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Foreword

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

This International Standard specifies methods for measuring the sound power level of exhaust noise
and the insertion loss of exhaust silencers installed on reciprocating internal combustion engines and a

method for measuring the power loss ratio of reciprocating internal combustion engines.

Sound power level of exhaust noise, insertion loss, and transmission loss are parameters to characterize
the acoustic performance of exhaust silencers. Sound power levels of exhaust noise and insertion loss
are important parameters to characterize the acoustic matching performance of exhaust silencers

and rec1procat1ng 1nternal combustlon englnes Transmlssmn loss IS the difference in so

level

irrelgvant with the reciprocating internal combustion engine. Power loss ratio and pyess
parameters to characterize the aerodynamic performance of exhaust silencers. Power los
impdrtant parameter to characterize the aerodynamic matching performance. ef exhau
and feciprocating internal combustion engines, whereas resistance coefficientwhich is cld
to prlessure loss is to characterize the aerodynamic performance of the exhaust silencer
irrelgvant with the reciprocating internal combustion engine on which the exhaust silencer
The matching parameters of the sound power level of exhaust noise, the/insertion loss, an
loss tatio are used in this International Standard as the measurement'\parameters.

For spund power level of exhaust noise, the measurement resultsiat 90° direction and 45° dire
diffefent. Themeasurementresultsat45°directionisslightly greaterthantheactualvalue, then
results at 90° direction is much closer to the actual results:For insertion loss, the measure
at 90° direction and 45° direction may be different, but the measurement uncertainty at 90
smaller than that at 45° direction. Measurement at 90%direction is used for the laboratory m
neering method). The measurement at 90° or\45° direction is used for laboratory mn
ey method). The measurement at 45° directien is used for site measurement.

und power

aust silencer,

itself and is
ure loss are
s ratio is an
st silencers
sely related
itself and is
is installed.
d the power
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direction is
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INTERNATIONAL STANDARD

ISO 15619:2013(E)

Reciprocating internal combustion engines —

Measurement method for exhaust silencers — Sound
power level of exhaust noise and insertion loss using sound
pressure and power loss ratio
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gccuracy grade 2;

bcope
[nternational Standard specifies the measurement method and requirements for'exha

neasurement.

he sound power level (A-weighted or in frequency bands) of exhaust noise using soul

he insertion loss (A-weighted or in frequency bands) of exhaust silencers;

he power loss ratio of reciprocating internal combustien engines.

od):
he sound power level (A-weighted) of exhaust noise using sound pressure, accuracy gi
he insertion loss (A-weighted) of exhaust silencers.

1  The aim of laboratory measurément in measuring the sound power level of exhaust nois
2 (engineering method) result. When the correction for background noise and/or the
tions and/or the location of exhaust outlets cannot meet the requirements of the engineering
hational Standard, then accuracy grade 3 (survey method) result is obtained. The aim of site
asuring the sound powerleyel of exhaust noise in this International Standard is accuracy gr

pd) result.

aboratory measurement (engineering method) of this International Standard can be u
ptance tests andengineering measures. The site measurementand laboratory measurer]
od) of this International Standard can be used to make comparative tests.

International Standard applies to all exhaust silencers installed on reciprocat
ustion-engines falling within the field of application of ISO 3046-1 and other exhaust
itable International Standard exists.

ollowing parameters are measured for laboratory measurement (engineering method)):

1st silencers

h is installed on reciprocating internal combustion engines, including laboratory. mmeastirement and

hd pressure,

following parameters are measured for site measurement and laboratory measurengent (survey

ade 3;

e is accuracy
environment

IIIethOd of this

easurement
hide 3 (survey

sed to make
hent (survey

ng internal
silencers, if

NOTE 2

engine as engine.

1.1

Measurement uncertainty

1.1.1 Engineering method

Throughout the text, exhaust silencer is referred to as silencer and reciprocating internal combustion

The standard deviation of reproducibility is equal to or less than 1,5 dB for A-weighted sound power
levels. In one-third octave bands, it is equal to or less than 5 dB from 50 Hz to 80 Hz, 3 dB from 100 Hz
to 160 Hz, 2 dB from 200 Hz to 315 Hz, 1,5 dB from 400 Hz to 5 000 Hz, and 2,5 dB from 6 300 Hz to
10 000 Hz. In octave bands, it is equal to or less than 5 dB for 63 Hz, 3 dB for 125 Hz, 2 dB for 250 Hz,
1,5 dB from 500 Hz to 4 000 Hz, and 2,5 dB for 8 000 Hz.
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1.1.2 Survey method

The standard deviation of reproducibility is equal to or less than 4,0 dB for A-weighted sound power levels.

NOTE 1

The standard deviations listed in 1.1 are associated with the test conditions and procedures

defined in this International Standard and not with the noise source itself, including variations of installation
and/or operation conditions. They arise in part from variations between measurement laboratories, changes
in atmospheric conditions if outdoors, the geometry of the test room or outdoor environment, the acoustical
properties of the reflecting plane, absorption at the test room boundaries if indoors, background noise, and the
type and calibration of instrumentation. They are also due to variations in experimental techniques, including
the size and shape of the measurement surface, measurement distances, number and location of microphone
positions, sound source location, determination of environmental corrections, if any, and integration time. The

standard de
source. Such
distances an

NOTE2 If

determinatio
standard dev|

NOTE 3
conditions, t

NOTE 4
measuremen
uncertainty i

NOTE 5

The measur]

of confidend
confidence t
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NOTE6  F(
acceptance if

2 Normg

The followil
indispensab
references, {

1SO 3046-1:2
fuel and lubr

ISO 3046-3:

}iations are also affected by errors associated with measurements taken in the near field

Fq

|

The procedures of this International Standard and the standard deviations given in 1.1 are appl
to measurem

rrors depend upon the nature of the sound source, but generally increase for smaller measure¢
lower frequencies (below 250 Hz).

several laboratories use similar facilities and instrumentation, the results of*~sound f
ns on a given source in those laboratories may be in better agreement than would’be implied |
iations of 1.1.

r a family of silencers, of similar size with similar sound power spec¢tsa’and similar oper
e standard deviations of reproducibility may be smaller than the values'given in 1.1.

estandard deviationsofreproducibility,aslistedin 1.1,include the uficertaintyassociated withrep,
s on the same noise source under the same conditions (for standard.deviations of reproducibility)
usually much smaller than the uncertainty associated with jntérlaboratory variability.

ents on an individual silencer.

ement uncertainty depends on the standard-deviation of reproducibility and on the dg
e that is desired. As examples, for a normal\distribution of sound power levels, there is
hat the true value of the sound power level of a source lies within the range +1,6450r ¢

r a normal distribution of sound ‘power levels, there is 90 % confidence that the probabil
95 % and a 95 % confidence that'the probability of acceptance is 97,5 %.

itive references

1g documents, in.'whole or in part, are normatively referenced in this document an
le for its application. For dated references, only the edition cited applies. For unc
he latest editien of the referenced document (including any amendments) applies.

