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Foreword
The text of document 87/357/FDIS, future edition 2 of IEC 60565, prepared by IEC TC 87, Ultrasonics,
was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as EN 60565 on
2006-12-01.

The following dates were fixed:
— latest date by which the EN has to be implemented

at national level by publication of an identical
national standard or by endorsement (dop) 2007-09-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2009-12-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60565:2006 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Title EN/HD Year

IEC 60050-801 B International Electrotechnical Vocabulary - -
(Clﬁzz)ter 801: Acoustics and electroacoustics

IEC 60500 1974  IEC standard hydrophone - -

IEC 60866 1987  Characteristics and calibration of - -

hydrophones for operation in the frequency
range 0,5 MHz to 15 MHz

D Undated reference.
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1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

UNDERWATER ACOUSTICS - HYDROPHONES -
CALIBRATION IN THE FREQUENCY RANGE
0,01 Hz TO 1 MHz

FOREWORD

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 non-
governmental 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.

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.

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.

In order to promote international uniformity, JEC National , Committees undertake to apply IEC Publications
transparently to the maximum exient possiblecin 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.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared'to’be ‘in‘c¢onformity-with-an“|EC Publication.

All users should ensure that they have the latest edition of this publication.

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.

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.

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 60565 has been prepared by IEC technical committee 87:
Ultrasonics.

This second edition cancels and replaces the first edition published in 1977 and its first
supplement IEC 60565A (1980). This edition constitutes a technical revision. The significant
technical changes with respect to the previous edition are as follows:

updating of procedures to reflect the use of digital acquisition and signal processing
techniques as opposed to the analogue techniques described in the first edition;

inclusion of more detailed information regarding the preparation of hydrophones for
measurement, and the influences of environmental conditions on hydrophone calibration;

revision of procedures for magnitude calibration of hydrophone response by the method of
three-transducer spherical-wave reciprocity;

inclusion of procedures for phase calibration into the method of three-transducer
spherical-wave reciprocity;
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revision of procedures for calibration of hydrophones by the comparison methods;

inclusion of procedures for low frequency hydrophone calibration utilising the method of
hydrostatic excitation;

revision of the procedures for low frequency hydrophone calibration utilising the method of
piezoelectric compensation;

inclusion of procedures for low frequency hydrophone calibration utilising the method of
coupler reciprocity;

revision of the procedures for low frequency hydrophone calibration utilising the
pistonphone method;

revision of procedures for low frequency hydrophone calibration utilising the method of
vibrating column (previously issued as a supplement to the standard);

deletion of Appendix A of first edition (transfer impedance by substitution method) since
method no longer used;

deletion of Appendix B of first edition (transfer impedance by direct read-out method)
since method no longer used;

retention of Appendix C of first edition, but now substantially updated and included as
Annex C (informative);

retention of Appendix D of first edition, now included as Annex A (informative);

addition of new Annex B describing methods for accounting for electrical loading of
hydrophones by pre-amplifiers;

addition of new Annex D .describingitheyassessmentb ofiuncertaintyin free-field hydrophone
calibrations;

addition of new Annex E describihglan:equivalenttelectrical circuit of the excitation system
for calibration with a vibrating column.

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

FDIS Report on voting
87/357/FDIS 87/360/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.

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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UNDERWATER ACOUSTICS — HYDROPHONES -
CALIBRATION IN THE FREQUENCY RANGE
0,01 Hz TO 1 MHz

1 Scope

This International Standard specifies methods for calibration of hydrophones or reversible
transducers when used as a hydrophone, particularly in the frequency range from 0,01 Hz to
1 MHz. Rules for the presentation of the calibration data are established.

