1EC IEC 60076-10

®

Edition 2.0 2016-03

INTERNATIONAL |
STANDARD AQ}‘

NORME N
INTERNATIONALE Q-

ﬁ inside
o

Part 10: Determination of sound levels

Transformateurs de puissance — \

Partie 10: Détermination des niveaux de bru.

Power transformers — Q&

a9

IEC 60076-10:2?6%3)


https://www.stdhive.com/standards/iec-60076-10-ed-20-b2016-pdf/

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''EC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I''EC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 91902 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that nrep.res and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Ples._> m<'*= sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Jus’ r “blis:” >d
details all new publications released. Ava'able c7iin® and
also once a month by email.

Electropedia - wwv .electropedia.org

The world's lecdira online dictionary of electronic and
electrical terms cc taining 20 000 terms and definitions in
English _and French, with equivalent terms in 15 additional
languages. ~ =0 kaown as the International Electrotechnical
Vocau llary ‘IEV) online.

IEZ Glossry - std.iec.ch/glossary

6L 000 electrotechnical terminology entries in English and
Frenc:: extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
vllected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.

A propos de I'lEC

La Commission Electrotechniqr e 1. ‘errationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour to.* ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publicatior s IEC

Le contenu technique des ub'.cations IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ~u amendement peut avoir été publié.

Catalogue IEC - v 2bstc e.iec.ch/catalogue

Application autc xome bour consulter tous les renseignements
bibliographiques ~ sur les Normes internationales,
Spécificati. ns techniques, Rapports techniques et autres
dcrunmicnts e I'NEC. Disponible pour PC, Mac OS, tablettes
Andiid et ir d.

Rechercne de publications IEC - www.iec.ch/searchpub

L. recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient 20 000 termes et définitions en anglais
et en frangais, ainsi que les termes équivalents dans 15
langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

65 000 entrées terminologiques électrotechniques, en anglais
et en francais, extraites des articles Termes et Définitions des
publications IEC parues depuis 2002. Plus certaines entrées
antérieures extraites des publications des CE 37, 77, 86 et
CISPR de I'EC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://www.stdhive.com/standards/iec-60076-10-ed-20-b2016-pdf/

IEC 60076-10

Edition 2.0 2016-03

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Power transformers —
Part 10: Determination of sound levels

Transformateurs de puissance —
Partie 10: Détermination des niveaux de bruit

INTERNATIQNAL
ELECTROTEC.!NICAL
COMMIS SION

“OM. ISS.ON
ELZCTROTECHNIQUE
INTERNATIONALE

ICS 29.180 ISBN 978-2-8322-3252-1

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://www.stdhive.com/standards/iec-60076-10-ed-20-b2016-pdf/

-2 - IEC 60076-10:2016 © IEC 2016

CONTENTS

O T T 1 5 P 4
INTRODUGCTION ...ttt et et e ettt e e ettt e e e e e e et et e enns 6
1 T o]0 o =P 8
2 NOIMALIVE O EIENCES. . e 8
3 Terms and defiNitiONS ..o 9
4 Sound power for different loading coONditioNS ........cooiiiiiiiii 11
4.1 LT =Y = =Y 11
4.2 Sound power at No-load eXCitatioN .........oovvi i 02
4.3 Sound power of the cooling deVICE(S) «.uuiu i e 12
4.4 Sound power due to 10ad CUMTENt ......oveiiiiii e e 12
5 Sound level measurement SpPecCifiCation..........ccoviiiiiiii i 14
Instrumentation, calibration and aCCUIaCY..........vviuiieiii i e e 15
Principal radiating SUMACE . ... ... e e 16
7.1 GeNErAl. .. _ W S 16
7.2 Transformers with or without cooling deviCe.........coovviiiiiii i i, 16
7.3 Transformers in enclosures with cooling devices insice the enclosure .................. 16
7.4 Transformers in enclosures with cooling devices ouw® uc ithe enclosure ................ 17