002, Reciprocating internal combustion engines — Performance — Part 1: Declarations of p
icating,0ll consumptions, and test methods — Additional requirements for engines for gener

006, Reciprocating internal combustion engines — Performance — Part 3: Test measurer

hlue and a 95 % confidence that it liestwithin the range +1,9600r of the measured valug.
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IS0 6926:1999, Acoustics — Requirements for the performance and calibration of reference sound sources
used for the determination of sound power levels

[EC 60942:2

003, Electroacoustics — Sound calibrators

IEC 61260:1995, Electroacoustics — Octave-band and fractional-octave-band filters

IEC 61672-1:2002, Electroacoustics — Sound level meters — Part 1: Specifications

3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.
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sound pressure

difference between instantaneous pressure and static pressure, expressed in pascals

3.2

sound pressure level

Lp

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

2

I~

whel

Note
band

Note

3.3
time
Lp,T
ten i
pres
aref

I~

whet

Note
deten

Note
LpA’T’

Note

_ p
Po
e the reference value, pg, is 20 pPa

1 to entry: If specific frequency and time weightings, as specified in IEC 61672<l;and/or spec
5 are applied, this is indicated by appropriate subscripts, e.g. Lpa denotes the A-weighted sound p

P to entry: It is expressed in decibels.

-averaged sound pressure level

imes the logarithm to the base 10 of the ratio of theitime average of the square @
bure, p, during a stated time interval of duration, T (starting at t; and ending at t3), to t

erence value, po
t
1_[ ?p?(t)dt
—101g| T4
pT =+V18 2
Po

e the reference value, po, is 20 uPa

1 to entry: In general, the subseript “T” is omitted since time-averaged sound pressure levels aj
mined over a certain measurement time interval.

2 to entry: Time-averaged sound pressure levels are often A-weighted, in which case they ay
which is usually abbreviated as Lpa.

B to entry: It isyéxpressed in decibels.

hce time=averaged sound pressure level

fic frequency
ressure level.

f the sound
he square of

e necessarily

e denoted by

positions, or

traverses, on the measurement surface, with the background noise correction, K1, and the environmental
correction, K3, applied

Note

3.5

1 to entry: It is expressed in decibels.

measurement time interval

T

portion or a multiple of an operational period or operational cycle of the noise source under test for

whic

Note

© ISO

h the time-averaged sound pressure level is determined

1 to entry: It is expressed in seconds.
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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

3.8
acoustic frd

acoustic fre¢ field in the half-space above an infinite reflecting plane in the absence of any other-obst]

3.9
frequency 1
for general
63Hzto80

Note 1 to enf
environment
to the freque

3.10
measuremsg
r

radius ofa s

Note 1 to ent

3.11

measuremg
hypothetica
sound press|

3.12
backgroun
noise from 4

be field over a reflecting plane

range of interest
purposes, the frequency range of octave bands with nominal mid-bandfrequencies
0 Hz (including one-third octave bands with mid-band frequencies frem 50 Hz to 10 00

ry: For special purposes, the frequency range can be extended or reduced, provided that th

and instrument specifications are satisfactory for use over the modified frequency range. Ch
hcy range of interest are included in the test report.

bnt radius

pherical measurement surface

Fy: It is expressed in metres.

ent surface
[ spherical surface of area, S, on whith the microphone positions are located at whic
ure levels are measured, enveloping the noise source under test

1 noise
11 sources other thanthe noise source under test

Acles

from
D Hz)

b test
inges

h the

Note 1 to entry: Background mnoise includes contributions from airborne sound, noise from structure-lporne

vibration, an

3.13
backgroun
K1

correction

l electrical nois€ in-the instrumentation.

l noisecorrection

aliplied to the mean (energy average) of the time-averaged sound pressure levels over a

microphonel i

11 the

5e

Note 1 to entry: The background noise correction is frequency dependent; the correction in the case of a frequency
band is denoted by K15, where f denotes the relevant mid-band frequency, and that in the case of A-weighting is
denoted by KA.

Note 2 to ent

ry: It is expressed in decibels.
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ronmental correction

correction applied to the mean (energy average) of the time-averaged sound pressure levels over all the
microphone positions on the measurement surface, 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 f denotes the relevant mid-band frequency, and that in the case of A-weighting is
denoted by Kza.

Note 2 to entry: In general, the environmental correction depends on the area of the measurement surface and,

usua

Iy, Ko increases with S

Note

3.15

sourld power

P

throyigh a surface, the product of the sound pressure, p, and the component of the particle v¢
a point on the surface in the direction normal to the surface, integrated-ever that surface

Note
Note

3.16

sourld power level

Lw

ten times the logarithm to the base 10 of the ratio of the'sound power of a source, W, to a referer]

where the reference value, Wy, is 1 pW

Note
appli

Note

3.17

exhaust silencer
chanpber with aceustic lining and/or special structure designed to reduce exhaust noise

Note

the exhaust manifold and pipe.

3.18

I~

B to entry: It is expressed in decibels.

1 to entry: The quantity relates to the rate per time at which airborne-sound energy is radiate

P to entry: It is expressed in watts.

w
=10lg—
w gWO

bd, this is indicated by appropriate subscripts, e.g. Lya denotes the A-weighted sound power leg

P to entry: It is expressed in’'decibels.

1 to entry: The ICE exhaust silencer generally comprises the entire part from its inlet but dog

locity, up, at

1 by a source.

1ce value, W

1 to entry: If a specific frequency weighting, as specified in IEC 61672-1, and /or specific frequefcy bands are

vel.

s not include

substitution pipe
rigid, non-absorbing pipe having the same length and the same cross section area of outlet as the
tested silencer

3.19

straight transition pipe

strai

3.20

ght pipe used to connect two pipes of different cross section areas

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

© IS0 2013 - All rights reserved
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3.21

centre distance of several exhaust outlets

b

double average distance from one exhaust outlet to the geometric centre of all exhaust outlets

3.22

insertion loss

Dy

loss of sound power due to the insertion of a component or device at some pointin a transmission system

Note 1 toentry: Specifically, itis the difference between the sound power level of exhaustnoise when the substitution
pipe is installed-entheensireand-whentheexhoustsHencerisnstatled ontheengineisexpresseddndegbels.

