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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

The insertion loss of absorbent silencers is generally not affected by the air flow, provided that the
flow velocity does not exceed approximately 20 m/s in the narrowest cross-section of the silencer. In
practice, non-uniform flow distributions must be considered, therefore the limit velocity of 20 m/s
corresponds to a design velocity of 10 m/s to 15 m/s.
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Acoustics — Measurement of insertion loss of ducted
silencers without flow — Laboratory survey method

1 Scope

This document specifies a laboratory substitution method to determine the insertion loss without flow
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Laboratory measurement procedures for ducted silencers with superimposed flow are
P35[51,

document is applicable to silencers where the design velocity does not exceed 15
od does not include self-generated flow noise, this document is notsuitable for tests
e this type of noise is of great importance for the evaluation of thé-silencer performai
cers, particularly in offices and dwelling, have design velocities<below 15 m/s, this dd
be a cost-efficient alternative to 1ISO 7235[51,
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different results. In this document, the sound field iS’dominated by plane wave mode
f regular test ducts, the results can include some flanking transmission via structurg
b duct walls that sets an upper limit to the insertion loss that can be determined.

document is intended to be used for circular$ilencers with diameters of 80 mm to 2 0(
ngular silencers with cross-sectional ageas within the same range.

Normative references

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest-edition of the referenced document (including any amendme

741, Acoustics — Determination of sound power levels and sound energy levels of noise
] pressure — Precision methods for reverberation test rooms

0942, Electraacoustics — Sound calibrators
1183, Electroacoustics — Random-incidence and diffuse-field calibration of sound level m

1260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Sp
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IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 61672-3, Electroacoustics — Sound level meters — Part 3: Periodic tests

3 Terms and definitions

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

I

|

© ISO

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

EC Electropedia: available at http://www.electropedia.org/

2020 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=6750e0427d07e483eaccf19bba7f3b28

ISO 11691

3.1

:2020(E)

insertion loss

D

reduction in level of sound power propagating through a duct due to the insertion of a silencer into the

duct system

in place of a substitution duct (3.3)

Note 1 to entry: Insertion loss is expressed in decibels.

3.2
test duct

straight standard ducts (3.5) of constant cross-section in front of and behind the silencer under test

Note 1 to enfry: The purpose of the test ducts is to separate the test object from the sound source @n

reverberatio

3.3

substitutio
standard du
the test obje

3.4

transition ¢
element wh
the test duc

3.5

standard d
sheet metal
together wit

Note 1 to ent
to 1,25 mm fi

4 Test f4

4.1 Gene
The test faci
the soul
the souj
the tran

the test

!

room.

h duct
rt (3.5) element having, if possible, the same length and same connecting\cross-sectio
ct

tlement
ch fits and connects the duct of the sound source to the test{duct (3.2) and, in some d
[ to the silencer

ict
duct commercially available directly from stock-and normally used in practical applica
h the silencer under test

Fy: Normal wall thicknesses for standard ducts‘lie in the range from 0,4 mm for small circular
r large circular ducts. A common thicknes$s for rectangular ducts is 0,9 mm.

cility and arrangement
ral
lity shall consist of thelequipment shown in Figure 1 and shall contain the following:

1d measuring equipment (see 4.2);

1d source egliipment (see 4.3);
sition-element (see 4.4);

ducts (see 4.5);

d the

ns as

dS€Es,

kions

ducts

the substitution duct (see 4.5);

the measurement environment appropriate to the standard used to determine the sound power

level. (If ISO 3741 is used to determine the sound power level, a reverberation room is used, see 4.6.
This is the preferred method.)
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Dimensi

3\\ 4\\ 5\.

