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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - HYDROPHONES -

2022

Part 3: Properties of hydrophones for ultrasonic fields-up-te-40-MHz

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. Ao this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Techhical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interns
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internationalN\use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible forsthe“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pyblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.
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IEC 62127-3 has been prepared by IEC technical committee 87: Ultrasonics. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2007 and
Amendment 1:2013. This edition constitutes a technical revision.

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

a) The upper frequency limit of 40 MHz has been removed.

d) Requirements on the frequencies for which the effective hydrophone size shall be proyided
hhve been changed to achieve practicality for increased frequency bands.

e) The new Annex B and Annex C have been added.
f) Annex A has been updated to reflect the changes of the normative ‘parts.

The fext of this International Standard is based on the following(deocuments:

Draft Report on voting

87/818/FDIS 87/824/RVD

Full information on the voting for its approval can pe found in the report on voting indicated in
the apove table.

The language used for the development of this International Standard is English.

This |[document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in
accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable
at wyvw.iec.ch/members_experis/refdocs. The main document types developed by IEC are
descfibed in greater detail at \www.iec.ch/publications.

A list of all parts of YEC 62127 series, published under the general title Ultrasonlcs —
Hydrpphones, can be found on the IEC website.

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

The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability’ date indicated on the IEC website under webstore.iec.ch in the data related tp the
speclific.document. At this date, the document will be

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

e amended.

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

The spatial and temporal distribution of acoustic pressure in an ultrasonic field in a liquid
medium is commonly determined using miniature ultrasonic hydrophones. The properties of
these hydrophones have been dealt with in a number of IEC standards in various aspects. The
purpose of this document is to bring together all these specifications and to establish a common
standard on the properties of ultrasonic hydrophones. The main hydrophone application in
this context is the measurement of ultrasonic fields emitted by medical diagnostic equipment in
water. Other medical applications are field measurements for therapy equipment such as that
used in lithotripsy, high-intensity focused ultrasound (HIFU) and physiotherapy. Hydrophones
are also used extensively in non-medical applications for both product development and quality
control including:

— mapping of the ultrasound field within ultrasonic cleaning baths;

— characterization of acoustic fields used in transmission measurement sydgtems
(8.g. ultrasonic spectrometers, ultrasonic attenuation meters and velocimeters);

— characterization of acoustic fields used in reflection measurement systems (e.g. Doppler
flowmeters).

Whilg the term hydrophone can be used in a wider sense, it is undérstood here as referring to
minidture piezoelectric hydrophones. It is this instrument type-that is used today in vafrious
areas$ of ultrasonics and, in particular, to quantitatively characterize the field structure of
medital diagnostic instruments. With regard to other pressuté sensor types, such as tfhose
basefd on fibre optics, some of the requirements of this, document are applicable to these as
well but others are not. If in the future these other hydrophone types gain more importance in
field Imeasurement practice, their properties will haye\to be dealt with in a revised versipn of
this Jocument or in a separate one.

Undgrwater hydrophones as covered by IECZ60500, IEC 60565-1, and IEC 60565-2 arg not
inclugled in this document, although there is>an overlap in the frequency ranges. Underyater
hydrpphones are used in natural waters,:even in the ocean, and this leads to different technical
concepts and requirements. In addition)the main direction of acoustic incidence in underyater
applications is-typieally at various_angles and often at right angles to the hydrophone pxis,
wherpas in this document it is assumed that the main direction of acoustic incidence is ip the
direcfion of the hydrophone axis:

@ d
D
]
®
o8
C'_) q
®
+h
-
O 6
5
P
®

sansg t n a d i a S

SehRsS P R ) A—oe Hea—H— gy SHae = th Y

addititonal nhase infareation which however is onlvy nossible if tha nhase charactaristics of