Dy =Ly py — Lwes)

where

Lw(sp) |is the sound power level of exhaust noise when the substitution pipe is'installed on the
engine, in decibels;

Lw(gs) |is the sound power level of exhaust noise when the silencer is installed on the engine, in

decibels.
3.23
power loss [ratio
I'p

ratio of the flifference between the engine power when the substitution pipe is installed on the engine
and when tHe exhaust silencer is installed on the enginegto the engine power with the substitution pipe
installed on|the engine in the declared condition

Note 1 to entfy: It is expressed in percentage.

Py ~FrEs) g 0004

Pr(sp)

is the engine poWwer when the substitution pipe is installed on the engine under stand-

Py(sp
r(SP) ard referenceCeondition, in kilowatts;

Pygs)| is the engitie power when the exhaust silencer is installed on the engine under standard
referefige condition, in kilowatts.

4 Test environment

4.1 General

Environmental conditions having an adverse effect on the microphones used for the measurements
(e.g. strong electric or magnetic fields, wind, impingement of air discharge from the noise source being
tested, high temperatures) shall be avoided. The instructions of the manufacturer of the measuring
instrumentation regarding adverse environmental conditions shall be followed.

In an outdoor area, care shall be taken to minimize the effects of adverse meteorological conditions
(e.g. temperature, humidity, wind, precipitation) on sound propagation and sound generation over the
frequency range of interest or on the background noise during the course of the measurements.

6 © IS0 2013 - All rights reserved
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When a reflecting surface is not a ground plane or is not an integral part of a test room surface,
particular care should be exercised to ensure that the plane does not radiate any appreciable sound due
to vibrations.

4.1.1 Engineering method

The test environments that are applicable for measurements in accordance with this International
Standard are the following:

a) alaboratory room or a flat outdoor area which is adequately isolated from background noise (see
4.2) and which provides an acoustic free field over a reflecting plane;

b) i_‘room or a flat outdoor area which is adequately isolated from background noige
in which an environmental correction can be applied to allow for a limited conttibuti

feverberant field to the sound pressures on the measurement surface.

bee 4.2) and
on from the

4.1.2 Survey method

The tlest environment thatis applicable for measurements in accordance with this Internatiopal Standard
is arpom or a flat outdoor area which is adequately isolated from background noise (see 4.4) and which
meets the qualification requirements of 4.3.

4.2 | Criteria for background noise

4.2.1 Engineering method relative criteria

4.2.1.1 General

The 1
the iy
mor¢
sour

band|
If thi

4.2.1

The
Nnoise

frequency range(of interest in which the A-weighted sound power level of the noise source

atled
rang

ime-averaged sound pressure level of the background noise measured and averaged (se
nicrophone positions or traverses on the-measurement surface shall be at least 6 dB, an)

than 15 dB, below the corresponding uncorrected time-averaged sound pressure level
ce under test when measured in thie presence of this background noise. For measurements
s, this requirement shall be met in each frequency band within the frequency range of in

s requirement is met, the background noise criteria of this International Standard are

.2 Frequency band-measurements

requirements 0f\4<2.1.1 may not be achievable in all frequency bands, even when the
levels in thHe“tést room are extremely low and well controlled. Therefore, any banc

st 15 dB:bélow the highest A-weighted band sound power level may be excluded from th
e of interest for the purposes of determining compliance with the criteria for backgroy

e 8.2.1) over
d preferably
of the noise
in frequency
terest.

satisfied.

background
| within the
inder test is
e frequency
nd noise.

4.2.

5 A-welighted measurements

If the A-weighted sound power level is to be determined from frequency band levels and reported,
the following steps shall be followed to determine whether this quantity meets the background noise
criteria of this International Standard.

a) TheA-weighted sound powerleveliscomputedinaccordance withthe proceduresinthisInternational
Standard using the data from every frequency band within the frequency range of interest.

b) The computation is repeated, but excluding those bands for which AL, < 6 dB.

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 International Standard.
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4.2.2 Absolute criteria

Ifitcanbe demonstrated thatthe background noiselevelsin the testroomatthe time of the measurements
are less than or equal to those given in Table 1 for all bands within the frequency range of interest, the
measurements can be taken as having met the background noise requirements of this International
Standard, even if the 6 dB requirement (see 4.2.1.1) is not met for all bands. It can be assumed that the
source emits little or no measurable noise in these frequency bands and that the data reported represent

an upper bound to the sound power level in these bands.

In the case where some of the measured time-averaged levels from the source under test are less than
or equal to those given in Table 1, the frequency range of interest may be restricted to a contiguous

range of frequenciesthatinctudesbothrtiretowestand-ighest frequenciresatwhichr thresoumdpregsure
level from the noise source exceeds the corresponding value in Table 1. In such cases, the applitable

frequency range of interest shall be reported.

4.2.3 Statement of non-conformity with criteria

If neither th}r relative criteria of 4.2.1 nor the absolute criteria in 4.2.2 are met, the report shall clearly

state that t

e background noise requirements of this International Standard-have not been metj and,

in the case ¢f frequency band measurements, shall identify the particular frequency bands that dp not

meet the criteria. Furthermore, the report shall not state or imply that theymeasurements have

made “in full conformity” with this International Standard.

Table 1 — Maximum background noise levels in the testroom for absolute criteria

been

One-third octave mid-band frequency Maxgum barllgvsgund pressure
Hz dB
50 44
63 38
80 32
100 27
125 22
160 16
200 13
250 11
315 9
400 8
500 7
630 7
800 i

1000 7
1250 7
1600 7
2000 7
2500 8
3150 8
4000 8
5000 8
6300 8
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Table 1 (continued)
One-third octave mid-band frequency Maximum balllélvse(;und pressure
Hz
dB
8000 12
10 000 14

4.2.4 Survey method

The

shall

‘ATDi(T]’\fD{'] CI'\IIV\!“ halalaY XA RRatla} ]D‘ID]C !']'IID o ]'\ar‘lzn'rnnnr] noise aunrnn‘nr‘ oler fhﬂ mihrr\nh
O | 3¢ o o r

be atleast 3 dB below the mean sound pressure level due to the noise source under te€st

when measured in the presence of this background noise (see 8.2.1).

