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INTERNATIONAL ELECTROTECHNICAL COMMISSION

UNDERWATER ACOUSTICS - CALIBRATION OF ACOUSTIC WAVE
VECTOR RECEIVERS IN THE FREQUENCY RANGE 5 Hz TO 10 kHz

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, 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.

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 certification bodies.

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.

IEC draws attention to the possibility that the implementation of this document may involve the use of
(a) patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights
in respect thereof. As of the date of publication of this document, IEC had received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 63305 has been prepared by IEC technical committee 87: Ultrasonics. It is an International
Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

87/839/FDIS 87/843/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

NOTE Words in bold in the text are defined in Clause 3.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Unlike traditional piezoelectric hydrophones which are sensitive to sound pressure, vector
receivers measure sound particle motion (velocity, acceleration or displacement) or sound
pressure gradient, and have strongly directional response in their working frequency range.
The calibration of these vector receivers which measure sound particle motion or sound
pressure gradient is considered in this document.

The output voltage of a vector receiver channel to be calibrated is proportional to the sound
particle motion or sound pressure gradient at the reference centre of the receiver. The
directivity of the vector receiver channel is independent of acoustical frequency, and the ratio
of the output voltage of the receiver channel at angle ¢ to the maximum output voltage on the

axial direction is equal to |cosd)| [111.

Recent developments of acoustic wave vector receivers for ocean acoustics, such as those
that measure sound particle velocity, have led to a number of commercial systems being
made available on the market. In addition to providing sensors which possess some useful
directivity for low-frequency applications, they are increasingly used for measurement of
underwater noise exposure for marine fauna that are sensitive to sound particle motion rather
than sound pressure (for example, fish and invertebrates). However, calibration of such sensors
poses technical challenges, and is not covered by the existing international standards such as
IEC 60565 [2], [3]. Building on work begun in China and Russia [4], where a successful bilateral
comparison has recently been concluded, this work establishes an International Standard on
calibration of vector receivers in the frequency range 5 Hz to 10 kHz.

T Numbers in square brackets refer to the Bibliography.
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UNDERWATER ACOUSTICS - CALIBRATION OF ACOUSTIC WAVE
VECTOR RECEIVERS IN THE FREQUENCY RANGE 5 Hz TO 10 kHz

1 Scope

Usually, acoustic wave vector receivers are designed and constructed based on one of two
principles. One is the sound pressure difference (gradient) principle. When measuring with this
sensor, the vector receiver is rigidly fixed on a mount and supported in water. The other is the
co-vibrating (inertial) principle. When measuring with this sensor, the vector receiver is
suspended on a mount and supported in water in a non-rigid manner, which allows the vector
receiver co-vibrate in the same direction as the sound particle in the sound wave field.

Many methods have been used to calibrate vector receivers, such as free-field calibration,
calibration in standing wave tube and calibration in a travelling wave tube. This document
specifies methods and procedures for calibration of vector receivers in the frequency range
5 Hz to 10 kHz, which are applicable to vector receivers based on the two different principles.
In addition, it describes an absolute method of inertial vector receiver calibration in air using
optical interferometry.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 60500:2017, Underwater acoustics — Hydrophones — Properties of hydrophones in the
frequency range 1 Hz to 500 kHz

IEC 60565-1:2020, Underwater acoustics — Hydrophones — Calibration of hydrophones, Part 1:
Procedures for free-field calibration of hydrophones

ISO 80000-8:2020, Quantities and units — Part 8: Acoustics
ISO 18405:2017, Underwater acoustics — Terminology

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60500:2017,
IEC 60565-1:2020, ISO 80000-8:2020, 1ISO 18405:2017 and the following apply.

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

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp





