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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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriameé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documend may be the
ent rights. ISO shall not be held responsible for identifying any or all suichpatent rightg
patent rights identified during the development of the document will.be’in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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5 document was prepared by Technical .Committee ISO/TC 70, Internal combustion

270, Internal combustion engines, in *decordance with the Agreement on technical ¢
veen [SO and CEN (Vienna Agreement).

5 second edition cancels and replaees the first edition (ISO 8528-10:1998), which has been
sed.

main changes are as follows:
the normative references have been updated;

the latest requirements of ISO 3744:2010 and ISO 3746:2010 have been included,
[SO 12001:1996 requirements;

the measurement surfaces have been updated;

thé.definition of the reference box in special cases has been added;
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engines, in

hboration with the European Committeesfor Standardization (CEN) Technical Commjittee CEN/
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respecting

the guaranteed sound power level has been added;
requirements concerning variable speed engine gensets, fans and lighting towers have b

the requirements for welding generators have been updated;

een added;

the determination of the emission sound pressure level at workstation has been updated.

Alist of all parts in the ISO 8528 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document specifies noise test codes for determining the basic noise emission descriptors.

For many manufacturers of generating sets, the control of noise is a major issue that requires
effective exchange of acoustical information, in particular on noise emission. The basic noise emission
descriptors are the sound power level of the generating set itself and the emission sound pressure level
at the workstation.

In this context, the main flow of information goes from the manufacturer to the purchaser. However,

installers 4
sets' ability

Thus, mea
determine

Therefore,

NI USers of The generating Sets also desiTe comprenensive IMformation about the genera
 to generate airborne sound.

suring the basic noise emission descriptors allows the generating set manufaeturef

declare and verify the noise emission values.

the sound power level, as the major parameter to characterize machines as sound sour

is determi

ed by measurements. The sound power level is a major parameter because it represent

ing

to

ces,
5 AN

intrinsic chharacteristic of generating sets as noise sources. It is useful, for example, in noise-abatenjent

programmegs or when designing a building where the generating set is intended to be used.

The emission sound pressure level at the workstation is also measured. This enables an assessmer
the risk of pxposure to the airborne sound of the operators. This asseSsment is essential for health
safety reagons.

t of
and

In this doqument, the generating sets are considered as steady;noise sources as per ISO 12001:1
The generdting sets concerned and the extent to which noiseis covered are indicated in this docu
This docurhent allows measurements to be made in many different test environments. Clause 5 cap be

used as a general guideline to assist in the selection ofithe right noise test code. The selection ma
depends on the test environment and the desired grade of accuracy.

This docu
Clause 12,
In Clause 1
useful for ¢

This document is a C-type standard’/as stated in ISO 12001:1996. When provisions of this C-t

standard 3
take prece

ent contains two methodologies for determining the measurement uncertainty|
the uncertainty U is determined.bjconsidering measurements on a single generating

ontrol of production purpose,

re different from those stated in A or B standards, the provisions of this C-type stand
Hence.
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3, the uncertainty K is determihed by considering a batch of generating sets, which canp be
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Reciprocating internal combustion engine driven
alternating current generating sets —

Part 10:
Measurement of airborne noise

1

Thi
pre
gen

Thi
driy
wit
on 4

NOTI

reqliirements can be necessary. The provisions of this documentcan be regarded as a basis.
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Scope

5 document specifies noise test codes for determining the sound power level and‘the emis
ksure level at the workstation of reciprocating internal combustion enginecdriven electt
prating sets.

5 document applies to constant and variable-speed reciprocating intenal combustion (F
ren alternating current (AC) and direct current (DC) generating setsfor fixed and mobile a
n rigid or flexible mountings. It is applicable for land and marineiuse, excluding generati
ircraft or to propel land vehicles and locomotives.

E1 For some specific applications (e.g. essential hospitalsupplies, high-rise buildings) sup

E2  This document is referenced with regard to noise in ISO 8528-13:2016, which contains rg
erning the design of generating sets, verification *6f noise levels and information related to
Fating and maintenance instructions.

Normative references

following documents are referréed to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

3046-1:2002, Reciprocating internal combustion engines — Performance — Part 1: Dec
er, fuel and lubricating)oil consumptions, and test methods — Additional requirements for
eral use

3744:2010, Aceustics — Determination of sound power levels and sound energy levels of n
g sound pressure — Engineering methods for an essentially free field over a reflecting plane

3746:2010, Acoustics — Determination of sound power levels and sound energy levels of n
g saund pressure — Survey method using an enveloping measurement surface over a reflect

ISO

sion sound
ical power

1C) engine
plications
sets used

plementary

quirements
hoise in the

Pir content
pplies. For
[s) applies.

arations of
engines for

ise sources

ise sources
ing plane

QEI20Q 1.9N0N1Q Docimyncating intarpnal copalhyictingy anaing deivon altaypadin g cyppont oonayoy
OO0 ZUT

Oy I CCTpT OCtTiigricCT ittt COToUotIoTT CTiginC—ar tv et arcCTitactng - cur 1 che GericTa

Part 1: Application, ratings and performance

ting sets —

[SO 8528-2:2018, Reciprocating internal combustion engine driven alternating current generating sets —
Part 2: Engines

[SO 15619:2013, 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

IEC
IEC

60942:2017, Electroacoustics - Sound calibrators

60974-1:2021, Arc welding equipment - Part 1: Welding power sources

IEC 61260-1:2014, Electroacoustics - Octave-band and fractional-octave-band filters - Part 1: Specifications
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IEC 61672-1:2013, Electroacoustics — Sound level meters - Part 1: specifications

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 3046-1:2002, ISO 8528-1:2018

and ISO 85

28-2:2018 and the following apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

IEC El¢

3.1
emission
<acoustics

3.2
emission §

Pe
sound pres

in operation under specified operating and mounting conditions on a reflecting plane surface, exclug

the effects

Note 1 to enftry: Emission sound pressure is expressed in pascals.

3.3
emission §
L]De _
ten times t

the square

pe =1

where the

3.4
time-aver
Lpe,T .

ten times {
sound pres
square of 4

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

> airborne sound radiated by the generating set under test

ound pressure
sure, at a workstation or another specified position near a noise source, when the sourg

of background noise

ound pressure level

he logarithm to the base 10 of the ratio of thé square of the emission sound pressure, p

of a reference value, p,, expressed in degibels by Formula (1):
2
0197
Po

reference value, p, is 20 pPa

hged emission sound-pressure level

he logarithm €0)the base 10 of the ratio of the time average of the square of the emis

L

eis
ling

L, to

M

bion
the

(2)

pe, T

sure, p,, duhifig a stated time interval of duration, T (starting at t; and ending at t,), to
refereneeyalue, p,, expressed in decibels by Formula (2):
1 t2 2
Gl o]
10y 1 -
Po

o]

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 necessarily

determined

over a certain measurement time interval.

Note 2 to entry: L’peA denotes the A-weighted emission sound pressure level.

© IS0 2022 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=6dc25c9f78c9450bd74a6a5e6b094d2b

3.5

ISO 8528-10:2022(E)

workstation
operator's position
position in the vicinity of the generating set under test which is intended for the operator

Note 1 to entry: This position is defined as the location in the vicinity of the device(s) mounted to the generating
set for work tasks.

Note 2 to entry: Such devices can be a control panel, an emergency stop button or the most likely device on the
equipment that an operator would interact with.

work task

ement sur-

NOt - 3 tU Clltl _y . A scucl at;us DCt cdall hClVC ITITUTTC thall UIICT VWUI }\Dtat;l}ll.

3.6

opdrator

indfvidual whose workstation is in the vicinity of a machine and who is performing a

y p g

ass¢ciated with that machine

4 |Symbols

cosp power factor

d measurement distance, in metres

Dl*i apparent directivity index, in decibels

i subscript denoting a particular measuringgpoint

K expanded measurement uncertainty of the sound power level, or of the emission sound pressure
level at the workstation, for a batch-of'generating sets, in decibels

Kia A-weighted background noisegorrection, in decibels

LON A-weighted environmental ¢orrection, in decibels

L, sound pressure leveliin decibels

g surface time-ayeraged sound pressure level, in decibels

Lpe emission sotutd pressure level, in decibels

Loeh A-weightéd emission sound pressure level, in decibels

Loelr time-averaged emission sound pressure level, in decibels

Loilr time-averaged sound pressure level, for the ith microphone position on the measur
face, in decibels

Lyt time-averaged sound pressure level, in decibels

Ly sound power level, in decibels

Lyya A-weighted sound power level, in decibels

AL, difference between the time-averaged sound pressure level of the background noise measured
and averaged over the microphone positions, and corresponding time-averaged sound pressure
level of the noise source under test when measured in the presence of this background noise,
in decibels

p sound pressure, in pascals

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=6dc25c9f78c9450bd74a6a5e6b094d2b

ISO 8528-10:2022(E)

r measurement radius, in metres
S measurement surface, in square metres
T measurement time interval, in seconds
U expanded measurement uncertainty of the sound power level, or of the emission sound pressure
level at the workstation, for a single generating set, in decibels
VI* apparent surface sound pressure level non-uniformity index, in decibels
5 Selection of the most appropriate method
5.1 General
Table 1 provides a detailed overview of the technical characteristics of the measurements methods in
this docunjent. Table 1 describes noise test codes with two levels of accuracy (grades 2 and 3). It|can
help in the(selection of the appropriate noise test code.
Table 1 — Technical characteristics of this docament
Measurement methods
Sound power level meas- | Sound power.level meas- El::;:ls :;ngodﬂl:;te:tsﬁ.;e
Parajeters urement ISO 8528-10 urementISO 8528-10
measurement ISO 8528-10
grade 2 grade 3
grade 2
Basic stanfards refer-

ISO 3744:2010

[SO 3746:2010

[SO 11201:2010

erjced
Accpiracy Grade 2 engineering Grade 3 survey Grade 2 engineering
Test enyironment Indoor or outdoor Indoor or outdoor Indoor or outdoor

Type of ejvironment

Dedicated to tests

In situ

Dedicated to tests

Hemi-anechoiérooms,

Hemi-anechoic rooms

Obtainable quantities

Frequency bands (octave)

Characteriptics of envi- large rooms Not especially designed for large rooms
ronment or unobstructed outdoor acoustic tests or unobstructed outdo¢r
area area
g Essentially free field over a Unspec1f1§d field Wlt.h Essentially free field ovdr a
Acousttic field . one or multiple reflecting .
reflecting plane reflecting plane
plane(s)
Generating set volume Unlimited Unlimited Unlimited
. Noise declaration Noise declaration
Applications ags per . : . . . . .
i engineering study for noise Comparative tests engineering study for ndise
ISO 12001:4996 : .
reduction reduction
A \A4 \/;shtbd DUulld l.IU AAAZ Y A \A4 L;shtbd D\.lulld HL COoOo .lre
level level

A-weighted sound power

Frequency bands (octave)

sound power level level sound pressure level
Frequency bands (one-third Frequency bands (one-third
octave) sound power level octave) sound pressure level
Criterion for back- AL,26dB AL,23dB AL,26dB
ground noise K;,<13dB K;,<3dB K;p<1,3dB

a2 For indoor measurements only.

b Specific studies carried out on generating sets can lead to lower values.
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Table 1 (continued)
Measurement methods
Sound power level meas- | Sound power level meas- Elr;;:ls :;r;lfgm%ggf:tsil;;e
Parameters urement ISO 8528-10 urement ISO 8528-10
measurement ISO 8528-10
grade 2 grade 3
grade 2
Criterion for acoustic
adequacy of test envi- K,p<4dB K,,<7dB Kyp<4dB?
ronment
lastrmentation Class+ Class2 Class
Typical upper bound
va geslof the standard 15 dB 4 dB )
deyiation of reproduc-
ibilityb

For indoor measurements only.

Specific studies carried out on generating sets can lead to lower values.

5.2 Sound power level measurements accuracy grades

5.2{1 General

For[sound power level measurements:

— |Grade 2 provides more accurate results than grade 3*but involves greater measurementlefforts.

— |The grade 2 method is based on ISO 3744:20104The requirements listed in Annex A shall He followed.

— | Terms and definitions of ISO 3744:2010 applicable to generating sets are indicated in Taple A.1.

— |The grade 3 method is based on [SO 3746:2010. The requirements listed in Annex B shall He followed.

— |Terms and definitions of ISO 3746:2010 applicable to generating sets are indicated in Taple B.1.

— |In this document, when the decuracy grade is not specified the requirements apply for grade 2 and
grade 3. The grade 3 methdod has many requirements in common with the grade 2 methgd.

5.22 Engineering grade (grade 2)

In this accuracy,grade, the acoustic environment is analysed to determine its effectf upon the

megsurements.<’h& environmental correction K,, shall be less than or equal to 4 dB. The Hackground

noige level is-analysed too. Background noise correction K; 4 shall be less than or equal to 1,3 dB. The

megsuring points are selected according to the characteristics of the generating set. The engineering

method is-the preferred method for noise declaration purposes. This method usually provides

infqrmation that is sufficient for taking engineering action in many situations, for example, in

conﬂeet-len-mqt-hqaebs&a-ba-eemen-&pmg-ra-mmes—l' i i :

5.2.3 Survey grade (grade 3)

This accuracy grade needs less time and equipment than grade 2. It may be used for comparison between
generating sets with similar characteristics. The measurements are made in situ with little effort
expended to control the acoustic environment in which the generating set operates. The environmental
correction K,, shall be less than or equal to 7 dB. The background noise correction K;, shall be less
than or equal to 3 dB. The survey method is generally of limited value if corrective measures to reduce
the noise are to be evaluated.

NOTE True comparisons can only be made between generating sets when the measurements are classified
in the same accuracy grade.

© IS0 2022 - All rights reserved
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6 Measuring equipment

6.1 General

[SO 3744:2010, 5.1 and ISO 3746:2010, 5.1 are replaced by subclause A.2.1.

6.2 Calibration

[SO 3744:2010, 5.2 and ISO 3746:2010, 5.2 are replaced by subclause A.2.2.

7 Meas

7.1 Gen
For accura

For accura

7.2 Veri

For accura

Whers
correc

with Al

In man
condit
not be
of the
of speq
ISO 96

For accura

7.3 Critq
For accura
For accura

In both cag

uring environment

bral
cy grade 2, [SO 3744:2010, 1.3, and 4.1 apply.
cy grade 3, [SO 3746:2010, 1.3, and 4.1 apply.

fication of acoustic adequacy of test environment

it is decided to make measurements in frequency bands, the relevant environme
tion K, shall be determined in each band over the fbequency range of interest in accordg
6.

y cases, due to the reality of the acoustic properties of the measuring area and the test bg
ons (this occurs predominantly with larger generating sets), sound power level grade 2 m

fustomer or the accepting company©r authority, the accuracy may be improved with the
ial measuring methods (e.g. soufidiintensity method in accordance with ISO 9614-1:1993
14-2:1996, see Annex C).

Cy grade 3, the test environment shall meet the requirements of ISO 3746:2010, 8.1 and 4]

eria for background noise
Cy grade 2, the(background noise shall meet the requirements of ISO 3744:2010, 4.2.
Cy grade 3, the background noise shall meet the requirements of ISO 3746:2010, 4.2.

es, the following additional considerations shall be taken into account:

cy grade 2, the test environment shall meet the requirenients of I1ISO 3744:2010, 4.3.
addition, the following considerations shall be taken into account:

In

htal
nce

nch
ght

obtainable using the method describedini this document. In special cases with the agreenfent

use
and

3.

Noise §

rénerated by air movement at the microphone itself is classified as background noise.

manufacturer's specifications shall be used.

8

When measurements are done outside, the maximum speed of the wind shall not exceed 6 m/s.

Definition of noise source and operating conditions of the generating set

8.1 Definition of noise source under test

For measuring out of doors, a microphone wind cover in accordance with the microphone

The noise of a generating set is defined as the total noise emitted by that generating set. This includes
the surface noise of the engine and the AC or DC alternator, the air intake and discharge noise, exhaust
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noise (including the genset muffler, rain cap and tail pipe exhaust outlet), the noise emitted from the
cooling system of the power generator set, the radiator and other fans of the power generator, and the
noise which is emitted, for example, from the joining sections and the base frame, chassis and fuel tank.

In the case of totally or partially encapsulated generating sets, the surface noise is the noise emitted
from the enclosure.

If, as in special cases, one of the above-mentioned noise emissions is not in the measurement results,
then this shall be recorded in the measuring report. Such special cases include:

in situ: when the exhaust and cooling systems are ducted to a remote site.

8.2
For
For
For
For

In a

8.3

For
sha

For
sha

For
mag

For
ma

In alddition;the following considerations shall be taken into account:

in a test room: when the exhaust of the generating set is ducted out of the test room,

Location, installation of the generating set
accuracy grade 2, the generalities in ISO 3744:2010, 6.1 apply.
accuracy grade 3, the generalities in ISO 3746:2010, 6.1 apply.
accuracy grade 2, ISO 3744:2010, 6.3, concerning noise source location, shall apply.
accuracy grade 3, 1SO 3746:2010, 6.3, concerning noise sourge location, shall apply.
ddition, the following considerations shall be taken intoaccount:
The generating set shall be prepared in accordance with the instructions given by the ma

If simulated loading conditions are used, they shall be chosen such that the sound pow
the source under test are representative of netmal use.