7.5 Cooling devices mounted on a separate structu.e where the distance
between the two principal radiating surfacos 10> SN 17
7.6 Dry-tyPe traNSTOIMEIS. . o e e 17
7.7 DIry-tyPe @ir-COM® FEACTOIS .. ittt iit i e ety oee e et e e e e e e e e enen 17
8 PreSCrDEO CONTOUL ...uee e e et et a e eaeens 18
9 MICIrOPRONE POSIIONS . e s e e e e e e 19
10 Calculation of the MeasUremMENt SLINOC D AT A . ..iiuiiuie e 19
10.1 Measurement surface urez for ‘neasuring distances up to 30 M...........ccoeevinennnnn. 19
10.2 Measurement surface ‘arec for measuring distances larger than 30 m................... 19
11 SOUNA MEASUIEMIENT ... i ittt et e et et e e e et r e e e et e e aennes 20
0 T R = 1= oo Lo A0 g P 20
11.1.1 Placemei t of 1eSt ODJECT.. ... 20
11.1.2 Test 2Ne GIiSAtioN OPLIONS ..vuiiiiii e e e 20
11.1.3 Test apication details ... 21
11.1.4 Piavailing ambient conditionS ..o 21
11.2  Soaund pressure MEethod ... 21
11.2.1 LT o= = 1 21
122 I A ] (0 1o =T LU P 21
11.2.3 Calculation of the spatially averaged sound pressure level............c....oeieanee. 22
11.2.4 Validation of test measurements with respect to background noise................ 23
11.2.5 Calculation of environmental correction K. 23
11.2.6 Final correction for steady-state background noise and test environment....... 25
11.3  Sound intensity Method ... 26
11.3.1 LT o= = 1 26
11.3.2 I A ] (0 1o =T LU P 26
11.3.3 Calculation of average normal sound intensity and sound pressure level....... 27
11.3.4 Measurement Validation ..o 28

11.3.5 Final correction based on P-l index and direction flag ............ccoooiiiiiiinnnn, 28


https://www.stdhive.com/standards/iec-60076-10-ed-20-b2016-pdf/

IEC 60076-10:2016 © IEC 2016 -3-

12 Determination of sound power level by calculation...............ooiiii
13 Logarithmic addition and subtraction of individual sound levels................coocoviiiiiienennn,
14 Far-field calculations for distances larger than 30 M .......ccoooviiiiiiiii i,
15  Presentation Of re@SUILS ... e e
Annex A (informative) Narrow-band and time-synchronous measurements..........................

A.l General CONSIABIALIONS. .. ..ttt e ea e eaas

A.2 Narrow-band MeEASUIEMENT ... ..

A.2.1 (CT=T =] = |

A.2.2 Post processing of narrow-band measurements to exclude background
0] PP .

A.3 Time-synchronous averaging teChnique ...
Annex B (informative) Typical report of sound level determination........................... LN
B.1 Sound Pressure Method ... e
B.2 Sound pressure method — Appendix for the point-by-point procedure ...................
B.3 Sound intensity Method ........o.iiiiii e T
B.4 Sound intensity method — Appendix for the point-by-point procedcre ... ................
BibliOgraphy .o N

Figure 1 — Typical microphone path / positions for sound meastrement on
transformers excluding COOlING AEVICES .....vuiiniiii e et e aeens

Figure 2 — Typical microphone path / positions for sound r. easurement on transformers
having cooling devices mounted either directly on the tai.'” or on a separate structure
spaced < 3 m away from the principal radiating surface ~f the main tank..............................

Figure 3 — Typical microphone path / positions for ©ou'id measurement on transformers
having separate cooling devices spaced < 3 m away from the principal radiating
surface of the Main tANK. ... e

Figure 4 — Typical microphone path / pczitians for sound measurement on cooling
devices mounted on a separate struc.ur: spaced > 3 m away from the principal
radiating surface of the transformer ..