4.3

4.3.1

4.3.1

A tes
unde

As 1d
refle

NOTH

width (e.g. diameter of a pole or supporting member).exceeds one-tenth of its distance from the ref{

The 1
the ¢

Criterion for acoustic adequacy of test environment
Engineering method

.1 General

t room shall provide a measurement surface that lies inside'a sound field that is essen
sired sound reflections from the room boundaries or nearby objects (apart from the f

ng as it is practicable, the test environment shall be*free from reflecting objects ot
cting plane(s).

1  Anobjectin the proximity of the noise sourecgunder test can be considered to be sound r

lane(s). The sound absorption coefficient of the reflecting plane(s) shall be less than

frequyency range of interest.

NOTH

Annd
accol
with

The

roonmnj

For 3
soun|
from|

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

x A specifies procedurés)for determining the magnitude of the environmental corre
int for deviations of(he test environment from the ideal condition. Measurements in
this International.Standard are only valid where K74 < 4 dB.

environmental correction, K>, is assumed to be zero for measurements made in hej
1s which meet the requirements of ISO 3745.

n outdeor’space which consists of a hard, flat ground surface, such as asphalt or concy

ne positions
in operation

tially free of

eflecting plane(s) shall extend at least’'0;5 m beyond the projection of the measuremer]

or).

10
er than the

eflecting if its
brence box.

t surface on
0,1 over the

ction, K7, to

accordance

mi-anechoic

ete, with no
est distance

d-refleécting objects within a distance from the noise source equal to 10 times the great

envir

the geometric centre of the source to the lowest measurement points, it shall be assurlned that the

OTTETTtat TorTeCtion K7 15 tess tiram 6,5 dBamd camr be reglected:

4.3.1.2 Criterion for environmental correction

The environmental correction, K34, shall first be determined without reference to frequency band data,
using one of the procedures of Annex A. Then

i

a)
b)

f Kop > 4 dB, this International Standard is not applicable, and

frequency bands or A-weighted.

if Kpa < 4 dB, measurements may be made in accordance with this International Standard, either in

Where it is decided to make measurements in frequency bands, the relevant environmental correction
K2 shall be determined in each band over the frequency range of interest in accordance with A.2 or A.3.4

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=bdd4790c2a3aa3d621f4c8fe4c1174f2

ISO 15619:2013(E)

and all measurements to determine LW of a noise source shall be made in frequency bands. LWA shall be
calculated using the frequency-band levels (see Annex C).

4.3.2 Survey method

Annex A specifies procedures for determining the magnitude of the environmental correction, K34, to
account for deviations of the test environment from the ideal condition. Measurements in accordance
with this International Standard are only valid where K4 < 7 dB.

5 Instrumentation

5.1 Genefal

The instrullnLlentation system, including the microphones, cables, and windscreens, if used, shall meet
the requireiments of IEC 61672-1:2002, class 1 for results of accuracy grade 2 and class,2 for resu|ts of
accuracy grade 3, and the filters shall meet the requirements of IEC 61260:1995, class 1.

5.2 Calibration

Before and|after each series of measurements, a sound calibrator jmeeting the requirements of
IEC 60942:4003, class 1 shall be applied to each microphone to verify the calibration of the entire
measuring $ystem at one or more frequencies within the frequeney range of interest. Without any
adjustment,|the difference between the readings made before andvafter 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 measure;ients
shall be disdarded.

The calibrafion of the sound calibrator, the compliance of the instrumentation system with the
requirements of IEC 61672-1, the compliance of the filtér set with the requirements of IEC 61260, and, if
used, the compliance of the reference sound source With the requirements of ISO 6926 shall be vetified
at intervals [n a laboratory making calibrations ttaceable to appropriate standards.

Unless natignal regulations dictate otherwise) it is recommended that the sound calibrator should be
calibrated af intervals not exceeding 1y, the reference sound source should be calibrated at intervals not
exceeding 2 [y, the compliance of the instfumentation 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.

6 Installation and operation of noise source under test for laboratory measurenjent

6.1 General

The manner in‘which the silencer under test is installed and operated may have a significant inflyence
on the soungl power emitted by a noise source, for example, the shape, inner diameter, and length ¢f the
exhaust outlet may have influence on the sound power and/or power loss ratio. The flow noise generated
by high-flow speed can be greater due to the smaller inner diameter of the exhaust outlet. The silencer
to be tested shall be installed with respect to, as if it were in normal use. This clause specifies conditions
that are intended to minimize variations of the sound power level due to the installation and operating
conditions of the noise source under test.

10 © IS0 2013 - All rights reserved
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6.2.1

ISO 1561

Source location

Engineering method

9:2013(E)

The exhaust outlet shall be installed outdoors orin a testroom which meets the requirements of accuracy
grade 2 (engineering method) and is not the same room where the engine is. For the requirements of
exhaust outlet location, see Table 2; for the requirements of measurement radius r, see 7.2.1.1.

NOTE Ifthe location of the exhaust outlet cannot meet the requirements of the engineering method, see 6.2.2.
6.2.2__Survey method
The exhaust outlet and the engine are installed in the same room, and the measurement result of the

soun
outld

d power level of accuracy grade 3 (survey method) is obtained. For the requirement

t location, see Table 2; for the requirements of measurement radius r, see 7.2 12

Table 2 — Requirements of exhaust outlet locatien

s of exhaust

Dimensipns in metres
Parameters Engineering method Survey megthod
disfance between exhaust outlet and
reflecting planes (ground), d di=2randdq; =0,5 di=randdq=0,25
distance between exhaust outlet and
wall/ceiling at flow direction, d; d22 2y d222
distance between exhaust outlet and
wall/ceiling at non-flow direction, d3 d3 2 rand d3 2 0,5 ds3zranddy=20,25
6.3 | Installation requirements
6.3.1 General
If thg exhaust outlet 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 exhaust pipe and walls
If th¢ exhaust outlet and the erigine are installed in the same room, the excessive noise gengrated by the

engine and the dynamometer as one part of background noise shall be shielded or wrapped

requ
radid

rements of criteriafor background noise (see 4.2) to reduce extraneous noise influenc}
ted from the exhaust outlet.

to meet the
ng the noise

© ISO

2013 - All rights reserved
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6.3.2 Straight transition pipe

If the inner diameter of the exhaust pipe and/or substitution pipe and the inner diameter of the inlet
of the silencer are different, use a straight transition pipe to connect them (see Figure 1). The use of a
straight transition pipe shall meet the requirement of Formula (1).