Mounting of the generating set

accuracy grade 2, ISO 3744:2010,.64:1, concerning generalities about mounting of the nd
1 apply.

accuracy grade 3, ISO 3746:2010, 6.4.1, concerning generalities about mounting of the ng
1 apply.

accuracy grade 2, IS0°3744:2010, 6.4.3, concerning base-mounted, wall-mounted ar
hinery and equipnient, shall apply.

accuracy grade’ 3, ISO 3746:2010, 6.4.3, concerning base-mounted, wall-mounted ar
hinery and-equipment, shall apply.

For accuracy grade 2, the generating set shall be installed on a typical noise-reflecting grj

hufacturer.

er levels of

ise source,

ise source,

d tabletop

d tabletop

pund plane

8.4
ISO

£ - h T P PR R | £ £ 11 . —D FRSR |
U LULILTELE U TTUIT"PUTOUS dSPIIAIL, TIT A1 ©SSCTIILIAITY 1T TTTIICIU TIIVIT ULITITIHL. RCITT LU UT

environment definition from ISO 3744:2010.

free-field

Foraccuracygrade 2and grade 3, the generating set shall be installed according to the manufacturer’s
recommendation, representative of a typical operational installation. This shall consider the
location of any discrete items (e.g. cooling, aftertreatment, exhaust) and mounting (e.g. trailer with

stabilizing jacks, skid).

Operation of the generating set during test

3744:2010, 6.6 and ISO 3746:2010, 6.5 are replaced by subclause A.3.
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9 Reference box and measurement surface

9.1 Reference box

ISO 3744:2

010, 7.1 and ISO 3746:2010, 7.1 are replaced by subclause A.4.

9.2 Determination of the reference box in special cases

9.2.1 Elevated generating set on a trailer or trolley kit

In cases w
the referen

Key
generaf
trailer

referen|

o O w >

ground

9.2.2 Ge

In cases wj
reference |
between th

Casel: 1
t

nere the generating set is elevated (e.g. on a trailer or a trolley kit) in normal customer
ce box shall be delineated as per 9.1. An example is given in Figure 1.

r e B A

B
| 7 //A)_:I
| | oz
T— -

I

| D

! ~
ing set
ce box
(reflecting plane)

Figure 1 — Example of-a\reference box for a generating set on a trailer

nerating set with extended exhaust device

here the generating set is installed outdoors, with a vertical extended exhaust device,
ox shall be delineated depending on the value of m in the following cases. m is the dist3
e exhaust.outlet of the generating set and the uppermost noise-emitting devices’ top surf

m > Z’metres then a reduced reference box shall be used, including the uppermost noise e

L1se,

the
nce
hce.

mit-

ng-devices’ top surface, but excluding the exhaust outlet. An example is given in Figure 2

a).

Case2: If 1 metre < m < 2 metres, then the exhaust outlet shall be temporarily extended to have
m > 2 metres. Then a reduced reference box shall be used, including the uppermost noise emit-
ting devices’ top surface, but excluding the exhaust outlet. An example is given in Figure 2 a).

This extension is for measurement purposes only.

Case 3: Ifm<1metrethenregular reference box shall be used, including the exhaust outlet. An example
is given in Figure 2 b).

With respect to cases 1 and 2, two components of sound power level (Ly,) shall be determined. The
first component, Ly, shall be determined by taking into consideration the reduced reference box,
where sound power level emitted by the genset excluding the exhaust system is determined. The second

© IS0 2022 - All rights reserved
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component, Ly, is the sound power level of the exhaust outlet. Ly, , shall be determined by using the
ISO 15619:2013 accuracy grade 2 method. Then Formula (3) shall be used.

Lyyp =10 1g|:(10(LWA1/10))+ (10(LWA2/10) )} (3)

In cases where the generating set is installed outdoors, with a remote exhaust device on the side, the
same requirements as detailed above shall apply.

E

B - G AN ] |
. < === Qﬂt s

T D P

A
A

a) b)
Key
A |generating set E %eference box
B |cooling system E~¥ground (reflecting plane)
C |airintake G reduced reference box
D |vertical extended exhaust device

Figure 2 — Example of reference boxes for generating sets with a vertical extended jexhaust
device

9.213 Generating set with@auxiliary equipment

In dases with auxiliary equipment that is necessary for the operation of the generating set Hut not part
of if (e.g. load banks), [S63744:2010, 6.2 or I1SO 3746:2010, 6.2 shall apply.

In cses where thére are auxiliary equipment that are necessary for the operation of the gerjerating set
that are parts of\{t; ISO 3744:2010, 6.2, or ISO 3746:2010, 6.2 shall apply.

9.3 Measurement surface

931 General

IS0 3744:2010, 7.2.1 and ISO 3746:2010, 7.2.1 are replaced by subclause A.5.1.

9.3.2 Microphone orientation

For accuracy grade 2, ISO 3744:2010, 7.2.2 shall apply.

For accuracy grade 3, 1SO 3746:2010, 7.2.2 shall apply.

In addition, the following considerations shall be taken into account:

— In an effort to reduce the influence on measured results due to people involved in the measuring
process, the microphone shall preferably be mounted statically.

©1S0 2022 - All rights reserved 9
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— The measuring personnel shall remain at least 1,5 m from the microphone.

9.3.3 Hemispherical measurement surface

ISO 3744:2010, 7.2.3, 8.1.1, Annex B and Annex F and ISO 3746:2010, 7.2.3, 8.2.1, Annex B are replaced
by subclause A.5.2.

For accuracy grade 2, ISO 3744:2010, 8.4, concerning apparent directivity index and concentrated

microphon

e positions, can be used as an opportunity to reduce the measured sound power level.

9.3.4 Pa

ISO 3744:2
subclause 4

For accur
micropho

9.3.5 Re

For accura

10 Meas

For accura
generating

For accural
generating

In addition)

The m
bands

The dg
replac

Binad-aaa and -ciif
anCreprpctamcecasaremencsariatt

010, 7.2.4, 8.1.2 and Annex C and ISO 3746:2010, 7.2.4, 8.2.2 and Annex C are replaeed
\.5.3.

cy grade 2, ISO 3744:2010, 8.4, concerning apparent directivity index and concentrs:
positions, can be used as an opportunity to reduce the measured sound power level.

duction in the number of microphone positions

Cy grade 3 only, [SO 3746:2010, 8.2.3 is replaced by subclause B.2.

urement of sound pressure levels

cy grade 2, ISO 3744:2010, 8.2.1, concerning measutement of sound pressure levels off
set and of the background noise, applies.

cy grade 3, ISO 3746:2010, 8.3.1, concerningimeasurement of sound pressure levels off
set and of the background noise, applies.

the following considerations shall be taken into account for accuracy grades 2 and 3:

basurement time interval should-be 20 s or longer but shall be at least 15 s for all freque
or for A-weighting.

finition of the frequency(range of interest, in ISO 3744:2010, 3.9 and ISO 3746:2010, 3.
ed by subclause A.6.

11 Deterymination of the A-weighted sound power level

11.1 Calc
For accura

For accura

ulation of mean-time-averaged sound pressure levels

Cy grade 2, [SO 3744:2010, 8.2.2.1 shall apply.

[ by

ted

the

the

ncy

/, is

cy-grade 3, SO 3746:2010, 8.3.2 shall apply.

11.2 Corrections for background noise

For accuracy grade 2, ISO 3744:2010, 8.2.3 shall apply.

For accuracy grade 3, 1SO 3746:2010, 8.3.3 shall apply.

11.3 Calculation of the surface time-averaged sound pressure levels

For accuracy grade 2, ISO 3744:2010, 8.2.4 shall apply.

For accuracy grade 3, ISO 3746:2010, 8.3.4 shall apply.

10
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11.4 Calculation of sound power levels
For accuracy grade 2, ISO 3744:2010, 8.2.5 and Annex G shall apply.
For accuracy grade 3, ISO 3746:2010, 8.3.5 shall apply.

11.5 Calculation of apparent surface sound pressure level non-uniformity index

For accuracy grade 2, 1SO 3744:2010, 8.5 shall apply.

11 A - e | P | 1 1
u| rx vvcnsutcu SUUIIU PUWTIT ITVTI

Forlaccuracy grade 2, ISO 3744:2010, 8.6 and Annex E are replaced by subclause A.7.

12|Measurement uncertainty

Forfaccuracy grade 2:

— |ISO 3744:2010, Clause 9 is replaced by subclause A.8.
— |ISO 3744:2010, 1.4 and Annex H apply.