G CHIO P AaSeHHOFIAHON; HCHOWeVe 15 o0y PoSSioeH e PRaSeCRalaCtedASHECS Ot

the hvdronhone Sva heaen determined durina ecalihration In thic ctandard therdfore

te—myaropnohes\iave—oee ceterRec—Caurhg—GCaHdiado t tHHS—S R eaFa—tergtofre;
o - ayal -. ala N ala - N al all‘l

a

Histarieally, ultrasonic hydrophones were used almost exclusively as amplitude senfsors.
However, the complex-valued nature of a hydrophone’s system response function isl well
understood and IEC 62127-1:2022 makes use of this within the deconvolution procedures it
contains. In this document, requirements are specified for the amplitude aspect of the
hydrophone sensitivity and recommendations are provided for the phase aspect which can be
derived either via calibration, or via calculation methods that are discussed in

IEC 62127-1:2022.
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1

ULTRASONICS - HYDROPHONES -

Part 3: Properties of hydrophones for ultrasonic fields-up-te-40-MHz

Scope

This part of IEC 62127 specifies relevant hydrophone characteristics.

This document is applicable to:

2

hydrophones employing piezoelectric sensor elements, designed to measure’the p
ahd continuous wave ultrasonic fields generated by ultrasonic equipment;

hydrophones used for measurements made in water;

hydrophones with or without an associated pre-amplifier.

ormative references

The following documents are referred to in the text in such away that some or all of their co

con
For

stitutes requirements of this document. For dated referénces, only the edition cited ap
undated references, the latest edition of the~referenced document (including

amendments) applies.

IEC 62127-1, Ultrasonics — Hydrophones — Part 1: Measurement and characterizatiq

medital ultrasonic fields-up-to-40-MHz

IEC 62127-2, Ultrasonics — Hydrophone§8— Part 2: Calibration for ultrasonic fields up to 40

3

For

Terms, definitions and symbols

the purposes of this document, the terms and definitions given in IEC 62127-1, IEC 621

and the following apply.

ISO Ind IEC maintain terminological databases for use in standardization at the folld

addr

3.1

SSes:

BEC Electrepedia: available at http://www.electropedia.org/

$Q/Online browsing platform: available at http://www.iso.org/obp

ilsed

ntent
Dlies.
any

n of

MHz

27-2

wing

acoustic pulse waveform
temporal waveform of the instantaneous acoustic pressure at a specified position in an
acoustic field and displayed over a period sufficiently long to include all significant acoustic
information in a single pulse or tone-burst, or one or more cycles in a continuous wave

Note 1 to entry:

instantaneous acoustic pressure.

[SOURCE: I[EC 62127-1:2022, 3.1]

Temporal waveform is a representation (e.g. oscilloscope presentation or formula) of the
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3.2

directional response

description;—generaly-presented-graphically; of the response of a hydrophone, as a function
of direction of propagation of the incident plane sound wave, in a specified plane through the
reference centre and at a specified frequency

Note 1 to entry: Although directional response is a complex-valued function, it is generally the modulus of
directional response that is of most interest and this is commonly presented graphically.

[SOURCE: IEC 60565:2006, 3.5, modified — In the definition, ", generally presented
graphically," has been deleted; "electro-acoustic transducer" has been replaced by
"hydraphone"; and "radiated or incident sound" has been replaced by "incident plane sound
wavg,".]

3.3
effedtive hydrophone-radius size
Aprdh37 e

radivs—ofa-stiff-dise size of a theoretical receiver hydrophone that hasra predicted direct{onal
resppnse function with an angular width equal to the observed angular Width

Note {1 to entry: The-radius size is usually a function of frequency. Forirepresentative experimental data, seg [1].

Note 3 to entry: The effective hydrophone size is expressed in‘\metres (m).
Note J to entry: For hydrophones with a circular geometry, the effective hydrophone size is a radius.

Note 4 to entry: For hydrophones with a rectangular gégmetry, the effective hydrophone size is the half |of the
larges}t value of the length or width.