! >2,8 (1

a out

in —d

where

icthainnar diarantnr Aftbha tnlnt Af+bha Avhanct cilaneny 1 b
a.n S—eRe-Hhiheraiaiete oo rtne-Hre e orttne-extatuStShrehees e sres;

Aoy | is the inner diameter of the outlet of the exhaust silencer or equivalent inner digmetgr for
several exhaust outlets (area calculated using the equivalent inner diametet_are the gum
of all cross-section areas of exhaust outlets), in metres;

| is the length of the straight transition pipe, in metres.

{n
|
|
g

Figure 1 — Straight transition pipe (schematic)

6.3.3 Bent transition pipe

The bent transition pipe shall beruised to change the direction of airflow (see Figure 2). If used, it|shall
meet the requirement of Formula (2).

R, (2)
dp
where

R is|theradius, in metres;

dp is the diameter of the steel pipe, in metres.
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s

Figure 2 — Bent transition pipe (schematic)

NOTH Minimize the number of bent transition pipes which influence the measurement restilts of tested
paraineters.

6.4 | Operation condition

For tf
defin
pipe
whe

nd speed as
substitution
e conditions
nged as the
ature of the
e, where the

he laboratory measurement, the engine shall be operated at its [SO standard power 4
ed in ISO 3046-1 under ISO standard reference conditions in a steady state when the
is installed on the engine. The engine shall be gperated under ISO standard referenc

the exhaust silencer is installed on the engine; keeping the throttle opening unchg
condjfition of the substitution pipe installed on thé“engine is in a steady state. The temper]
oil, cpolant, and tested silencer shall be stable when the engine is operated in a steady stat
ambient and intake temperature shall not be'higher than 45°C.

Meas
or dg

urements can be made in other operating conditions and, if necessary, can also be made i accelerated
celerated conditions. All measurerments made in such conditions shall be stated in the tlest report.

7 Measurement

7.1 | General

This|International, Standard specifies two measurement methods: laboratory measuremgnt and site

mea
is in
silen
(engi

urement. Faboratory measurement is the measurement when the engine on which
ttalled if the test room. Site measurement is the measurement when the engine o
cer is.installed is at the service site. Laboratory measurement aims to obtain accur
neéring method) or accuracy grade 3 (survey method) measurement results of s

the silencer
n which the
acy grade 2
bund power

level| Site measurement aims to obtain accuracy grade 3 (survey method) measuremeint results of
sound power level. Laboratory measurement (engineering method) can provide a relatively complete
evaluation about the silencers. The main evaluation parameters are sound power level of exhaust noise,
insertion loss, and power loss ratio. Laboratory measurement (survey method) and site measurement
can provide comparative evaluations about different silencers installed on the same engine. The main
evaluation parameters are sound power level of exhaust noise and insertion loss.

The sound pressure level of exhaust noise and engine power shall be measured during the same period
in the measurement.

To minimize the influence of observers on the measurements, the microphones shall preferably be
mounted on arigid frame or stand and be connected to the sound level meter by a cable. It is essential to
ensure that the rigid frame or stand is not connected to the vibrating surface.

© IS0 2013 - All rights reserved 13
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In addition to the specification given in Clause 5, the microphone 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 exhaust outlet. 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 engine operated in steady
condition and the time-weighting characteristic “F” shall be used for the engine operated in accelerated
or decelerated condition which can be expressed as the time-averaged sound pressure level if measured.

Measurement results include sound pressure level L'p(gs) (when the tested silencer is installed on the
engine) and L’y(sp) (when the substitution pipe is installed on the engine) (A-weighted or in frequency
bands) under operationand sound pressurelevel of background noise Ly(g,gs)and/or Ly(B,sp) (A-weighted

or in freque

The period d
bands centr]
bands centr

The test con|
substitution
exhaust out

7.2 Labo
7.2.1 Mici

7.2.1.1 En

Four microgp
be arranged
The straight
direction. A
spherical c¢
(horizontal

The measur
Aoyt For sey
distance of {

The recommend value of méasurement radius r is 0,5 m and it shall be at least 0,25 m. The prefg

value of mej
value may a
measureme

A smaller v

dition when the silencer is installed on the engine shall be similar as that.condition whe

ficy bands).

f observation for the A-weighted sound pressure level shall be at least 4 s. For thefseqy
ed on or below 160 Hz, the period of observation shall be at least 30 s. For theAreqy
ed on or above 200 Hz, the period of observation shall be at least 10 s.

pipe is installed on the engine to reduce the measurement uncertainty. The location ¢
et and microphone positions shall remain unchanged.

ratory measurement
‘ophone arrays

gineering method

hone positions shall be used for the engineering method. These measurement points
on the spherical measurement surface, the.centre of which is the outlet geometrical cg
line connecting one measurement point-and the spherical centre shall be 90° from the
Iso, this straight line shall be 45° from the horizontal line, which is passing throug
ntre and is vertical to the flow direction. The measurement points are shown in Figi
hirflow) and Figure 4 (vertical airflow).

ement radius, r, shall be equal to or more than two times the inner diameter of the o
reral outlets, measurement radius, r, shall be equal to or more than two times the c
everal outlets, b.

surement radius r shall be selected from the series: 0,25 m, 0,5 m, 1 m, 2 m, 4 m, 8 m|
so be selected from the following series: 0,25 m, 0,315 m, 0,4 m,..., 5m, 6,3 m, 8 m. Als
ht radius; 7y shall meet the requirements of the engineering method in Table 2.

|luecof’the measurement radius may be used in the test when the exhaust outlet is lo

ency
ency

n the
f the

shall
ntre.
flow
h the
ire 3

itlet,
bntre

erred
. The
b, the

ated

indoors, wh

1€°a bigger value may be used when the exhaust outlet is located outdoors.
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Key

1 all

2 dpherical measurement surface
3 ow direction

4 :Leasurement plane

©  four measuring points
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a) front view

Key
1 floor

o four measuring points

L @ iR
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» |l
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| | |
R
= |, 1
/-
A

b) right view

Figure 3 — Arrangement of the key measurement points and measurement surface for the
exhaust silencer (direction: 90°) (horizontal airflow) (schematic)
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Key
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Key
1

wall
ceiling
floor

measurement plane

flow dirdction

four medsuring points

dh

a) front view

spherical measurement surface

o four measuring points

b) top view

Figure 4 — Arrangement of the key measurement points and measurement surface for the
exhaust silencer (direction: 90°) (vertical airflow) (schematic)
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7.2.1.2 Survey method

One microphone position is adequate for the survey method. This measurement point shall be arranged on
the spherical measurement surface, the centre of which is the outlet geometrical centre. The straight line
connecting the measurement point and the spherical centre shall be 90° or 45° from the flow direction.