For|accuracy grade 3:

— |ISO 3746:2010, Clause 9 is replaced by subclause A.8.
— |ISO 3746:2010, 1.4 and Annex D apply.

13|Guaranteed sound power level

13.1 General

Thif clause makes it possible to‘determine the guaranteed sound power level, whidh includes
megsurement uncertainty, by cansidering measurements on several generating sets. The guaranteed
soupd power level can be usédin a control of production process as it includes (among pthers) the
stapdard deviation of production. The purpose of determining the guaranteed sound power level is to
conjpare it with a limit value.

The guaranteed soundpower level, Lyy,q, in decibels, is given by Formula (4):

Lyad = Lwa + K (4)

whegre

isthe arithmeticmean of sound power levels in decibels which are measured on Samp]e of

N generating sets, in accordance with the requirements of the sound power level measurement
[SO 8528-10 grade 2 method laid down in this document;

VVAII

K is the expanded measurement uncertainty, in decibels.

13.2 Arithmetic mean of sound power levels

Lwam » in decibels, is given by Formula (5):

PICTY
N

LWAm -

(5)
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where

Lyyy ; is the sound power level, in decibels, measured on the ith generating set, in accordance with
the requirements of the sound power level measurement ISO 8528-10 grade 2 method laid
down in this document;

N is the sample size (i.e. the number of generating sets under test).

The sample size, N, shall be equal to or greater than two for the first control of production session.
This sample size can grow over years as per the control of production-cycle-based measurement. The
arithmetic_mean of sound power levels can be updated by using each additional sample’s measured
results. THe relevance of the control of production can be expected to increase as the sample fize
grows. Thys, it is advisable to reach the number of five measured generating sets as soon aspassible.
The arithnpetic mean of sound power levels shall be based on the set of all the samples from,the f{irst
sample to the current sample.

13.3 Expanded measurement uncertainty

The expanfled measurement uncertainty, K, in decibels, is given by Formula (6)t

K=k, <\/o}%0 +Cime +07 (6)

where

k, s the coverage factor;

Opo |s the standard deviation of reproducibility of the'method, in decibels;

Oomc |5 the standard deviation describing the uneertainty due to the instability of the operatingjand
mounting conditions of the generatingsets, in decibels;
o, s the standard deviation of production, in decibels.

13.4 Covérage factor

As the purpose of determining the.guaranteed sound power level is to compare the result with a l{mit
value, the foverage factor for.a one-sided normal distribution shall be considered. Then k, shall be

equal to 1,6. This coverage factor corresponds to a 95 % confidence level.

13.5 Det¢rminationof o,

A.8.4 shallfpply fordetermination of oy, considering exclusively accuracy grade 2.

13.6 Det¢rmination of o, ...

A.8.3 shall apply for determination of o,

12 © IS0 2022 - All rights reserved
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13.7 Determination of op

The standard deviation of production of a sample of N generating sets is given by Formula (7):

N
> i (Lwa i ~Lwam )
o, =

N-1

(7)

As with the arithmetic mean of sound power levels, the standard deviation of production can be
updated by using each additional sample’s measured results. The standard deviation of production
sha]l be based on the set of all the samples from the first sample to the current sample

13.8 Calculation of the guaranteed sound power level
Formula (4) shall apply to calculate the guaranteed sound power level.

The result shall be rounded up or down to the nearest integer number (less| than 0,5, us¢ the lower
number; greater than or equal to 0,5, use the higher number).

EXAMPLE Generating set determination of oy, has not been undertaken, thus the value is|taken from
Table A.2 (o, = 1,5 dB); measured o, = 0,4 dB; measured LWA1 = 86,2 dB; nieasured LWA2 =871 dB; measured
Lyalz = 86,5 dB; measured Ly, 4 = 86,9 dB; measured Ly, 5 = 85,9 dB; determined Ly, = 86,5 dB;|determined
o, =0,5dB;

Using Formula (6), it follows that:

K =41,6x11,5% +0,42 +0,5% =2,6 dB
Theh using Formula (4), it follows that:
Lyah = Lyam + K=86,5+2,6 =89,1 dB

Finglly, the guaranteed sound power level, Ly, 4 is 89 dB.

14|Test report
[SO|3744:2010, Clauses 10 and 11 and ISO 3746:2010, Clauses 10 and 11 are replaced by subg¢lause A.9.

15|Determinationof the emission sound pressure level at the workstation

15.1 General

Thip clause specifies a method for determining the emission sound pressure level at the workstation
of the geperating set. This method is based on the ISO 11201:2010 accuracy grade 2 metHod. All the
reqpirements of the sound power level measurement [SO 8528-10 grade 2 method shall apply with the

modificationsandspecificities detailedin the followingsubeclauses— |

15.2 Determination of location of the workstation(s)

The location(s) of the workstation(s) of the generating set shall be determined first. For the purpose
of this subclause, the considered work tasks are operation (e.g. start, stop) and monitoring of the
generating set with the device(s) supplied by the manufacturer as an integral part of the generating set.

Appropriate positions where measurements may be made include the following:
a) workstation located in the vicinity of the generating set;
b) workstation within a partial or total enclosure (or behind a screen) supplied by the manufacturer

as an integral part of the generating set under test (e.g. walk-in enclosure);

©1S0 2022 - All rights reserved 13


https://standardsiso.com/api/?name=6dc25c9f78c9450bd74a6a5e6b094d2b

ISO 8528-

<)

10:2022(E)

other specified positions, if there is no clearly identifiable workstation.

15.3 Criteria for the adequacy of the test environment

For indoor measurements, the environmental correction, K,,, shall be determined in accordance with

7.2, but the

correction shall not be applied.

For outdoor measurements, the distance between a reflecting object and the generating set under test
or the microphone position is not smaller than the distance between the microphone position and the
most remote point of the generating set under test.

15.4 Corllections for background noise

The corre

workstatign and shall apply in accordance with 15.8.

15.5 Measured quantity

The basic

level, LpeA

Sound pres
for exampl

15.6 Calc

In cases where the A-weighted emission sound pressure level is not measured directly but is calculz

from meas
A-weightec
performed

’

LpeA =

where

’

Lpek
k, C,

min’

rtions for background noise, K;,, shall be determined in accordance with Z:3/for ¢

Huantity to be measured at each workstation is the A-weighted .emission sound presg
(the prime indicates measured values).

sure levels in octave or one-third-octave frequency bands may also be measured as requi
e for the design of low-noise machines.

ulation of A-weighted emission sound pressure level

urements in frequency bands, only one-third octave bands shall be used. Calculation of

4
| emission sound pressure level, L from'measurements made in frequency bands sha

using Formula (8):

peA~

kmax

0
10 Ig Z 10
k=k,

Jl(l:pek +Ck) dB

min

is the measured’emission sound pressure level in the kth one-third octave band, in decil

are given'in Table A.4 for calculations with frequency band data covering the rang
mid-band frequencies 50 Hz to 10 kHz for one-third octave bands;

<max

of measurement.

ach

ure

red,

ted
the

1 be

(8)

els;

e of

ate values of k corresponding, respectively, to the lowest and highest frequency bands

15.7 Normalizing to reference meteorological conditions

At altitudes greater than 500 m above sea level or temperatures outside the range -20 °C to 40 °C,
the measured emission sound pressure level shall be normalized to the reference meteorological
conditions:

panﬂLO =

14

1,013 25 x 10° Pa
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0,=296 K

by using Formula (9) to obtain the emission sound pressure level for the reference meteorological
conditions, Ly o4, in decibels:

Lyeon =Loea —201gpa—mb+201g@3 9)
Pamb, 0 0

where

Pamp 1S the ambient pressure, in pascals, at the time and place of the test;
(¢] is the air temperature, in kelvins, at the time and place of the test.

At qltitudes less than or equal to 500 m above sea level and in the temperature range -20 °C fo 40 °C, no
normalization to reference meteorological conditions is required. If these cases;-Formula (1() applies:

Loeoa =Lpea (10)
15.8 Quantities to be determined

The quantity to be determined at each workstation is the A*weighted emission sound pregsure level,
Ly ch - Additionally, emission sound pressure levels in frequency bands may be determined.

To ¢btain emission sound pressure levels at the workstation(s), only background noise correftions, K; 5,
shall apply to measured emission sound pressure levels, as shown in Formula (11).

Lpea =Lpeoa —K1a (11)

In the case of multiple workstation locations, the value of the highest emission sound pressur¢ level shall
be 1jecorded and reported as the emjssion sound pressure level at the workstation of the gengrating set.
The position where this value is measured shall be recorded and reported.

