on which the air cleaner is installed (including the type, sefial humber,
SO standard power and corresponding speed, displacement, and manufacturer);

2) i description of the operating conditions (including the engine power, engine,Spéed, spegific fuel
Consumption).

c) Acoystic environment:

1) g description of the test environment (including the nature of the. floor, walls and ceiling, and a
bketch showing the location of the noise source under test and any*other contents of the roqm;

2) adescription of the acoustical qualification of the test envirodment in accordance with Ann¢x A;

3) & description of the ambient conditions near the noise sowrce under test (including the barqmetric
pressure, air temperature, relative humidity, and wind-speed).

d) Desdription of instrumentation:

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

2) the date, place, results, and methods uSed to calibrate the sound calibrator and to vefify the
ralibration of the instrumentation system;

3) the characteristics of the microphone windscreen, if any.
e) Acoystical data:
1) the measurement method and accuracy grade;
2) the characteristicsource dimension, dy, and measurement radius, r;

3) the time-avetaged sound pressure level measured at the ith microphone position with the noise
source utider test in operation, Lp;st);

4) theeorrection(s), Ky(sT), to account for background noise;

5) theorrection(s), Ko¢m ,to account for the test environment, and the method from Annex Ajused to

determine it (them);

6) the surface time-averaged sound pressure levels, Lpesty s
7) the sound power levels, Ly, ;

8) the date and place where the measurements were performed and the person conducting the
measurements.
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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 document. The report shall also contain any statements required to be reported by
certain clauses in the main body of this document.

The measurement results of sound power level (A-weighted or frequency-band) in the report shall be
rounded to the nearest 0,1 dB.
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Annex A
(normative)

Qualification procedures for the acoustic environment

A.1 General

This Annex specifies procedures to determine the magnitude of the environmental correction, X,. These
procedures can be used to qualify a given measurement surface for an actual noise source ihdé¢r test in

accordarjce with this Technical Specification.

The qualification test based on room absorption requires the determination of the equivalent alsorption

area, 4, ¢f the test room and is based on the assumption that the room has approximately a cubic

shape, is

substantfially empty, and that sound is absorbed at the room boundaries. Four methods'are described/in which

A can belcalculated either from measurements of reverberation time, from measturements of sound

levels fr
referenc

The envifonmental correction, K5, shall be calculated from Formula+A.1), expressed in decibels:

A.2 Reverberation method

This testimethod shall be used only.in rooms of length and width each less than three times the ceilix

The equi

T

n

S
K, 910lg|1+4—
2 g[ A}

m the noise source under test using a secondary measurement surface, from measurem

is the equivalent sound absorption area ofthe room, in square metres;

is the area of the measurement surface, in square metres.

14
16—
T (

n

pressure
ents on a

b sound source, or estimated from the mean absorption coefficiént (The approximate npethod is
only for $urvey method).

A1)

g height.

[valent sound absorption area, 4, in square metres, of the test room shall be calculated by the Sabine
reverberption time equation-at room temperatures between 15 °C and 30 °C:

A.2)

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

For the purpose of determining K, 5 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.

A.3 Two-surface method

This test

method shall be used only in rooms where K, < 2 dB.
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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.

S
The microphone locations on the second surface shall correspond to those on the first surface. The ratio S—Z
1
shall not be less than 2 and preferably should be greater than 4. The ratio A/S;is calculated from

Formula (A.3):

A —AM-1)

s 1 (s
1 1—M[S—1]
2

where

A.3)

M= LOO'l(LIﬂ_ P2>

in which
[,71 is the mean time-averaged sound pressure level on §;, see Forinula (3), corrected for bagkground
noise but not for the influence of the environment (see 8.2(4), in decibels;
LITZ is the mean time-averaged sound pressure level on Sy, See Formula (3), corrected for bagkground
noise but not for the influence of the 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, of the second’measurement surface.

The environmental correction K, for A-weighting or in frequency bands is obtained from Formula (4.1), with
the S/A rptio calculated from Formula (A.3).

A.4 De¢termination of the equivalent absorption area A with a reference sound|source

Areferenjce sound source meeting the requirements of ISO 6926 shall be mounted in the test environment and
hemi-ang¢choic room respectiyely,in essentially the same height of geometric centre, the same meagurement
surface, the same microphonepositions and number as that of the noise source under test. The sound power
level of the reference sound-source shall be determined in accordance with the procedure given in|Clause 7
without the environmental correction (i.e. K, is initially assumed equal to zero).

The envifonmental correction of the measurement surface, K,, expressed in decibels, is given by:

Ko 3L we Shsay a.4)

where

L'y  isthe environmentally uncorrected sound power level of the reference sound source determined
in accordance with Clause 7 when using the value 0 for K, in decibels;

Lyysay is the sound power level of the reference sound source measured in hemi-anechoic room under
the meteorological conditions of the test, in decibels.
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