Select one point as far from the silencer body and/or reflecting plane as possible as the microphone
position, e.g. point number 1 or 2 shown in Figure 3 and Figure 4 for the measurement of the 90° direction
and point number 1 shown in Figure 5 and Figure 6 for the measurement of the 45° direction.

The measurement radius, r; shall be equal to or more than J2 times the inner diameter of outlet, dout-
For sgveraloutiets; MeasureInelnt Tadius, 7, SiTall be equal to O ITore tam v 2 times the centre distance
of seyeral outlets, b.

The recommend value of measurement radius, r, is 0,5 m and it shall be at least 0,125/m. The preferred
valu¢ of measurement radius, r; shall be selected from the series: 0,125 m, 0,25 m,0,5m, 1{m, 2 m, 4 m,
8 m. [The value may also be selected from the following series: 0,125 m, 0,16 m,-0,2 m,..., 5 1, 6,3 m, 8 m.
Alsofthe measurement radius, r, shall meet the requirements of the survey method in Tabld 2.

A smialler value of the measurement radius may be used in the test when the exhaust outlet is located
indogrs, while a bigger value may be used when the exhaust outlet isilocated outdoors.

7.2.1 Determination of engine power

The measurements of engine power shall be determined'in accordance with ISO 3046-3 and all
meagurement results shall be recorded.

The engine shall be operated at its ISO standard pewer and speed as defined in ISO 304611 under ISO
stanglard reference conditions in a steady state, When the substitution pipe is installed o1} the engine,
record the engine power at the declared speed. The engine shall be operated under 1$0 standard
referfence conditions when the exhaust silenger is installed on the engine, keeping the throftle opening
unchlanged as the condition of the substjtution pipe installed on the engine is in a steady state. Record
the engine power at the declared speed:

If th¢ ambient test conditions aretdifferent from standard reference conditions, adjust the[power from
the gmbient test conditions tothe standard reference conditions according to ISO 3046-1} and record
the adjusted power at the declared speed.

Alsofthe measurement results of the pressure loss of the engine measured according to the gpecification
of Aninex B is only for‘reference.

7.3 | Site measurement

The pame.microphone array as that for the laboratory measurement (survey method) shall be used.
One [mi¢rophone position is adequate, this measurement point shall be arranged on the spherical
meagurement surface, the centre of which is the outlet geometrical centre. The straight lin¢ connecting
the measurement point and spherical centre shall be 45° from the flow direction. Select one point as
far from the silencer body and/or reflecting plane as possible as the microphone position, e.g. point
number 1 shown in Figure 5 and Figure 6.

The measurement radius, r, shall be equal to or more than \/E times the inner diameter of outlet, agyt.

For several outlets, measurement radius, r;, shall be equal to or more than \/E times the centre distance
of several outlets, b.

The recommend value of measurement radius, r, is 0,5 m and it shall be at least 0,125 m. The preferred
value of measurement radius, r, shall be selected from the series: 0,125 m, 0,25 m, 0,5m,1 m, 2 m, 4 m,
8 m. The value may also be selected from the following series: 0,125 m, 0,16 m, 0,2 m,..., 5 m, 6,3 m, 8 m.
Also, the measurement radius, r, shall meet the requirements of the survey method in Table 2.

© IS0 2013 - All rights reserved 17
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A smaller value of the measurement radius may be used in the test when the exhaust outlet is located
indoors, while a bigger value may be used when the exhaust outlet is located outdoors.

All site measurements shall be carried out with the similar ambient conditions and operating conditions
of the engine for comparison. The site ambient conditions and the operating conditions of the engine
shall be stated in the test report.

Determine the engine operating conditions as required for site measurement.
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Rigure 5 — Arrangement of the key measurementpoint and measurement surface for the
exhaust silencer (direction: 45°) (horizontal airflow) (schematic)
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8 Calcul
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or in freque
for the labo|
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The sound p
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8.2 Calcu

ratory measurement (engineering method). A-weighted sound pressure level can alj

b) top view

suring point

p — Arrangement of the key measurement pointand measurement surface for the

exhaust silencer (direction: 45°) (verticalairflow) (schematic)

ation

ral

pwer level (A-weighted or infrequency bands) of exhaustnoise, the insertion loss (A-weig
hcy bands) of the exhaust(silencer, and the power loss ratio of the engine shall be calcu

‘om frequency band levels in accordance with Annex C which shall be stated in the rep

hted
lated
o be
ort.

pwer level (A-wejghted) of the exhaustnoise and the insertion loss (A-weighted) of the exhaust

| be calculatedfor the site measurement and laboratory measurement (survey method).

lation ef sound power level of exhaust noise

8.2.1 Cald

ulation of 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 calculated using Formula (3) and Formula (4), expressed in decibels

L;J(ST) =10 lgl:

20

Ny ,
LZlOO’“ pI(ST)
Nw i

]dB

(3)
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L rmom 1 W ow
pB,sT) =101g 37—2510 ALpiesT) | 4B

L 4)
M j=1
where
L;)i(ST) is the time-averaged sound pressure level measured at the ith microphone position
with the noise source under test in operation, in decibels;
L,ipst) Isthe time-averaged sound pressure level of the background noise measured at the ith
microphone position, in decibels;
Nm is the number of microphone positions.
NOTH Subscript of “ST” denotes tested sound source, including the situation of the exhaugt silencer or

substiitution pipe installed on the engine.