15.9 Operation of the generating set

If ah opening system miust be opened to interact with the generating set, the measurements shall be
madle with the openingsystem open, to be representative of an actual use of the generatinjg set by an
opefrator.

15.10 Microphone positions

15.10.1TGeneral

The measurement positions shall be chosen from the alternatives specified in 15.10.2, 15.10.3 and
15.10.4.

The emission sound pressure level shall be measured without the operator at the location of the
workstation and with the microphone reference direction oriented towards the dominant sound source.

If the measured sound pressure level is strongly position-dependent, it is recommended that the space
average be taken on a small measuring surface (e.g. 0,5 m x 0,5 m) parallel to the reference box and
centred at the workstation.
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15.10.2Microphone position for a standing operator

The microphone position shall be at a distance of 1 m from the device or control panel the operator
has to interact with during work tasks, and at a height of 1,6 m from the ground plane, floor or access
platform on which the operator normally stands.

15.10.3Microphone position for a bending, crouching or kneeling operator

The microphone position shall be at a distance of 1 m from the device or control panel the operator
has to interact with during work tasks, and at a height of 0,8 m from the ground plane, floor or access

platform onwhich the operator is nnrmn”y located

15.10.4Mi]rrophone positions if there is no clearly identifiable operator position or for machines

without o

erator

If no operptor’s position can be identified, the microphone shall be placed on a_path around|the

generating

set, at a distance of 1 m from the reference box and at a height of 1,6m|from the ground

plane, floof or access platform. The number of emission sound pressure level ‘méasurements along
this path shall be equal to or greater than four. The value of the highest emission sound pressure lgvel
shall be reg¢orded and reported as the emission sound pressure level of the generating set. The posifion

where this

15.11 Me

Subclause

and not soyind pressure levels.

15.12 Tes

The testre

value is measured shall be recorded and reported.

asurement uncertainty

A.8, concerning measurement uncertainties, applies<even if it considers sound power leyels

5t report

port shall be in accordance with subclause A.9.

16
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Application of ISO 3744:2010 for generating sets

A.1—General

Thip annex specifies and completes the general requirements of ISO 3744:2010 which ate-applicable to

the[generating sets.

Table A.1 indicates the following:

— | A: the articles or subclauses of ISO 3744:2010 applicable to generating sets;

— |R: the articles or subclauses of ISO 3744:2010 for which a replacement or additional requirements

numbers;

— |N/A: the articles or subclauses of ISO 3744:2010 that do netiapply.

are necessary so that these apply to generating sets and are indicated by the clause or

WhEnever an article, clause or subclause is referenced, check in Table A.1 if it is “A”, “R” or “N
replacements of these clauses or subclauses are given in the rest of this annex. The necessary

reqpirements are given elsewhere in this document;

Table A.1 — Application of IS0 3744:2010 for generating sets

subclauses

A”. The
additional

ISO 3744:2010

Application for gene

rating sets

Clause Subclause |Title A R | N/A
1 Scope
1.1 Genéral X
1.2 Types of noise and noise sources X
1.3 Test environment X
1.4 Measurement uncertainty X
Normative references X
Terms and definitions
3.1 sound pressure X
3.2 sound pressure level X
3.3 time-averaged sound pressure level X
34 single-eventtime-integrated-soundpres X
sure level
3.5 measurement time interval X
3.6 acoustic free field X
3.7 acoustic free field over a reflecting plate X
3.8 reflecting plate X
39 frequency range of interest A.6
Key
A applicable
R replacement
N/A notapplicable
© IS0 2022 - All rights reserved 17
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R replacement

N/A not applicable

Table A.1 (continued)
1SO 3744:2010 Application for generating sets
Clause Subclause |[Title A R N/A
3.10 reference box X
3.11 characteristic source reference X
3.12 measurement distance X
3.13 measurement radius X
3.14 measurement surface X
3.15 background noise X a
3.16 background noise correction X ({l,
3.17 environmental correction X {\.(. /V
. \J
318 is;:'eflewe time-averaged sound pressure X n%,'\
319 surface single event time-integrated sound qgjv X
pressure level A
3.20 sound power @V
3.21 sound power level X
3.22 sound energy <'( - X
3.23 sound energy level X
3.24 apparent directivity index (‘\\\\ i X
3.25 apparent sur_faCt_a sound pressurw’}‘él X
non-uniformity index N
4 Test environment s
4.1 General A.\U X
4.2 Criteria for backgrm@i noise 73
43 g;i}ﬁ«lgﬁ;io;éioéhc adequacy of test 72
5 Instrum@fat‘i-(,)n
5.1 Gene A21
5.2 Calfbyation A22
6 a ﬁi&i’nition,_location, installation, and oper-
c‘\:atlon of noise source under test
6./1\0‘/ General X
g‘ Auxiliary equipment 9.2.3
AQ%.S Noise source location 8.2
V) 6.4 Mounting of the noise source
N 6.4.1 General X
6.4.2 Hand-held machinery and equipment X
43 [Baemouted wal-mouned and ableop 3
6.5 Insta_lllatior_l and mounting conditions for X
moving noise sources
6.6 Operation of source during test A3
7 Reference box and measurement surface
Key
A applicable

18
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Table A.1 (continued)
I1SO 3744:2010 Application for generating sets
Clause Subclause |Title A R N/A
7.1 Reference box A4
7.2 Measurement surface
7.2.1 General A5.1
7.2.2 Microphone orientation 9.3.2
7.2.3 Hemispherical measurement surface A.5.2
7.2.4 Parallelepiped measurement surface A.5.3,
7.2.5 Cylindrical measurement surface ({l, X
7.2.6 Combination measurement surface (\.( 5 X
8 Determination of sound power levels and ,'\\)
sound energy levels nQ)
8.1 Microphone positions on the measurement (bbv
' surface A
8.1.1 Hemispherical measurement surface \CV A.5.2
8.1.2 Parallelepiped measurement surface (-S\\ N A.5.3
8.1.3 Cylindrical measurement surfaceA<( - X
8.1.4 Combination measurement sur: X
8.2 Determination of sound po&é}le‘vels
8.2.1 Measurement of sound pm’sgﬁre levels 10
8.2.2 Calculation of mean tlv@averaged sound
- pressure levels -
Measurement sx@gce with microphone
8.2.2.1 positions or,t@verses uniformly distrib- X
uted -
8222 Meas k@iﬂent surface with segments hav- X
ing ual areas
8.2.3 @rr’ections for background noise X
h3 . .
8.2 4 C) alculation of surface time-averaged X
. |sound pressure levels
8 Calculation of sound power levels X
PR 3 Determination of sound energy levels X
Oy 8.4 Calculation of apparent directivity indices
0"“‘ 8.5 Calculation of apparent surface sound
<A ' pressure level non-uniformity index
&?“ 8.6 A-weighted sound power level and sound A7
' energy level
9 Measurement uncertainty A.8
10 Information to be recorded A9
11 Test report A9
Annex A Qualifications procedures for the acoustic
(normative) environment
Al General X

Key
A applicable

R replacement

N/A notapplicable
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Table A.1 (continued)
1SO 3744:2010 Application for generating sets
Clause Subclause |[Title A R N/A
A2 Absolute comparison test X
A3 Determination of the environmental cor- X
' rection based on room absorption
Annex B Microphone arrays on a hemispherical A5 2
(normative) measurement surface e
Annex Microphone arrays on a parallelepiped =
(normatiye) measurement surface =
Annex Ip Microphone arrays on a cylindrical meas- X
(informatjve) urement surface
Annex I Calculation of A-weighted sound power
N levels and A-weighted sound energy levels A7
(normatiye)
from frequency band levels
Alternative microphone array on a hemi-
Annex I spherical measurement surface for direct A5 2
(normatiye) measurements of A-weighted sound pres- T
sure level
Annex G Sound power level and sound energy level
: ) I X
(normatiye) under reference meteorological conditiens
Annex H Guidelines on the development of informa- X
(informatijve) tion on measurement uncertainty
Key
A applicabl¢
R replacemgnt
N/A not applicable
A.2 Medsuring equipment
A.2.1 Geperal
[SO 3744:2010, 5.1 and ISO 3746:2010, 5.1 are replaced as follows:

If the meaj
meter.

The whole
shall meet
grade 3, an
only). The

urement equipment’is a hand-held sound level meter it shall be an integrating sound level

measuremefit chain, including the analyser, the cable(s), the microphone(s) and the software
the reqiirements of IEC 61672-1:2013, class 1 for accuracy grade 2 and class 2 for accufacy
d thefilters shall meet the requirements of IEC 61260-1:2014, class 1 (for accuracy gragle 2
manufacturer’s certificate of conformity proves that these standards have been met.