\/

ons in metres

1 3,5 3,5
V
6
oudspeaker 5 test duct
ransition element 6 transition element (if any)
est duct 7 reverberatiopreom

ubstitution duct/test object

:| modal filter

Figure 1 — Test setup

Sound measuring equipment

nstrumentation system, including the microphone and cable, shall meet the requirg
1 instrument according to IEC 61672-1. Filters shall meet the requirements for a class 1
rding to IEC 61260-1.

e and after each series of measurenients, a class 1 sound calibrator complying with [EQ
ximum permitted error of +0,3 dB'shall be applied to the microphone for verifying thg
e entire measuring system at.ohe or more frequencies within the frequency range of i

brmance of the sound.-pressure level measuring instrument, including the micr
s and the sound calibrater, with the relevant requirements shall be verified by the €3
certificate of confermance for the measurement parameters and the environmenta
fied in the test miethod. For conformance with IEC 61672-1, conformance testing in
IEC 61672-3 isTequired for all parameters required for the application for everything
hanufacturet/s-Specifications can be used in place of the instruction manual. State th
1672-1 cenformance is not available. If applicable, random incidence response of the
be verified by a procedure from IEC 61183.

nformance testing shall be conducted by alaboratory operated in accordance with ISO

and t

ments for a
instrument

60942 with
b calibration
terest.

bphone, the
Kistence of a
1 conditions
accordance
except that
is when full
microphone

[EC 17025(8]

hatmeets the maximum pprmiﬂ'Pd uncertainty defined in IEC 61672-1

The sound calibrator should be calibrated at intervals not exceeding 1 year, the conformance of
the reference sound source with the requirements of ISO 69264l should be verified at intervals
not exceeding 2 years, the conformance of the instrumentation system with the requirements of
IEC 61672-1 should be verified at intervals not exceeding 2 years, and the conformance of the filters
with the requirements of [EC 61260-1 should be verified at intervals not exceeding 2 years or whenever

the a

NOTE

lgorithms associated with the filters are changed.

IEC 61672-2[].
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4.3 Sound source equipment

4.3.1 General

The sound-source equipment is used to excite a sound field with dominating plane-wave mode in front
of the test object, and shall comprise

— amodal

electronic equipment and a loudspeaker unit (see 4.3.2),

filter (see 4.3.3), and

nnnnnn idcnaslrar o o

a transi#

Resonancesli

4.3.2 Eleq

Arandom-n
duct (see Fig
structure-b
rim, and th{
shown in Fi

at the end of a 1,0 m long circular duct with a diameter of 0,4 m. The‘back of the loudspeaker shg

enclosed in
with a trans

4.3.3

In principle,
mode and fq
the modal fi
purpose, the
in the 80 Hz

NOTE F(
guidance for

Modal filter

ala nithat +thaoln n nditha
IoR-eremeRtpetweentne Auuuoypux\pl aRttRe-tesSt

tronic equipment, loudspeaker unit and transition element

bise generator and an amplifier shall drive one loudspeaker in an acoustically sealed cir
ure 2). Care shall be taken to ensure that the loudspeaker unit does fiot transmit unwg
brne sound to the connected duct, e.g. by using a viscoelastic ring around the speaker f
it the transmission of airborne sound through the walls of thetbox is sufficiently loy
bure 2, the loudspeaker unit shall consist of a 0,3 m (12 in)doudspeaker element moy
h sealed cabinet filled with mineral wool. The loudspeaker unit is coupled to the test
ition element.

the modal filter is an extra silencer. It provides for a small attenuation of the fundam
r a substantial attenuation of higher order modes of axial sound propagation. In add
ter is employed to decouple the sound Seurce from the test object/substitution duct. Fo
modal filter shall provide a minimum;insertion loss of 3 dB in the 50 Hz and 63 Hz and of

r example, a short silencer similar to the test object can often be used as a modal filter. More de
modal filters is found in ISO(7235(3].

1

/

400

to 10 000 Hz mid-band frequencies of the one-third-octave bands in the connected ductg.

Dimensions in millim
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nted
rame
v. As
nted
1l be
duct

ental
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- this
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1000

loudspeaker [30 cm (12”)]

Figure 2 — Sound source
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4.4 Transition element

The transition element which connects the source to the test duct shall have an abrupt change in area,
that is a flare angle of approximately 180°. There is no limit on the ratio of the cross-sectional areas of
the sound source duct and the test duct.

4.5 Test ducts and substitution duct

There shall be 3,5 m of duct and duct plus modal filter respectively on each side of the silencer. On the
source side of the test object, the modal filter shall be considered to be part of the test duct. The same
test ducts shall be used both with the silencer and the substitution duct.