8.2.2
The |

Corrections for background noise

packground noise correction, Ki(st), shall be calculated using Fornla (5), expressed i

—0,1AL
KlGT):-ang(1—1o p@T)]
wherte
AL p(s1) =Lpsy ~Lpssm)
in which
I’ is the mean time-averaged sound pressure level from the array of micro
p(ST) tions over the measurement surface, with the noise source under test in
in decibels;
L (BST) is the mean time-averaged sound pressure level of the background noise
P array of microphone positions over the measurement surface, in decibel
Forlaboratory measurement (engineering method), if AL, (s1) > 15 dB, K1(sT) is assumed to bg

COI'T§
in ad

NOTH
grade

uppe

ction for backgreund noise shall be applied. If 6 dB < ALy(sT) < 15 dB, corrections shall i
cordance with Kotmula (5) and corrections shall be applied, that is 0,1 dB < Kj(st)
T) < 6 dB, thiatis Ky (st) > 1,3 dB, the measurement is not valid.

1 If Ky > 1,3 dB, the measurement results of the sound power level do not satisfy
2, but.the maximum correction to be applied to these measurements may be useful for de
" boundary to the sound power level of the noise source under test.

h decibels

(5)

bhone posi-
operation,

from the

UT

zero and no
e calculated
< 1,3 dB. If

the accuracy
termining an

For site measurement and laboratory measurement (survey method), it ALpst)y > 10 dB, Ki(st) is
assumed to be zero and no correction for background noise shall be applied. If 3 dB < ALp(sT) < 10 dB,
corrections shall be calculated in accordance with Formula (5) and corrections shall be applied, that is

0,5d

NOTE 2

B < Ki(sT)< 3 dB.If ALy(sT) < 3 dB, thatis K1(sT) > 3 dB, the measurement is not valid.

If K1(sT) > 3 dB, the measurement results of the sound power level do not satisfy the ac

curacy grade

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

8.2.3 Corrections for environment

Determine the environmental correction, Kz(sT), according to Annex A.
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For laboratory measurement (engineering method), if Kz(st) < 4 dB, the measurement is valid according
to this International Standard. If K2(sT) > 4 dB, the measurement is not valid.

NOTE1 IfK2(ST) > 4 dB, the measurement results of the sound power level do not satisfy the accuracy grade
2, but the maximum correction to be applied to these measurements may be useful for determining an upper
boundary to the sound power level of the noise source under test.

For site measurement and laboratory measurement (survey method), if K2(st) < 7 dB, the measurement
is valid according to this International Standard. If K2(sTy > 7 dB, the measurement is not valid.

NOTE 2  IfK2(ST) > 7 dB, the measurement results of the sound power level do not satisfy the accuracy grade
3, but the maximum correction to be applied to these measurements may be useful for determining an upper
boundary to the sound power level of the noise source under test.

8.2.4 Calqdulation of surface time-averaged sound pressure levels

The surface| time-averaged sound pressure level, L,gr), shall be calculated by correcting the mean

time-averaged sound pressure level, L;(ST) , for background noise (K1, see 8.2.2) andfor the influerjce of

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

Lpesty=Lpst) —K1s1) —Ko(sm) (6)

8.2.5 C(Caldulation of sound power levels

The sound gower level, Ly, , shall be calculated using Formula~(%), expressed in decibels

Ly sty LpsT) + 101g(S(ST)/SO> (7)
where
Sesm) is the area of the measurement surface, in square metres (S(ST) = 47rr2);

So is equal to 1 m2.

Reduced atmospheric pressure-or.a temperature below 10 °C creates a bias in the sound power |evel.
At altitudes|greater than 500" m-above sea level or temperatures below 10 °C, the sound power l¢vels,
Lwrefatm, cQrresponding to,the reference static pressure 101,325 kPa and reference atmospheric
temperature 23,0 °C shall’be calculated in accordance with Annex D.

8.3 Calculation-efinsertion loss

The calculation,of insertion loss is given in 3.22. If the substitution pipe and the exhaust silencer|have

o s . pa | g L£0 .11 1= +1 . 1 1 1 : s 1 D :
the same positions,dimenstons;,and—sound-fietddistributions;,catcutate-the—insertitontoss; P, using

Formula (8), expressed in decibels

Dy =Lyspy—Lp(Es) (8)

where

is the surface time-averaged sound pressure level of exhaust noise when the substitu-

Lp(SP) . . .. . . .
tion pipe is installed on the engine, in decibels;

is the surface time-averaged sound pressure level of exhaust noise when the exhaust

Lp(es)
silencer is installed on the engine, in decibels.
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Calculation of power loss ratio

The power loss ratio, rp, shall be calculated using the formula given in 3.23.

9 Information to be recorded

9.1

General

The informationlisted in 9.2 to 9.6, when applicable, shall be compiled and recorded for all measurements
made in accordance with this International Standard.

9.2
a) 4

b)
9.3
a) 4

)

q

Description of the tested exhaust silencer and substitution pipe

| description of the tested exhaust silencer (including the type, serial number, dimensi

mass, and manufacturer);

he inner diameter of the outlet of the substitution pipe.

Description of the engine on which the exhaust silencér is installed

i description of the engine on which the exhaust silencer-is.installed (including the

number, declared power, declared speed, displacement, abd'manufacturer);

i description of the operating conditions (including‘the engine power, engine speed,
onsumption, exhaust temperature, and exhaust gds,flow).

Acoustic environment
| description of the test environment;

) ifitisindoors, the description.shall include the nature of the building, the construc
lining of the walls, floor and ceiling, and a sketch showing the location of the noise s
test and any other contents of the room;

) if it is outdoors, the description shall include the nature of the reflecting floor sur
surrounding terrain;with a sketch showing the location of the noise source under

) whether indoors’or outdoors, the description shall also include any wall(s) again
noise sourege\under test stands;

1 description-of the acoustical qualification of the test environment in accordance with|

9.4
a) 4
]
b) 4
c)

| description of the ambient conditions (including the barometric pressure, air temperaf]

bns, volume,

type, serial

specific fuel

tion and any
ource under

face and the
fest;

bt which the

Annex A;

ure, relative

Tumidity, and wind speed).

9.5

Description of instrumentation

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

b) the date, place, and methods used to calibrate the sound calibrator and to verify the calibration of the
instrumentation system and, if used, to calibrate the reference sound source, in accordance with 5.2;

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

9.6

Acoustical data

a) theinner diameter of the exhaust outlet, and the measurement radius;

© ISO
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b) the measurement method and accuracy grade;

c) thetime-averaged sound pressure levels, Ly(sT), in the test environment from the noise source under
test;

d) the correction(s), K1(sT), in decibels, to account for background noise;

e) the correction(s), K2(st), in decibels, to account for the test environment, and the method from
Annex A used to determine it (them);

f) the surface time-averaged sound pressure levels, LP(ST) ,in decibels;

g) the sound power levels, Ly or Lya, in decibels, in frequency bands or A-weighted, as apprepriate,
roundedl to the nearest 0,1 dB;

h) the datg and time when the measurements were performed.