Otherwise, a type test shall be performed according to the following procedure:

The type test is intended to establish technical capabilities of a measurement chain to conform with

class1lorc

lass 2 requirements. The following principles shall apply:

— The type test shall be done just after purchasing the measuring equipment.

— The type test shall prove that the association of an acquisition module (brand, model) with a cable
(brand, model), a microphone (brand, model) and software (brand, model) meets the requirements
of [EC 61672-1:2013, class 1 for accuracy grade 2 and class 2 for accuracy grade 3, and that the filters
meet the requirements of IEC 61260-1:2014 class 1 (for accuracy grade 2 only).
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Implications:

— If the measuring equipment consists of more than one type of acquisition module,
shall be done for each type of acquisition module.

— If the measuring equipment consists of several acquisition modules with the same
model, only one acquisition module shall be tested.

— If an acquisition module is used in association with more than one microphone, wit
brand and model, only one microphone shall be tested.

a type test

brand and

h the same

Thd

A.2
ISO
The

to appropriate standards:

Unl
exc

Bef
IEC
med

adjustment, the difference between the readings made before and after each series of me3

sha
sha

A.3

e dits dalo b £l : : + 1 : :
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tested.

sound calibrators shall meet the requirements of IEC 60942:2017, class 1.

.2 Calibration
3744:2010, 5.2 and ISO 3746:2010, 5.2 are replaced as follows:

following conformities shall be verified at intervals in a laboratofy making calibration

Conformity of the hand-held sound level meters with the tequirements of IEC 61672
accuracy grade 2 and grade 3 and IEC 61260-1:2014 for4ccuracy grade 2 only.

Conformity of all the parts of the data loggers (all acquisition modules, all microphone|
instrumentation manufacturer’s maximum permissible error.

Conformity of the sound calibrators with the fequirements of I[EC 60942:2017.

bss national regulations dictate otherwise, these verifications shall be done at int
beding:

2 years for the hand-held sound level meters, the data loggers and the microphones;
1 year for the sound calibrators.

pre and after each series’/of measurements, a sound calibrator meeting the requi
60942:2017 class 1,shall be applied to each microphone to verify the calibration off
isuring system at gne’or more frequencies within the frequency range of interest. W

1 be less than@ryequal to 0,5 dB. If this value is exceeded, the results of the series of med
1 be discarded:

Operating conditions during test

ut shall be

S traceable

1:2013 for

S5) with the

ervals not

‘ements of
the entire
ithout any
surements
surements

ISO

A3

3744-2010 6.6 and ISQ 3746:2010 6.5 are rpplnr‘pd as follows:

.1 General

The generating set shall be stabilized in the desired operating condition, with any power source or
transmission system running at a stable temperature, prior to the start of measurements for sound
power level determination. The load, speed and operating conditions shall be held constant during the
test.

When the measurements are taken, the ambient and air inlet temperatures shall be not higher than

320
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A.3.2 Generating set electrical power during noise measurements

The generating set shall operate at a steady power output at 75 % of its rated power in kilowatts as per

[SO 8528-1:

2018.

The given output, i.e. the useful output calculated on the basis of the given output in kilovoltamperes
under the application of the power factor (cos ¢), shall be reported.

A.3.3 Variable speed engine gensets

In the case of variable speed engine gensets, where engine and other noise-producing component

speeds vaily with respect to the load applied, the following conditions are required while conduc

the noise

a)

variab

no

th

b) variab

at appl

variab
engine

<)

A3.4 Fa

A341 (
If the engi

during the
the manuf3

A3.4.2 F

i

easurements according to this document:

e speed engine genset engines shall operate at the higher of the following speeds:
less than 70 % of the maximum permissive speed set by the manufacturer;

e speed at which genset delivers power as per A.3.2;

e speed engine gensets with directly mounted components that pfeduce noise shall ope
opriate speeds to satisfy the requirements detailed in a);

e speed engine genset components that produce noise and-dre not directly mounted on
shall operate at no less than 70 % of the maximum spee@d’séet by the manufacturer

n(s)

eneral

he of the equipment or its hydraulic system is fitted with (a) fan(s) it (they) must ope
test. The fan speed is, in accordance with one of the following conditions, stated and se
cturer of the equipment. This speed-shall be used in further measurements.

an drive directly connected to the engine

If the fan drive is directly connected to the engine and/or hydraulic equipment (e.g. by belt driv

must opers:

A3.43 F

If the fan c

te during the test.

an drive with several distinct speeds

hn work at séyveral distinct speeds the test shall be carried out either:

a) atits mmaximumworking speed; or

b) in a fir

st test with the fan set at zero speed and in a second test the fan set at maximum speed.

fing

rate

the

rate
t by

1%

) it

The

resulthgﬁuﬁmﬂa;amageﬂm@mm%&aﬂﬂmﬁuﬂnﬂ&mﬂmmﬂning

both test results using Formula (A.1):

L, = 101g(0,3x100'1XLp'0% +0,7x10% P 100% )

where

Ly 09

Ly 100%

22

is the sound pressure level determined with the fan set at zero speed, in decibels;

(A1)

is the sound pressure level determined with the fan set at maximum speed, in decibels.
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If the lowest of the distinct speeds is different from zero then this speed shall be substituted to the

Lp,o

A.3.

o, condition.

4.4 Fan drive with continuous variable speed

If the fan can work at continuous variable speed, the test shall be carried out either according to
A.3.4.3 b) or with the fan speed set by the manufacturer at no less than 70 % of the speed range.

A3

.5 Welding generator current during noise measurements
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current associated to a 60 % duty cycle as defined in IEC 60974-1:2021. A resistive lgad
|sed. The load voltage during the noise measurements shall be reported.

.6 Lighting towers electrical power during noise measurements

the spotlights shall be switched on at their maximum intensity. The elegtrical power
e measurement shall be written in the test report.

light tower shall be deployed to the minimum height allowed by theymanufacturer, with

Reference box
3744:2010, 7.1, and ISO 3746:2010, 7.1 are replaced as:follows:

rder to facilitate the selection of the shape and,dimensions of the measurement s
rence box shall first be delineated. The reference box is a hypothetical surface defi

reference box, elements protruding from the’generating set which are known not to be
ators of sound may be disregarded. Forthe gensets with and without enclosure, canopy
reference box shall envelope any protruding devices outside of the enclosure, canopy or
otely mounted, which are essentialfor the function or operation of the genset. For safe
reference box may be enlarged to remove measuring points from the dangerous areas, f
surfaces and moving parts.

locations of the reference box, the measurement surface and the microphone pdg
lsurements are defined-with respect to a coordinate system with origin O in the gro
ivn in Figure A.1. Fhepoint O is the middle point of the face of the reference box that
ind. The horizontalX- and Y-axes of the coordinate system also lie in the ground plane,
length and widthof the reference box.

be 40 % of
bank shall

during the

lights on.

irface, the
hed by the

llest right parallelepiped that just encloses the generating set. When defining the dinjensions of

significant
br housing,
housing, or
Ly reasons,
br example

sitions for
und plane,
lies on the
parallel to
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Key
A engine pide

B  generafor side

C referenke box

D  ground|(reflecting plane)
I;  referenge box width

I, referenfe box length

I;  referenfe box height

0 origin

Figure A.1 — Reference box and coordinate system

A.5 Medsurement surface

A.5.1 Geperal
[SO 3744:2010, 7.2.Fand ISO 3746:2010, 7.2.1 are replaced as follows:

This docurhent gives specifications relating to the shape of the measurement surface.

The micro] ] ] )
surface, a hypothetical surface of area S which envelops the reference box and termlnates on the
reflecting plane. The measurement surface shall be a hemisphere of radius r, as described in A.5.2.
The radius r of the hemisphere shall be equal to or greater than twice the largest dimension of the
reference box (see Figure A.1). The radius of the hemisphere shall be rounded to the nearest higher of
the following values: 4 m, 10 m, 16 m. If the largest dimension of the reference box is strictly greater
than 8 m then the parallelepiped measurement surfaces described in A.5.3 shall be used.

For practical reasons, an alternative to the hemispherical measurement surfaces may be used under the
following condition: if the largest dimension of the reference box is strictly greater than 2 m, and equal
to or less than 8 m, then the parallelepiped measurement surfaces described in A.5.3 may be applied.

NOTE1 The hemispherical surface requires lower background noise than the parallelepiped surface but is
known to result in lower A-weighted sound power level than the parallelepiped measurement surface.
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NOTE 2  The measuring environment requirements of this document apply to all the measurement surfaces.

