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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -
Part 10-1: Determination of sound levels — Application guide

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization cc mpr.ing
all national electrotechnical committees (IEC National Committees). The object of IEC is to p.~mo =
international co-operation on all questions concerning standardization in the electrical and electronic .’elds To
this end and in addition to other activities, IEC publishes International Standards, Technice' Sj =cific ~tions,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referr. 1 tc 25 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commit. e interested
in the subject dealt with may participate in this preparatory work. International, gove-nmenta: and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC c)llaborates closely
with the International Organization for Standardization (ISO) in accordance with conai>''s determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as near" as ~ousible, an international
consensus of opinion on the relevant subjects since each technical comm ‘{ee | as representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internationc! us= and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to e. s =~ that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National “omnnittees undertake to apply IEC Publications
transparently to the maximum extent possible in their natichal «nd regional publications. Any divergence
between any IEC Publication and the corresponding natio‘ial or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certificatior. bac’es.

6) All users should ensure that they have the latec* e dition of this publication.

7) No liability shall attach to IEC or its'dire 't~rs, employees, servants or agents including individual experts and
members of its technical committees ad .7 National Committees for any personal injury, property damage or
other damage of any nature whats. eve . whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the pullicaion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Mor. atiy e references cited in this publication. Use of the referenced publications is
indispensable for the corr. =t appiication of this publication.

9) Attention is drawn tc the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shc'l no be held responsible for identifying any or all such patent rights.

This consoliua.~d version of the official IEC Standard and its amendment has been
prepared for .ser convenience.

IEC 60176-10-1 edition 2.1 contains the second edition (2016-03) [documents
14,24,,5)1S and 14/850/RVD] and its amendment 1 (2020-11) [documents 14/1037/CDV
«ad 14/1047/RVC].

Ti.is Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.
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International Standard IEC 60076-10-1 has been prepared by technical committee 14: Power
transformers.

This second edition constitutes a technical revision.

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

a) extended information on sound fields provided;

b) effect of current harmonics in windings enfolded;

c¢) updated information on measuring methods sound pressure and sound intensity given,

d) supporting information on measuring procedures walk-around and point-by-point give: -

e) clarification of A-weighting provided;

f) new information on frequency bands given;

g) background information on measurement distance provided;

h) new annex on sound-built up due to harmonic currents in windings intraducc 1.

This standard is to be read in conjunction with IEC 60076-10.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

The committee has decided that the contents of t'ie ba.e publication and its amendment will
remain unchanged until the stability date i~dicated on the IEC web site under
"http://webstore.iec.ch"” in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition; or

e amended.

IMPORTANT - The 'coiour inside’' logo on the cover page of this publication indicates
that it contains cu.lours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour prirter.
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POWER TRANSFORMERS -

Part 10-1: Determination of sound levels — Application guide

1 Scope

This part of IEC 60076 provides supporting information to help both manufacturers and
purchasers to apply the measurement techniques described in IEC 60076-10. Beside~ the
introduction of some basic acoustics, the sources and characteristics of transform>r <nd
reactor sound are described. Practical guidance on making measurements is givan, anu
factors influencing the accuracy of the methods are discussed. This application auiao aiso
indicates why values measured in the factory may differ from those measured in ¢ :rvice

This application guide is applicable to transformers and reactors toge her with their
associated cooling auxiliaries.

2 Normative references

The following documents, in whole or in part, are normativel, re ferenced in this document and
are indispensable for its application. For dated references..on. ' tne edition cited applies. For
undated references, the Ilatest edition of the ~referencea document (including any
amendments) applies.

IEC 60076-10:2016, Power transformers — Part 1C: De‘ermination of sound levels

3 Basic physics of sound

3.1 Phenomenon

Sound is a wave of pressure variaticn (in air, water or other elastic media) that the human ear
can detect. Pressure variation= trovel through the medium (for the purposes of this document,
air) from the sound source *0 ‘he nstener’s ears.

The number of cyclic prossure variations per second is called the ‘frequency’ of the sound
measured in hertz, 'Hz. A specific frequency of sound is perceived as a distinctive tone or
pitch. Transformer ‘hom’ is low in frequency, typically with fundamental frequencies of 100 Hz
or 120 Hz, whi'c.a whis'e is of higher frequency, typically above 3 kHz. The normal frequency
range of Feaiing 1ur a healthy young person extends from approximately 20 Hz to 20 kHz.

3.2 Sound pressure, p

The root-i.nean-square (r.m.s.) of instantaneous sound pressures over a given time interval at
a zpecificiocation is called the sound pressure. It is measured in pascal, Pa.

Sound pressure is a scalar quantity, meaning that it is characterised by magnitude only.

The lowest sound pressure that a healthy human ear can detect is strongly dependent on
frequency; at 1 kHz it has a magnitude of 20 uPa. The threshold of pain corresponds to a
sound pressure of more than a million times higher, 20 Pa. Because of this large range, to
avoid the use of large numbers, the decibel scale (dB) is used in acoustics. The reference
level for sound pressure for the logarithmic scale is 20 uPa corresponding to 0 dB and the
20 Pa threshold of pain corresponds to 120 dB.
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