Figure 5 — Typical microphone pcsiticns for sound measurement on dry-type
transformers WithOUL ENCIOSIIIES o oo

Figure 6 — Principle radiatii ¢ st rface and prescribed contour of dry-type air-core
[T To1 (o] £ PP PRPRTPPN

Figure 7 — ENVIironmentc] COrreCtion, K. .. e e aeenes

LI o] Lo A I RO Lot Y o) = Vg (ot od ) (=Y 4 -
Table 2 — Aproximate values of the average acoustic absorption coefficient .......................


https://www.stdhive.com/standards/iec-60076-10-ed-20-b2016-pdf/

1)

2)

3)

4)

5)

6)

7

8)

9)

-4 - IEC 60076-10:2016 © IEC 2016

INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 10: Determination of sound levels

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization co npricing
all national electrotechnical committees (IEC National Committees). The object of IEC is to. pr mo.>
international co-operation on all questions concerning standardization in the electrical and electronic 1.2lds. To
this end and in addition to other activities, IEC publishes International Standards, Technice Sp cific.tions,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referr. to =s “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commitic = interested
in the subject dealt with may participate in this preparatory work. International, gove nmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IFC c: llaborates closely
with the International Organization for Standardization (ISO) in accordance with ¢ ndiucs determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nea'.,;»as , ~ssible, an international
consensus of opinion on the relevant subjects since each technical comm. ‘ee 1.as representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationea’ us2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ei.z .. that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th: way ‘n which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Jom. rittees undertake to apply IEC Publications
transparently to the maximum extent possible in their r~tio. al and regional publications. Any divergence
between any IEC Publication and the corresponding natical or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access ‘o IET marks of conformity. IEC is not responsible for any
services carried out by independent certificatiori L0 es.

All users should ensure that they have the 'ctesc~dition of this publication.

No liability shall attach to IEC or its directurs. employees, servants or agents including individual experts and
members of its technical committees a» 1 I[EC National Committees for any personal injury, property damage or
other damage of any nature whatsu eve. whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the puvicaion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the ior ative references cited in this publication. Use of the referenced publications is
indispensable for the corre ~t application of this publication.

Attention is drawn t< the nossibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC sha ' nc. be held responsible for identifying any or all such patent rights.

International . staxdard IEC 60076-10 has been prepared by IEC technical committee 14:
Power trancforners

This _second edition cancels and replaces the first edition published in 2001 and constitutes a
technica: revision.

This edition includes the following significant technical changes with respect to the previous
eaition:

additional useful definitions introduced;
definition of distribution type transformers introduced for the purpose this standard;
new clause for sound level measurement specification introduced;

requirement for 1/3 octave band measurements introduced for transformers other than
distribution type transformers;


https://www.stdhive.com/standards/iec-60076-10-ed-20-b2016-pdf/

IEC 60076-10:2016 © IEC 2016 -5-

— standard measurement distance changed from 0,3 m to 1 m for transformers other than
distribution type transformers;

— height of measurement surface is now clearly defined to count from the reflecting plane;

— measurement surface formula unified;

— correction criteria for intensity method introduced;

— rules for sound measurements on dry-type reactors introduced;

— figures revised;

— new informative test report templates introduced (Annex B);

— |IEC 60076-10-1 (application guide) revised in parallel providing worthwhile information for
the use of this standard.

The text of this standard is based on the following documents:

FDIS Report on voting

14/846/FDIS 14/849/RVD

Full information on the voting for the approval of this standard can befour.? in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60076 series, publishc:d under the general title Power
transformers, can be found on the IEC website.

The committee has decided that the contents of (his oublication will remain unchanged until
the stability date indicated on the IEC web site 'rder "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

» replaced by a revised edition, ar
* amended.

IMPORTANT — The"~olcur inside’' logo on the cover page of this publication indicates
that it contains co ours which are considered to be useful for the correct
understanding of 1.~ contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

One of many parameters considered when specifying, designing and placing transformers,
reactors and their associated cooling devices is the sound level that the equipment is likely to
emit under defined in-service conditions. This part of IEC 60076 provides the basis for the
specification and test of sound levels.

This standard describes in a logical sequence the loading conditions, how to specify and to
test as well as how to evaluate and report sound levels for the equipment under test. A new
section for the specification of sound levels has been introduced as Clause 5.

For the purpose of this standard, the definition “distribution type transformers” wvas
introduced. This reflects industry’s need to maintain simpler and faster sound measure:2en.s
for this category of transformers.

The new requirement for reporting 1/3-octave band spectra for all sound levels (inc'luding the
background noise) on units for installation in substations reflects the more ont rous conditions
imposed by planning authorities on the purchaser and also the improvced unctionality of
modern instrumentation.