A.5.2 Hemispherical measurement surface

ISO 3744:2010, 7.2.3, 8.1.1, Annex B and Annex F and ISO 3746:2010, 7.2.3, 8.2.1 and Annex B are
replaced as follows:

The hemisphere shall be centred on the coordinate origin, O, see Figure A.1. A set of 12 microphones
on the hemispherical measurement surface shall be used. The location of 12 microphone positions
distributed on the surface of a hemisphere of radius r are listed in the form of Cartesian coordinates in
Table A.2. The measurement surface is a full hemisphere and its area is S = 2mr2 in square metres.

Thg number of measuring points shall be 12. Preliminary investigations have shown that for the
appropriate generating sets the A-weighted sound power level determined asna’reqult of the
megsurement at only six measuring points (measuring points 2, 4, 6, 8, 10 and @2-in Figure A.2) is
normally lower than with the arrangement at 12 measuring points by a level difference ALyj, -

For|determining ALy, , each model of the genset shall be tested by using 12 tagdsuring poin{s first then

soupnd power level shall be calculated by using only six measuring points:’If the differende in sound
power level (ALy, ) determined by using these two measuring schemes’does not exceed (,5 dB then

the[reduced microphone measuring scheme shall be used. Note that ALy, needs to be estgblished for
evel'y new genset model that is tested for the first time.

Table A.2 — Coordinates of the 12 microphone positions in the coordinate system
Ppsition number x/r y/r z/r V4

1 1,00a 0 - 1,pm

2 0,707a 0,707a - 1,pm

3 0 1,00a - 1,pm

4 -0,707a 0,707a - 1,pm

5 -1,00a 0 - 1,bm

6 -0,707a -0,707a - 1,p m

7 0 -1,00a - 1,pm

8 0,707a -0,707a - 1,pm
9 0,65 0,27 0,71 =
10 -0,27 0,65 0,71 -
11 -0,65 -0,27 0,71 =
12 0,27 -0,65 0,71 =

NOTE The constant "a" depends on the measurement radius and is taken from Table A.3.

Table A.3 — Values of the constant "a"

r
a
m
4 0,927
10 0,989
16 0,996
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e microphone positions (1 to 12) C reference box

A engine side E  measurement surface

B  generator side r  measurement surface radius

Figure A.2 — Hemispherical measurement surface and measuring points arrangement
for generating sets
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.3 Parallelepiped measurement surface

[SO 3744:2010, 7.2.4, 8.1.2 and Annex C and ISO 3746:2010, 7.2.4, 8.2.2 and Annex C are replaced as
follows:

The parallelepiped shall have the same orientation with respect to the coordinate origin, O, as
the reference box, see Figure A.1. The measuring distance, d, between the reference box and the
parallelepiped measurement surface is 1 m. The area, S, of the measurement surface is given by

Formula (A.2):

S=4(ab+bc+ca)

(A.2)

whyd

In v

The
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arr
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exh
moy

Thi
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c= 13 +d
fhich [, [, and I; are the width, length and height, respectiyely, of the reference box.

measuring points shall be arranged equidistantly along the measuring surface and

ingement and the number of the measuring paints on the measuring surface depg
i surements [y, I, and I3 of the reference box and are shown in Figures A.3 to A.5.

elation to Figures A.3, A.4 and A.5, for the efgineering method the number of micropho
cified is less than that specified in ISO 3744:2010. Preliminary investigations[2¢] have sh
ases for the types of engines concernéd; the A-weighted surface sound pressure levels
iced arrays differ by less than 0,5 dB;from the full arrays.

e of the measuring points showhrin Figures A.3 to A.5 is not accessible due to lack of spa
bons, the measuring point onthe measuring place can be moved along its measureme
vided that the distance from the previous measuring position is as small as possible.

he of the measuring(peints shown in Figures A.3 to A.5 is found in the area of the air
pust gas openings;7the microphone shall be arranged so that it does not encounter
rements greaterthan 6 m/s and temperatures greater than 320 K (46,9 °C or 116,3 °F).

5 microphong. shall be moved along its measurement surface, provided that the distang
yious measuring position is at most 1 m. If the altered microphone position still encou
movefients greater than 6 m/s and temperatures greater than 320 K, then it can be
y from the air opening boundary and into the plane perpendicular to the line of the air fl

completely

ose all relevant sources of noise. The number depends upon the size of the generating set. The

nd on the

positions
wn that in
from these

ce or other
nt surface,

intake and
air or gas

e from the
ers air or

Ifoved 1m

bw, and not

pSsarily along the parallelepipedal measurement surface.

In any case, the position of the altered measuring point shall be shown in the measurement report.

For

©IS

all measuring points, Figures A.3 to A.5 apply.
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Key

1 engine fide 2 generator side

Figure A.3 — Measuring point arrangement (12 measuring points)‘and measuring plane fqr
genlerating sets with the reference box measurements: 2 ms/, <4mand/;<2,5m
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Higure A.5 — Measuring point arrangement (19 measuring points) and measuring plane for
generating sets with the reference box measurements: I, >4 m and/or I3 > 2,5m

A.§ Frequency range of interest

The definitions of the frequency range”of interest in ISO 3744:2010, 3.9 and ISO 3746:20[10, 3.7 are
replaced as follows:

Thg minimum frequency range-shall include the octave bands with centre frequencies from 63 Hz to
8 000 Hz or one-third octaye bands from 50 Hz to 10 000 Hz.

NOTE In the case of indoor measurements, meeting the requirements for acoustic adequacy of the test
environment can be adifficult challenge.

A.7 Calculation of A-weighted sound power level

[S0|3744:2010, 8.6 and Annex E are replaced as follows:

In ¢ases where the A-weighted sound power level is not measured directly but is calcuflated from
measurements in frequency bands, only one-third octave bands shall be used. Calculation of the
A-weighted sound power level, Ly, from measurements made in frequency bands shall be performed

using Formula (A.3):

kmax
Lya =101g Y 10%10wi*Ck) 4p (A.3)
k=kmin
where
Lk is the sound power level in the kth one-third octave band, in decibels;
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k, Cy are given in Table A.4 for calculations with frequency band data covering the range of
mid-band frequencies 50 Hz to 10 kHz for one-third octave bands;

are values of k corresponding, respectively, to the lowest and highest frequency bands
of measurement.

min’ “max

Table A.4 — Values of k and C; for mid-band frequencies of one-third octave bands

Mid-band frequency Cy
k Hz dB
1 50 -30,2
2 63 -26,2
3 80 -22,5
4 100 -19,1
5 125 -16,1
6 160 -13,4
7 200 -109
8 250 8,6
9 315 =6,6
10 400 -4,8
11 500 -3,2
12 630 -1,9
13 800 -0,8
14 1000 0,0
15 1250 0,6
16 1 609 1,0
17 2,000 1,2
18 2500 1,3
19 3150 1,2
20 4000 1,0
21 5000 0,5
22 6300 -0,1
23 8000 -1,1
24 10 000 -2,5

A.8 Megdsurement uncertainty
A.8.1 Geheral

This clause makes it possible to present the sound power level with its measurement uncertainty,
considering measurements on a single generating set.

NOTE The expanded measurement uncertainty as described in this clause does not include the standard
deviation of production, which is covered in Clause 13.

A.8.2 Methodology
IS0 3744:2010, 9.1 is replaced as follows:
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The uncertainties of sound power levels, u(Ly), in decibels, determined in accordance with this
document are estimated by the total standard deviation, o, in decibels, as per Formula (A.4):

u(Ly )= 0ot (A4)

This total standard deviation is obtained wusing the modelling approach described in
ISO/IEC Guide 98-3:2008. This requires a mathematical model which in the case of lack of knowledge
can be replaced by results from measurements, including results from interlaboratory tests.

In this context, this standard deviation is expressed by the standard deviation of reproducibility of the
me‘hud, URO, ;ll d\,\,;b\,}o, Glld thb otaudald d\,v;at;uu, Uomc, ;ll d\.\,;b\,}o, dbo\,l ;b;lls thb UIItT tainty due
to the instability of the operating and mounting conditions of the source under test in accopfance with

Formula (A.5):
2 2
Otot =VOR0O TOomc (A.5)

Derjived from o, the expanded measurement uncertainty U, in decibéls;“shall be calculated from

Formula (A.6):
U=k1 o-tot (A'6)

For|a normal distribution of measured values, there is 95 % confidence that the true value(lies within
therange (Lyy - U) to (Ly, + U). This corresponds to a coverage factor of k; = 2.

A.83 Determination of o,

[SO|3744:2010, 9.2 is replaced as follows:

Thg standard deviation o,,., which describes the uncertainty associated with the instabjlity of the
operating and mounting conditions for thé\generating set under test, shall be taken into acqount when
determining the measurement uncertainty.