[SOYRCE: I[EC 62127-1:2022, 3.20]

3.4
elecfric load impedance
Z
complex electric input impedance (consisting of a real and an imaginary part) to which the

hydrpphone-or-hydrophone-assembly unit output cable is connected or is intended {o be

conngcted

Note {1 to entry: Thelelectric load impedance is expressed in ohms (Q).

[SOYURCE: _\}EC 62127-1:2022, 3.22]

3.5

end-of-cable

<hydrophone or hydrophone assembly with integral output cable> relating to the end of the
integral output cable
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3.6

end-of-cable

<hydrophone or hydrophone assembly without integral output cable> relating to the output
connector firmly connected with the hydrophone or hydrophone assembly and not to an extra
cable

3.7
end-of-cable loaded sensitivity

<of alhydrophone or hydrophone assembly> quotient of the Fourier formed hydrophone

voltape-time signal F(u (f)) at the end of any integral cable q,output connector |of a
hydrpphone or hydrophone assembly, when connected Q; specified electric |load
impedance, to the Fourier transformed acoustic pulse wa rm F(p(z)) in the undistdrbed

free field of a plane wave in the position of the referencé\centre of the hydrophone |f the
hydrpphone were removed (<

_Zfe ()
YD F00) (M

)
.\@
Note ] to entry: The end-of-cable loadedsensitivity is a complex-valued parameter. Its modulus is expresjsed in
units qf volt per pascal (V/Pa), its phase arﬁgs expressed in degrees, and represents the phase difference bgtween
the elgctrical voltage and the sound pr re.
N
3.8 @)

end-pf-cable open-circ it sensitivity
1 bt cabl . %} itivitv_of a_hvd |
M

M(f)
<of a hydrophone> quotient of the Fourier transformed hydrophone open-circuit voltage-time
signal F(u.(z)) at the end of any integral cable or output connector of a hydrophone to the

Fourier transformed acoustic pulse waveform F(p(¢)) in the undisturbed free field of a plane

wave in the position of the reference centre of the hydrophone if the hydrophone were
removed
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Note 1 to entry: The end-of-cable open-circuit sensitivity is a complex-valued parameter. Its modulus is
expressed in units of volt per pascal (V/Pa), its phase angle is expressed in degrees, and represents the phase
difference between the electrical voltage and the sound pressure.

3.9
end-of-cable loaded sensitivity level

LML (f)
<of a hydrophone or hydrophone assembly> twenty times the logarithm to the base 10 of the
quotient of the modulus of the end-of-cable loaded sensitivity || (f)| to a reference sensitivity

M ref

M,
Ly, (f)= 20Iog10|_]\;ﬂ dB (3)

ref

Note ] to entry: Commonly used values of the reference sensitivity M__. are 1 V/uPa orA ¥Y/Pa.

ref

Note 4 to entry: The end-of-cable loaded sensitivity level is expressed in decibgls (dB).

3.10
free field
sounf field in a homogeneous and isotropic medium in which the effects of boundarie$ are
neglipible

[SOYRCE: IEC 60565:2006, 3.13]

3.1

hydrpphone geometrical-radius size

geometrical-radius size of a hydrophone active element

a
g

radiuls size defined by the-dimensionstateral extents of the active element of a hydrophgne

Note {1 to entry: The hydrophone geometrical size is expressed in metres (m).
Note 4 to entry: For hydrophones with a circular geometry, the hydrophone geometrical size is a radius.

Note § to entry: For hydrophones with a rectangular geometry, the hydrophone geometrical size is a half|of the
larges}t value of the length@rwidth.