When the sound intensity method was introduced in this standc:d linited experience was
available. During subsequent years of operating this standard lev>is of experience have
significantly increased and necessary changes have becom> evident. The equivalence of the
pressure and the intensity methods has been demonstrated wi' i1 certain test limitations.

The introduction of new validation criteria for “he .inwc.asity method recognises these
limitations. The permissible pressure — intensitv 1>dex AL remains 8 dB however the
difference between measured sound pressure l:vel.-and reported sound intensity level is
limited to 4 dB.

For the pressure method the correction nroceaure for reflections has been enhanced by
recommending the application of frequenc ' uependent K values derived by measurement of
the reverberation time of the test facilit,. Whnere K is derived from absorption coefficients the
table for the average absorption coel. cieats has been rationalised to represent surfaces likely
to be found in the working envirc amunt.

Walk-around procedure an'i roint-by-point procedure are equally applicable. The walk-around
procedure reflects the eelution of working practice allowing more time efficient
measurements mainl o, large units. For distribution type transformers and in special
situations (health and scfety) the point-by-point procedure is more appropriate.

In order to miugote near-field effects the preferred measurement distance is set to 1 m with
exceptions. fo.. distribution type transformers, small test facilities, situations with low
signal-to-noi.= ratio and for health and safety where the distance is maintained at 0,3 m.

Orn= sz = formula for the calculation of the measurement surface area S has been introduced
1 2cavse tie former complexity could only result in differences always smaller than 1 dB.

A figures describing the measurement surface area have been revised to be in accordance
with the enveloping method for sound power determination. The height h is always measured
from the test facility floor regardless of the height of the supports beneath the test object
unless the test object is mounted on a support with a sufficiently large surface acting as
reflecting plane.

Additional figures explain the procedure for the determination of the measurement surface
area and the prescribed contour for a number of configurations of dry-type reactors.
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When using this standard, it is recommended to frequently refer to the corresponding
application guide IEC 60076-10-1:2016 as it promotes understanding with important
background information and helpful details. IEC 60076-10 and IEC 60076-10-1 were revised
in parallel by the same maintenance team resulting in fully aligned documents.
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POWER TRANSFORMERS -

Part 10: Determination of sound levels

1 Scope

This Part of IEC 60076 defines sound pressure and sound intensity measurement methode
from which sound power levels of transformers, reactors and their associated cooling deices
are determined.

NOTE For the purposes of this standard, the term "transformer" frequently means "transformer or ~eactor".

The methods are applicable to transformers, reactors and their cooling devices — c'ther fitted
to or separate from the transformer — as covered by the IEC 60076 and IEC 61378 series.

This standard is primarily intended to apply to measurements made at the ‘acto y. Conditions
on-site can be very different because of the proximity of objects, incl»ding cther transformers.
Nevertheless, this standard is applied to the extent possible for on-:ite 1 1easurements.

2 Normative references

The following documents, in whole or in part, are nc:ma‘ive.;, referenced in this document and
are indispensable for its application. For dated refere.ce., only the edition cited applies. For
undated references, the latest edition of t'ie reerenced document (including any
amendments) applies.

IEC 60076-1:2011, Power transformers — Rai* 1. General
IEC 60076-8:1997, Power transformers - Part 8: Application guide

IEC 61043:1993, Electroacoustics — Instruments for the measurement of sound intensity —
Measurements with pairs of nrresct re sensing microphones

IEC 61672-1, Electroacu Istits — Sound level meters — Part 1: Specifications
IEC 61672-2, Electrccrustics — Sound level meters — Part 2: Pattern evaluation tests

ISO 338272:2.08, Acoustics — Measurement of room acoustic parameters - Part 2:
Reverberaticn tine in ordinary rooms

ISD 571¢:2010, Acoustics — Determination of sound power levels and sound energy levels of
nniso. sources using sound pressure — Survey method using an enveloping measurement
su:face over a reflecting plane

ISO 9614-1:1993, Acoustics — Determination of sound power levels of noise sources using
sound intensity — Part 1: Measurement at discrete points

ISO 9614-2:1996, Acoustics — Determination of sound power levels of noise sources using
sound intensity — Part 2: Measurement by scanning
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