O,ml in decibels, is given by Formula{A.7):
N
1 — 2
Oomc = N-1 Z(Lp,j _Lpav ) (A7)
j=1

whegre

L_. 1ismean (energy average) of the time-averaged sound pressure levels over all the microphone
positions on the measurement surface, with the background noise correction applied, for the
Jjth repetition of the prescribed operating and mounting conditions;

E7), isits arithmetic mean level calculated for all these repetitions.

O,mc €an be determined separately from repeated measurements carried out on the same generating

set at the same location by the same persons, using the same measuring instruments and the same
measurement positions. To determine o, ., repeated measurements are made with microphone arrays.
For each of these repeated measurements, the mounting of the machine and its operating conditions
shall be readjusted.

If 0, is not determined by making measurements, a typical value of 0,5 dB for o, can be applied.

A.8.4 Determination of oy

[SO 3744:2010, 9.3 is replaced as follows:
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A.8.4.1 General

The standard deviation oy includes all uncertainty due to conditions and situations allowed by this
document (different radiation characteristics of the generating set under test, different instrumentation,
different implementations of the measurement procedure), except that due to instability of the sound

power of the generating set under test. The latter is considered separately by o, ..

A.8.4.2 Interlaboratory test

To determine oyg, an interlaboratory test can be carried out in accordance with ISO 5725-1:1994,

ISO 5725-

-1QQA.I/{‘nr 1:1998 [SQ 5725-2:2019 [SQ 5725-3:1994 [SQ 5725-4:2020 [SQ 5725-5:1

98,

ISO 5725-5
level of the
different p|
instrumen

Such a test
has been 4

:11998/Cor 1:2005, ISO 5725-6:1994 and ISO 5725-6:1994/Cor 1:2001, where the sound po
source under test is determined under reproducibility conditions, i.e. different labgratot
ersons carrying out measurements at different testing locations with different.measu
(S,

sed for the interlaboratory test. Participating laboratories in interlaboratory tests shc

cover all pgssible practical situations.

ver
ies,
ing

provides the total standard deviation, o, , relevant for the individual gehgerating set which

uld

This total [standard deviation oy, in decibels, of all results obtained with an interlaboratory fest
includes thie standard deviation ¢/, and allows o to be determinedby using Formula (A.8):
' "2 2
OR0 =¥Otot ~%omc (f-8)

A.8.4.3 Reproducibility tests

For geners
measurem
usually ins
environme
Results of
for tests o
of sound {
operating

(if one exis

iting sets, the effort involved in an inteflaboratory test can be reduced by omit
bnts for different laboratories and different locations, for example if machines under test]
talled under conditions with a small background noise correction K;, and a small or sin
ntal correction K,, or if the noise:emission of a machine is rechecked at the same locaf
such delimited tests should be denoted by oy, and this designation should also be u
n large machines not movable'in space. Reproducibility tests consist in making repeti
ressure measurements on‘the same generating set, without changing its mounting

fonditions between twomeasurements, and changing the person and measurement de
ts). For each of these repeated measurements, the microphones positions shall be readjus

[ing
are
ilar
ion.
sed
[ion
and
yice
ted.

Ogo,pL in dgcibels is calculated.by Formula (A.9):
N
1 — 2
ORo,plf= N—lZ(Lp'j _Lpav) (%))
J=1
where
E is mean (energy average) of the time-averaged sound pressure levels over all the microphone
’ positions on the measurement surface, with the background noise correction applied, for the
jth repetition of measurement;
Lpay is its arithmetic mean level calculated for all these repetitions.

Values for oy ), can be expected to be lower than those given in A.8.4.4 and A.8.4.5.

A.8.4.4 Typical upper bound values of oy, for accuracy grade 2

If no tests are carried out to determine oy, typical values can be taken from Table A.5. Table A.5 reflects
current knowledge and shows typical upper bound values of the standard deviation op for accuracy
grade 2 that may cover most of the applications of this document.
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Table A.5 — Typical upper bound values of the standard deviation of reproducibility
of the method, oy, for sound power levels determined in accordance with this document

One-third-octave mid- Standard deviation of re-
Frequency bandwidth band frequency producibility, o,
Hz dB
100 to 160 3,0
200 to 315 2,0
One-third octave
400to 5000 1,5
A-weighted 1,5

A.8{4.5 Typical upper bound values of oy, for accuracy grade 3

If np tests are carried out to determine oy, a typical upper bound value 0of 4 dB can b¢ taken for
A-weighted sound power levels, accuracy grade 3, in accordance with this doCiument.

A.8.5 Expanded measurement uncertainty U
[SO[3744:2010, 9.5 is replaced as follows:
The expanded measurement uncertainty, U, shall be determined using Formula (A.6).

The A-weighted sound power level presented with itsgmieéasurement uncertainty shall be fwritten as
follpws:

Ly =xdB + UdB (k= 2, level of confidence 95 %),

EXAMPLE Accuracy grade 2; generating set détermination of oy, has not been undertaken, thus{the value is
tak¢n from Table A.5 (op, = 1,5 dB); measured,ogy,. = 0,4 dB; determined Ly, = 86,2 dB. Using Formulpe (A.5) and
(A.4) it follows that:

U=2x+1,5%+0,4%> dB=3,1dB

The|A-weighted sound power level presented with its measurement uncertainty is:

Lyal= 86,2 dB + 3,1 dB (k.=\2,)level of confidence 95 %).

A.9 Testrepeort

1S0|3744:2040,'Clauses 10 and 11 and ISO 3746:2010, Clauses 10 and 11 are replaced as follows:

A.9.1 ~General

The method of sound power level measurement according to this document, grade Z, is designated as
follows:

Sound power level measurement ISO 8528-10 grade 2.

The method of sound power level measurement according to this document, grade 3, is designated as
follows:

Sound power level measurement ISO 8528-10 grade 3.

The method of emission sound pressure level at the workstation measurement according to this
document, grade 2, is designated as follows:

Emission sound pressure level at the workstation measurement ISO 8528-10 grade 2.
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The test report carried out in accordance with this document shall contain a designation of the
procedure(s), as specified above, and the data given in A.9.2 to A.9.5, because of their influence on the
noise emission.

If the reported levels have been obtained in full conformity with the requirements of this document,
the report shall state this fact. If the levels have not been obtained in full conformity, the report shall
not state or imply that they have been. If one or a small number of identifiable discrepancies exist
between the reported levels and the requirements of this document, then the report may state that the
measurements have been conducted “in conformity with the requirements of this document, except
for...” and the discrepancies clearly identified. In this case, the term “full conformity” shall not be stated
or implied

A.9.2 Dalta of the generating set being tested
The test report shall contain the following data:

— manufpcturer;

— type;
— serial number;

— dimenkions;

— modellof enclosure, if applicable;

— rated power output of the generating set (kW);
— generdting set rated speed (rounds per minute);
— mountfing arrangement;

— manufpcturer of the internal combustion engine;
— type of the internal combustion engine;

— internal combustion engine serial number;

— type and arrangement of the iplet'system;

— type and arrangement of the exhaust system;

— type of generator cooling;

— type and arrangement of engine cooling;

—e

— type of fuel and,"where available, any international or national standard that the fuel used duf
the tegt issupplied according to (e.g. EN 590:2013+A1:2017);

ng

— manufhetarerofthe-generator

— type of generator;

— generator serial number.

A.9.3 Details of measurement conditions

The test report shall contain the following data:

— place and date of the measurements;

— names of those responsible for carrying out the measurements;

— generating set average power output (kW);
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generating set average power output (kVA);
generating set power factor (without units);
generating set speed (rounds per minute);
fan(s) speed (rounds per minute);
generating set inlet temperature (K);

ambient temperature (K);

A9
Thd

A9

humidity (%);

atmospheric pressure (kPa);

wind speed (m/s) when measuring outside;
arrangement of generating set in the test environment;
description of the test environment:

— if indoors, the description shall include the nature of the building, the constructi
lining of the walls, floor and ceiling, and a sketch showing the location of the noise so
test and any other contents of the room;

— if outdoors, the description shall include the nature of the reflecting floor surfa
surrounding terrain, with a sketch showing thedecation of the noise source under te

— whetherindoors or outdoors, the descriptiottshall also include any object(s) near the
set under test;

description of the acoustical qualification-of the test environment in accordance with 7.2.

.4 Measuring equipment used

test report shall contain the following data:
manufacturer(s);

type(s);

serial number(s);

calibration precedure used;

place and.date of calibration.

.5~ Acoustical data

bn and any
urce under

ce and the
st;

generating

A.9.

5.1 Sound power level measurement ISO 8528-10 grades 2 and grade 3

The test report shall contain the following data:

dimensions of the reference box (I3, I, I3);
shape of the measurement surface;
radius of measurement surface, r, or distance, d;

measuring surface area, S;
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