3.12
hydrpphone

transfducer thiat produces electric signals in response to-waterborne-acoustic-signals pregsure

fluctyations=m water

[SOYREE: IEC 60050-801:2021, 801-32-26]

3.13
hydrophone assembly
combination of hydrophone and hydrophone pre-amplifier

3.14
hydrophone axis
nominal symmetry axis of the hydrophone active element

Note 1 to entry: Unless stated otherwise (explicitly and quantitatively) by the manufacturer, it is understood for the
purposes of this document that this is given by the apparent geometrical symmetry axis of the hydrophone.
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3.15

hydrophone pre-amplifier

active electronic device connected to, or to be connected to, a particular hydrophone and
reducing its output impedance

Note 1 to entry: A hydrophone pre-amplifier requires a supply voltage (or supply voltages).

Note 2 to entry: The hydrophone pre-amplifier may have a forward voltage transmission factor of less than one,
i.e. it need not necessarily be a voltage amplifier in the strict sense.

3.16
reference centre
point e

Note {1 to entry: Unless stated otherwise (explicitly and quantitatively) by the manufacturer, it is undefstood for the
purposges of this document that this is given by the geometrical centre of the front surface of the hydrophone [active
element.

[SOURCE: IEC 60565:2006, 3.25, modified — In the definition, "transducer” has been replaced
by "hlydrophone" and "transmitting responses" has been omitted. The noje has been replaced.]

3.17

uncT}tainty
parameter, associated with the result of a measurement, that characterizes the dispersipn of

the vplues that could reasonably be attributed to the measurand

Note 1 to entry: See ISO/IEC Guide 98-3:2008 [2], 2.2.3.

[SOYRCE: IEC 62127-1:2022, 3.92]

4 List of symbols

aq hydrophone geometrical-radius size

ap effective hydrophone—radius size {(a,3—a,5—With-special-referencetoa-3-¢Bor
5-dB_definition. el

c speed of sound inta-medium

Dy model functign‘used during the determination of effective hydrophone size flom a
measured directional response of a hydrophone

f frequencty

k wayenumber, equal to 2n//

LM,_ (f) end-of-cable loaded sensitivity level

M general symbol for the complex hydrophone sensitivity, M = |M| being its modulus
and arg(M) being its argument (equal to phase angle)

M, M. end-of-cable open-circuit sensitivity

M. M, end-of-cable loaded sensitivity

Zy complex electric output impedance of a hydrophone or hydrophone assembly

Z electric load impedance

0 angle of incidence of an ultrasonic wave with respect to the hydrophone axis—{8;;

Hgwith-specialreference-to-3-dBand-6-dB-defined-levels)
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5 Hydrophone characteristics

5.1 General
For a full characterization of the hydrophone performance in the frequency range of this

document, the following information is required. Examples of information on hydrophone
characteristics are provided in Annex A.

NOTE Determination methods are covered in IEC 62127-2.

5.2 Basic information

The following shall be briefly stated:

— the basic physical principles of the transduction process, the type of sepsor material
involved, the form and geometrical dimensions (diameter, thickness) of the) hydrophone
agtive element and the needle diameter in case of a needle hydrophone;

— the configuration and design of the hydrophone;

hether or not a pre-amplifier is associated with the hydrophone! if. the pre-amplifief can
b disconnected from the hydrophone, clear information shallche*given as to which| pre-
mplifier type belongs to which hydrophone type;

o oS

— the nominal direction of ultrasonic incidence in relation to the-hydrophone.

NOTE| The last point is important, as it has been found in the literature [3]* that even with membrane hydropHones,
the response-might can change upon reversal of the ultrasonic propagation direction in relation to the hydrophone.