10 Test report

Only those fecorded data (see Clause 9) which are required for the purpose ofthe measurements|shall
be reported. The report provides sound power level (A-weighted or in fréquency bands) of exiaust
noise and/of insertion loss (A-weighted or in frequency bands) of the exhaust silencer and/or engine
power loss ratio. The report shall state that the time-averaged sound‘pressure level (A-weighted |or in
frequency bpnds) and the engine power have been obtained in full conformity with the requirements of
this Internagional Standard (i.e. ISO 15619). The report shall alsq centain any statements required to be
reported by|certain clauses in the main body of this Internationpal' Standard.
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Annex A
(normative)

Qualification procedures for the acoustic environment

General

Envi
to dd
detel
surfd

The
sour
envil
be re

The
of th
appr
Four
time
a sed
A.34

Ffonmental influences shall be evaluated by selecting one of two alternative proeg
termine the magnitude of the environmental correction, K. These procedures-shal
'mine if any undesired environmental influences are present and to qualify aygiven m
ce for an actual noise source under test in accordance with this International Standar

first qualification test (absolute comparison test, see A.2) is carried out with a refe
Ce (RSS) and can be used outdoors and indoors. This is the preferred procedure for qua
onment, particularly if data in frequency bands are required, and‘ifthe noise source uf
moved from the test site.

second qualification test (method based on room absorption, see A.3) requires the de
e equivalent absorption area, A, of the test room and is.based on the assumption that t
bximately a cubic shape, is substantially empty, and thatsound is absorbed at the room
methods are described in which A can be calculated' either from measurements of r¢
(see A.3.2), from measurements of sound pressure levels from the noise source undg
ondary measurement surface (see A.3.3), from measurements on a reference sound
), or estimated from the mean absorption/coefficient (see A.3.5). If the noise sourc

cannot be moved and if its dimensions are large; one of these is the preferred method. The ¢

meth

NOTH
can b

od (A.3.5) is only for the survey method:

bdures used
| be used to
easurement

.

rence sound
ifying a test
1der test can

termination
he room has
boundaries.
verberation
T test using
source (see
b under test
pproximate

Insome industrial buildings whichare oflow heightand have reflecting surfaces, the sound propagation

e distorted. In these conditions, the-second qualification method is not applicable; detailed g

alternative methods may be given in‘noise test codes for specific types of machinery.

A2

A2,

For 1
sour
the s
refer
envil

Absolute comparison test

|l General

joise sourcessunder test where a hemispherical measurement surface is used, a refe

hidelines and

rence sound

e meetifig)the requirements of ISO 6926 shall be mounted in the test environment, in essentially

ame héight of geometric centre as that of the noise source under test. The sound powe
ence sound source shall be determined in accordance with the procedure of Clause 7

I level of the
without the
hent surface

onmental correction, K (i.e. K3 is initially assumed equal to zero). The same measurer]

shall
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mental correction, K3, expressed in decibels, is given by

Ky =Ly —Ly(rss)

where

L*w

(A1)

is the environmentally uncorrected sound power level of the reference sound source

determined in accordance with Clause 7 when using the value 0 for Ky, in decibels;

Lw(rss) is the sound power level of the reference sound source measured in hemi-anechoic

rooms under the meteorological conditions of the test, in decibels.

The height
reference sd
measured i

This method

spectrum of
shall be det

A.2.2 Loc

The height d
source unde

The microphone positions and number shall meet the requiréments of 7.2 and 7.3.

A.3 Dete

A.3.1 Gen

The environ|

S
K, :10lg[1+4ﬂ

where

A st

S st

of the geometric centre, measurement surface, measurement positions, and numb
und source shall be the same as that of the noise source under test for sound, power
hemi-anechoic rooms.

| is applicable to both directly measured A-weighted levels and frequency band levels.
the noise source under test is very different from that of the reference sound sourcs
brmined from frequency band levels.

htions of reference sound source in test environment

f the geometric centre of the reference sound source shall be the same as that of the
r test for laboratory measurement.

rmination of the environmental correction based on room absorptio}

eral

mental correction, K7, shall be.calculated from Formula (A.2), expressed in decibels

he equivalent seund absorption area of the room, in square metres;

he area ©fthe measurement surface, in square metres.

A.3.2 ReyV

er of
level

fthe
, K2A

hoise

=

(A.2)

erberation method

This test method shall be used only in rooms of length and width each less than three times the ceiling height.
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The equivalent sound absorption area, 4, in square metres, of the test room shall be calculated by the
Sabine reverberation time equation. At room temperatures between 15 °C and 30 °C,

A=0,161
T,

where

|4

Tn

n

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

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
reverberation time measured in the frequency band with a mid-band frequency of 1 kHzis rec

This| method is not suitable for use in a laboratory quality hemi-anechoicyroom or
meagurements.

A.3.3 Two-surface method
This|test method shall be used only in rooms where K < 2 dB.

Two $urfaces that surround the noise source shall be selected. The'first surface shall be the m
surfgce, in accordance with Clause 7, for the determination ef.the sound power level. The arg
surfdce shall be designated S1. The second surface with aféa’S; shall be geometrically simila
surfgce and located further away and symmetrical witl’respect to the noise source under t
surfdces, the background noise criteria specified in 4.2 shall be fulfilled.

The microphone locations on the second surfacé:shall correspond to those on the first surfa

(A.3)

use of the
ommended.

for outdoor

easurement
a of the first
r to the first
est. On both

ce. The ratio

(A4)

S2/51 shall not be less than 2 and preferably should be greater than 4. The ratio S/A in Formula (A.2) is
calcylated from:
A MM-1)
§1 1-M(S1/S3)
wherre
M= 10‘“(@‘@)
in which
1 . <«Isthe mean time-averaged sound pressure level on S1 [see Formula (3)], corrected for
Pl background noise but not for the influence of the environment (see 8.2.4), in dgcibels;
I~ ___isthe mean time-averaged sound pressure level an S» [see Formula ()] corredted for
pe background noise but not for the influence of the environment (see é.ZJTAL), in decibels;
S$1 is the area, in square metres, of the first measurement surface;
AY) 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 (A.2),
with the S/A ratio calculated from Formula (A.4).
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