This is a preview - click here to buy the full publication

INTERNATIONAL
STANDARD

IEC
60076-10-1
First edition
2005-10

Power transformers –
Part 10-1:
Determination of sound levels –
Application guide

This English-language version is derived from the original
bilingual publication by leaving out all French-language
pages. Missing page numbers correspond to the Frenchlanguage pages.

Reference number
IEC 60076-10-1:2005(E)

This is a preview - click here to buy the full publication

INTERNATIONAL
STANDARD

IEC
60076-10-1
First edition
2005-10

Power transformers –
Part 10-1:
Determination of sound levels –
Application guide

 IEC 2005 Copyright - all rights reserved
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 the publisher.
International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

Commission Electrotechnique Internationale
International Electrotechnical Com m ission
Международная Электротехническая Комиссия

PRICE CODE
For price, see current catalogue

X

This is a preview - click here to buy the full publication

60076-10-1  IEC:2005

–3–

CONTENTS
FOREWORD...........................................................................................................................7
1

Scope ............................................................................................................................. 11

2

Normative references ..................................................................................................... 11

3

Basic physics of sound ................................................................................................... 11

4

3.1 Sound pressure, p ................................................................................................. 11
3.2 Particle velocity, u ................................................................................................. 13
3.3 Sound intensity, I .................................................................................................. 13
3.4 Sound power, W .................................................................................................... 13
3.5 Sound fields .......................................................................................................... 15
Sources and characteristics of transformer and reactor sound ........................................ 17

5

4.1 General ................................................................................................................. 17
4.2 Sources ................................................................................................................. 17
4.3 Vibration transmission ........................................................................................... 27
4.4 Sound radiation ..................................................................................................... 29
Measuring principles ...................................................................................................... 29

6

5.1 General ................................................................................................................. 29
5.2 Sound pressure level measurement....................................................................... 31
5.3 Sound intensity measurements .............................................................................. 31
5.4 Guidance on narrow-band measurements.............................................................. 33
Comparison of measuring methods................................................................................. 39

7

6.1 General ................................................................................................................. 39
6.2 Sensitivity of the sound pressure method to the test environment .......................... 41
6.3 Sensitivity of the sound intensity method to test environment ................................ 43
6.4 Guidance on method selection .............................................................................. 47
Practical aspects of making sound measurements .......................................................... 47

8

7.1 General ................................................................................................................. 47
7.2 Orientation of the test object ................................................................................. 47
7.3 Number of measurement points on a measuring surface........................................ 47
7.4 Choice of microphone spacer for sound intensity measurements ........................... 49
7.5 Impact of background noise on sound intensity measurements .............................. 51
7.6 Measurements in the presence of sound-proofing screens .................................... 53
Difference between factory tests and field sound level measurements ............................ 53
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11

General ................................................................................................................. 53
Load power factor ................................................................................................. 53
Load current .......................................................................................................... 55
Operating voltage .................................................................................................. 55
Operating temperature .......................................................................................... 55
Harmonics in the load current and voltage ............................................................. 57
DC magnetization .................................................................................................. 57
Effect of remanent flux .......................................................................................... 57
Sound level build-up due to reflections .................................................................. 57
Influence of distance when making on-site measurements..................................... 59
Converter transformers with saturable reactors and/or interphase
transformers .......................................................................................................... 59

This is a preview - click here to buy the full publication

60076-10-1  IEC:2005
9

–5–

Specifying transformer and reactor sound levels............................................................. 61
9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

General ................................................................................................................. 61
Guarantee sound levels......................................................................................... 61
Choice of test method ........................................................................................... 63
Load conditions ..................................................................................................... 65
Auxiliary cooling equipment ................................................................................... 67
Voltage regulation ................................................................................................. 67
On-site operating conditions .................................................................................. 67
Example noise specification for power transformer and cooling auxiliaries
(see Annex A) ....................................................................................................... 67
Example noise specification for a distribution transformer (see Annex B) .............. 69

Annex A (informative) Worked example: Power transformer with cooling auxiliaries
mounted on a separate structure >3 m from the principal radiating surface of the
transformer – Sound power level determined via sound pressure method ............................. 71
Annex B (informative) Worked example: Distribution transformer, sound power
determined via time-synchronous sound intensity method ..................................................... 91
Figure 1 – Example curves showing relative change in length for one type of core
lamination during complete cycles of applied 50 Hz a.c. induction up to different peak
flux densities B max = 1,2 T – 1,9 T ....................................................................................... 19
Figure 2 – Induction (smooth line) and relative change in lamination length (dotted) as
a function of time due to applied a.c. induction: 1,8 T, 50 Hz – no d.c. bias........................... 21
Figure 3 – Example curve showing relative change in lamination length during one
complete cycle of applied a.c. induction with a small d.c. bias: 1,8 T, 50 Hz and
0,1 T, 0 Hz ............................................................................................................................ 21
Figure 4 – Induction (smooth line) and relative change in lamination length (dotted) as
a function of time due to applied a.c. induction with a small d.c. bias: 1,8 T, 50 Hz and
0,1 T, 0 Hz ............................................................................................................................ 23
Figure 5 – Sound level increase with d.c. current in the windings .......................................... 23
Figure 6 – Typical load current sound spectrum measured under short-circuit
conditions ............................................................................................................................. 25
Figure 7 – Microphone arrangement ..................................................................................... 33
Figure 8 – Test environment ................................................................................................. 41
Figure 9 – Distribution of disturbances to sound pressure in the test environment................. 43
Figure 10 – Sketch of dry-type transformer showing measurement points ............................. 49
Figure 11 – Illustration of background sound passing through test area and sound
radiated from the test object. Microphone pair positions indicated by open
(microphone A) and full (microphone B) circles ..................................................................... 51
Table 1 – Values of A-weighting as a function of frequency................................................... 37

This is a preview - click here to buy the full publication

60076-10-1  IEC:2005

–7–

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 comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and nongovernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.
2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.
3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure 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 Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.
5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.
6) All users should ensure that they have the latest edition of this publication.
7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.
8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.
9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60076-10-1 has been prepared by technical committee 14: Power
transformers.
This standard is to be read in conjunction with IEC 60076-10.
The text of this standard is based on the following documents:
FDIS

Report on voting

14/505/FDIS

14/513/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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IEC 60076 consists of the following parts, under the general title Power transformers:
Part 1:

General

Part 2:

Temperature rise

Part 3:

Insulation levels, dielectric tests and external clearances in air

Part 4:

Guide to the lightning impulse and switching impulse testing – Power transformers
and reactors

Part 5:

Ability to withstand short circuit

Part 6:

Reactors (under consideration)

Part 7:

Loading guide for oil-immersed power transformers

Part 8:

Application guide

Part 10:

Determination of sound levels

Part 10-1: Determination of sound levels – Application guide
Part 11:

Dry-type transformers

Part 12:

Loading guide for dry-type power transformers (under consideration)

Part 13:

Self-protected liquid filled transformers

Part 14:

Design and application of liquid-immersed power transformers using hightemperature insulation materials

Part 15:

Gas-filled-type power transformers (under consideration).

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated 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
•
•
•
•

reconfirmed;
withdrawn;
replaced by a revised edition, or
amended.
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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 apply the measurement techniques described in IEC 60076-10. The sources and
characteristics of transformer and reactor sound are described. Practical guidance on making
measurements is given, and factors that may influence the accuracy of the methods are
discussed. This application guide also clarifies those factors which should be agreed between
manufacturer and purchaser when specifying a transformer or reactor, and indicates why
values measured in the factory may differ from those measured on site.
This application guide is applicable to transformers and reactors together with their
associated cooling auxiliaries.

2

Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.
IEC 60076-10:2005, Power transformers – Part 10: Determination of sound levels

3
3.1

Basic physics of sound
Sound pressure, p

Sound may be defined as any pressure variation (in air, water or other elastic media) that the
human ear can detect. The pressure variations travel through the medium (for the purposes of
this document, air) from the source of the sound to the listener’s ears. The number of cyclic
pressure variations per second is called the ‘frequency’ of the sound, and is measured in
hertz (Hz). The frequency of a sound produces its own distinctive tone or pitch. A transformer
‘hum’ is low frequency, fundamentally 100 Hz or 120 Hz, while a whistle is high frequency,
typically above 3 kHz. The normal range of hearing for a healthy young person extends from
approximately 20 Hz to 20 kHz.
A further characteristic used to describe a sound is the amplitude of the pressure fluctuations
which is measured in pascals (Pa). The weakest sound that a healthy human ear can detect is
strongly dependent on frequency; at 1 kHz it has an amplitude of 20 µPa. The threshold of
pain corresponds to a sound pressure of more than a million times higher. Therefore, to avoid
the use of large numbers, the decibel scale (dB) is used.