The following should be briefly stated:

— the lateral and thickness dimensions of the hydrophone active element;
— the frequency of the fundamental thickness resonance of the hydrophone active elenjent;
— the size and-weight mass of the hydrophone;
— therecommended directional responhse model (see 5.6.2) appropriate for the hydrophone;

— in the case of a membrane hydrophone, the acoustic reflection and transmission factor
(preferably as a function of frequency);

— infformation on preamplifier roll-off at low frequencies outside the hydrophone calibnation
range, if applicable, te.support appropriate calibration data extrapolation in accordancg with
IEC 62127-1:2022

Gendral note relating’to 5.3 and 5.4: if phase information is available, the phase angle (which
equals the argument of the complex hydrophone sensitivity) should be stated in additioncF the
a

sensfitivity (which equals the modulus of the complex hydrophone sensitivity), as well the
frequency sdependence of the phase angle in addition to the frequency dependence of the
sensitivity,

5.3 Sensitivity
The modulus of the end-of-cable sensitivity of the hydrophone or hydrophone assembly shall

be stated in units of volt per pascal (V/Pa) or in decimal submultiples, or as a logarithmic level
in decibels (dB) with reference to a stated sensitivity value.

NOTE 1 Refer to 3.9 regarding the definition of the end-of-cable loaded sensitivity level.

If a pre-amplifier contributes to the sensitivity value given, this shall be stated.

It shall be stated whether the sensitivity value given is understood as the end-of-cable open-
circuit sensitivity or as the end-of-cable loaded sensitivity. In the latter case, the relevant

T Numbers in square brackets refer to the Bibliography.
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electric loading conditions shall be stated, i.e. the electric load impedance, in order to obtain
the stated sensitivity.

The uncertainty of the stated sensitivity shall be given.

The frequency interval over which the sensitivity is given and over which the uncertainty
applies shall be stated. For the purposes of this document, sensitivity and uncertainty values
may be given separately for several frequency intervals.

The methods by which the sensitivity and its uncertainty have been obtained shall be
desctibed

The ffemperature dependence of the sensitivity shall be given. The hydrophone sensitivity|shall
be stated as a function of the water temperature, at least over the temperature range 19 fC to
25 °(@, or the particular water temperature to which the stated sensitivity relates.shall be stated
together with the temperature coefficient of the sensitivity.

A recommended calibration period shall be provided in the instructions for use. |This
recommendation—shal—befollowed; applies unless otherwise stated by specific device
application standards.

NOTE|2 A calibration period of one year will be appropriate in most cases,

The feference centre shall be stated if the sensitivity does-not relate to the geometrical cgntre
of the¢ front surface of the hydrophone active element:

NOTE|3 This is particularly important for any phase considerations.

The direction of acoustic incidence shall bel‘stated if the sensitivity does not relate fo an
incidence in the direction of the hydrophone axis.

5.4 | Frequency response
5.4.1 Stated frequency band

The frequency band claimed for the hydrophone or hydrophone assembly shall be stat¢d by
giving the lower frequency limit and the upper frequency limit. The modulus of the end-of-¢able
sensitivity of the hydrophone or hydrophone assembly shall be constant over the sfated
frequency band with-a-tolerance which shall also be stated.

5.4.2 Frequéncy dependence

The [modutus™ of the end-of-cable sensitivity or sensitivity level of the hydrophone or
hydrpphone assembly as a function of frequency shall be stated either graphically or as|a list
of vglues”and over a frequency range containing at least the frequency band claimed ynder
5.4.1. Tf it is given as a list of values or as discrete points in a graph, the frequency distance
between adjacent points should be low enough so that all important details of the frequency
dependence are shown and the sensitivity level does not vary by more than +1 dB between
adjacent points.

The frequency response may be given in terms of absolute sensitivity values or in a relative
representation, relative with reference to the absolute sensitivity of the hydrophone or
hydrophone assembly at a certain frequency. In the case of the relative representation, the
reference sensitivity and the frequency to which it applies shall be stated.

The phase of the end-of-cable sensitivity may be given as a function of frequency either
graphically or as a list of values.
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The statement of the frequency response shall refer to the same conditions (i.e. loaded or open-
circuit output of the hydrophone or hydrophone assembly) as the sensitivity statement in
accordance with 5.3.