2 Normative references

The following referenced data 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 60050-801, International Electrotechnical Vocabulary - Chapter 801: Acoustics and
electroacoustics

IEC 60500:1974, IEC Standard“hydrophone

IEC 60866:1987, Characteristics’ “and “calibration “of "hydrophones for operation in the
frequency range 0,5 MHz to 15 MHz

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

3.1

angular deviation loss

sensitivity level of the transducer on the principal axis minus the sensitivity level of the
transducer for a specified direction

[IEV 801-25-69]

3.2
co-ordinate system
system used to designate the directivity pattern of the transducer
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+Z

+Y
IEC 1994/06

Figure 1 — Left-hand co-ordinate system

Line transducer: central line of symmetry along the Z-axis;
Dipole transducer: both components equidistant from the origin, along the +Z and —Z axis;
Piston transducer: piston plane in ZOY-plane; principal axis along X-axis.

NOTE 1 The terms ’horizontal directivity pattern’ and ’'vertical directivity pattern’ are often used for representation
of directivity in the XY- and XZ- (or YZ-) planes respectively.

NOTE 2 See Annex A, [1]7, [2].

33

coupler

apparatus comprising a rigid fluid-filled chamber of small dimensions into which transducers
and hydrophones canjbe inserted

3.4

diffraction factor

ratio of the average pressure over the;part ofthe hydrophone designed to receive sound to
the free-field sound,pressure thatiwould exist at.the referenceccentre of the hydrophone

3.5

directional response

description, generally presented graphically, of the response of an electro-acoustic
transducer, as a function of the direction of propagation of the radiated or incident sound in a
specified plane through the reference centre and at a specified frequency

NOTE See Annex A.

3.6

dynamic range

ratio of the maximum free field sound pressure that produces an undistorted hydrophone
output to the equivalent noise pressure at the hydrophone

3.7

electrical impedance of a transducer

complex ratio of the instantaneous voltage applied across the electrical terminals of a
transducer at a given frequency, to the resulting instantaneous current

NOTE 1 The unit is the ohm, Q.

NOTE 2 Because the electrical impedance depends on the field conditions, the hydrostatic pressure, water
temperature and the length of the cable attached to the transducer, these parameters, as well as the frequency and
the electrical terminals where the electrical impedance is measured should be specified.

1 Numbers in square brackets refer to the bibliography
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3.8

electrical terminals of a reciprocal transducer

terminals across which the open circuit hydrophone voltage , as well as the projector current
are measured

NOTE If the transducer is immersed in water, the electrical terminal with the lowest electrical impedance with
respect to water is called the 'low terminal’. Consequently, the other electrical terminal is called the ‘high terminal’.

3.9
electrical transfer impedance magnitude
magnitude of the electrical transfer impedance of a transducer pair

NOTE The unit is the ohm, Q.

3.10

electrical transfer impedance of a transducer pair

complex ratio of the open circuit instantaneous voltage U, across the hydrophone electrical
terminals to the instantaneous current /, through the projector, if projector and hydrophone
are mounted in a free field with their principal axes in line and directed towards each other

UH

NOTE1 Zpy =
IP

(1)

NOTE 2 The unit is the ohm, Q.

NOTE 3 The electrical transfer-impedance’is-a complex'quantity. I[t"has both real’and imaginary components and
can be represented as a magnitude |ZPH| times,a-phase term exp (j(p), where @ is the phase angle between the
real and imaginary impedance components.

NOTE 4 The definition of principal axis is given,in 3,23.

NOTE 5 See 7.5.

3.1

equivalent noise pressure

sound pressure applied at the hydrophone to cause a voltage at the hydrophone electrical
terminals, in the absence of noise, that is equal to the noise voltage present at the same
electrical terminals when the sound pressure is absent

NOTE When the equivalent noise pressure cannot be measured, it can be calculated from the equivalent series
resistance [2].

3.12

far field

sound field at a distance from the sound source where the instantaneous values of sound
pressure and particle velocity are substantially in phase

NOTE 1 In the far field, the sound pressure appears to be spherically divergent from a point on or near the
radiating surface. Hence, the pressure produced by the sound source is inversely proportional to the distance from
that source.

NOTE 2 For all practical calibrations, the separation distance between the sound source and the point where the
pressure is measured is sufficiently large that the sound pressure is measured in the far field of the source.

3.13

free field

sound field in a homogeneous and isotropic medium in which the effects of the boundaries are
negligible
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