Whehever insertion loss values higher than the limiting insertion loss as defined in 1S0”7235[>] with
stanglard ducts are to be measured, it is necessary to reduce the structure-borneyand the parasitic
airbgrne noise. Possible ways are to mount elastic gaskets before and after the silencer} to line the
external duct walls with materials having high internal losses, such as sandwjich)structurs, or to use
heavijer duct walls.

4.6 | Reverberation room

The feverberation room shall comply with the requirements of ISO 3741.

4.7 | Other measurement environments

Althgugh areverberation room is the preferred measurement environment for the method i) accordance
with|this document, other environments complying with the following documents are alloyed:

— free field over one or more reflecting planes iraccordance with 1SO 3744[2];
— lhard-walled room in accordance with 1S0,3743-1[1];

dny environment complying with 1SQ,9614-2[¢l,

5 Test procedure

The measurements shall be €arried out in one-third-octave bands in the frequency range fijom 50 Hz to
10 000 Hz. If the measurément environment is not qualified for the whole frequency rangg, the results
may Istill be reported asdong as frequencies outside the range of qualification are clearly [indicated in
the tgst report.

The |nsertion less; D, shall be determined from spatially averaged sound pressure levels|L,; and L,
which are détermined from measurements of local sound pressure levels in two series|at identical
points or paths in the reverberation room.

The ¢ritted sound signal shall be the same with respect to the sound power spectrum for the two tests.
This Is assumed to be fulfilled if the voltage across the loudspeaker is Kept constant. The measurements
and the averaging shall be in accordance with ISO 3741.

If test environments other than a reverberation room are used, average the results according to the
instructions given in the standard used. The measurement surface or microphone positions shall then
be as for the corresponding sound power determination for the opening of the transmission element.

In the first test series, L,; shall be determined with the test object substituted by the substitution duct.

In the second test series, L,, shall be determined with the test object being mounted between the
test ducts.

© IS0 2020 - All rights reserved 5
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The insertion loss, D, shall be determined from Formula (1):

D=Ly -L

p2

€y

If the sound absorption of the reverberation room changes between the tests, corrections shall be made
in accordance with ISO 3741.

If the insertion loss is reported in octave bands, the octave-band values shall be calculated from the
one-third-octave-band values, assuming the sound pressure levels of each one-third-octave band
within the octave band are equal for measurements with the substitution duct. Thus, the insertion loss

of an octave

D =

oct

where D, [
within the g

6 Measu

Due to lack

according t
precision of]
method. Ho
method will
to or better

Unless mor
probability
deviation off

band is given by Formula (2):

Dy D, Dy
1 - — & —_
|01g § 10 10 +10 10 +10 10 |(dB

, and D5 are the numerical values of the insertion losses of the one-third-octave b
ctave.

rement uncertainty

(2)

ands

bf knowledge, the determination of the uncertainty of resudts‘obtained from measurenents

p this document does not comply with ISO/IEC Guide<98-3[Zl. Exact information o1
the method cannot be given at this time. Therefore, this document is defined as a sy
wever, due to a simpler and more narrowly defined test setup, it is estimated thaf
have a standard deviation of reproducibility, og;@s“defined in ISO 5725-2[3] which is ¢
than that of ISO 7235[3] (see Table 1).

Table 1 — Estimated values of the standard deviation of reproducibility

Mid-band frequencies Standard deviation
of the one-third-octave band of reproducibility, o,
Hz of the insertion loss
dB
50 to 100 1,5
125 to-500 1
630 tey1"250 2
1,600to 10 000 3

e knowledgelis available, the expanded measurement uncertainty for a stated covq
of 95 % dccording to ISO/IEC Guide 98-3[Z] shall be given as two times the stan
reproducibility in a test report, if requested.

 the
rvey

this
bqual

brage
dard

7 Infor

atiomto berecorded

7.1 General

The following information, when applicable, shall be compiled and recorded for all measurements made
in accordance with the requirements of this document.

7.2 Description of the silencer under test

a) Type of

silencer and its application;

b) dimensions of the inlet and outlet cross-sectional areas;

c) overall dimensions and weight of silencer;

6
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