If the uncertainty of the sensitivity values in the frequency response representation differs from
the-general uncertainty assessment of 5.3, this shall be clearly stated and the new or additional

uncertalnty shaII be glven—H—the—#eqﬁeney—Fespense—ks—pﬁe%Med—gﬁaph%aHy—enW—the
HstedT

If the frequency response is given as a list of absolute sensitivity values (end-of-cable, loaded
or oplen-circuit), the sensitivity statement in accordance with 5.3 may be omitted.

NOTE|1 The frequency response-might can depend on the electric load conditions.

NOTE|2 If, in a practical application, the hydrophone or hydrophone assembly is used with subsequent ele¢tronic
compgnents such as an amplifier, oscilloscope, etc., the frequency response of the whole system will also |be, of
course, influenced by the frequency response of these additional components.

5.5 | Directional response
5.5.1 General
Diredtional response, and quantities derived from it, are subjécizto numerous changes relative

to th¢ first edition of IEC 62127-3. Details for the rationale behind these changes can be flound
in Annex B.

5.5.2 Determination of the directional responsé

imits
hted-
Lisri

D

QP

L9

P @
D

«

The dlirectional response ofthe hydrophone shall be stated at a minimum of three frequencies
wherk the lowest and highestfrequencies are as widely separated as possible.

— The lowest frequengy at which the directional response of the hydrophone has |peen
determined should be the lower limit of the frequency band claimed under 5.4.1. If no}, the
r¢ason(s) forevariation shall be stated.

— The highgsKirequency at which the directional response of the hydrophone has |peen
determined should be the upper limit of the frequency band claimed under 5.4.1. If nof, the
r¢ason(s) for variation shall be stated.

NOIE—_Experimental determination of directional response-becomes-increasinagly challenging as frg uency
g g AP [~ ARRES }

increases. Consequently, the highest frequency at which it is practical to determine the directional response
of the hydrophone can be lower than the upper frequency band claimed under 5.4.1. However, effective
hydrophone size becomes asymptotic as frequency increases. Therefore, it is likely that there is negligible
variation in effective hydrophone size at frequencies above the highest frequency at which directional
response has been evaluated.

— The midpoint frequency that is within £15 % of the geometric mean of the lowest and highest
frequencies at which directional response of the hydrophone has been determined is the
third frequency at which the directional response shall be stated. If not, the reason(s) for
variation shall be stated.

— If the hydrophone has a fundamental thickness resonance within range of the lowest and
highest frequencies in this subclause 5.5.2, the directional response at this frequency shall
also be stated. If not, the reason(s) for variation shall be stated.
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The directional response should be measured by rotating the hydrophone about an axis,
which passes through the reference centre and which is perpendicular to the hydrophone
axis, at least from -35° up to +35° (with the hydrophone axis as reference), or at least from
the first left-hand minimum to the first right-hand minimum, whichever of the angular spans is
the-greater smaller. If this method is used, this shall be done twice, namely about two rotational
axes perpendicular to each other. If, in the plane perpendicular to its axis, a hydrophone has
a certain distinct direction (for example that of the electric leads in the case of a membrane
hydrophone), the rotational axes should be in this direction and perpendicular to it. If the active
element is non-circular, one of the rotational axes shall be in the direction of the largest
dimension. The directions of the rotational axes shall be identified on the hydrophone using a

mark

or in the accompanying literature.

ThenguIar increment shall be chosen to ensure that the variation between adjacent poir|1ts in
the directional response is not more than 1 dB.

The measurement of the directional response shall be carried out in-anatmeshplane a q

plang

If the
resp

Each

5.5.3

If, in
maxi
diffen
be st
the h

The s
of —@
maxi
the s

NOTE|
signifi

r wave ultrasonic field.

active element is irregular in shape, or has more than two symmetry axes, the direct
bnse should be measured around additional axes.

of the resulting directional responses obtained from thé-measurements shall be st

Symmetry of directional response

any of the directional response results obtained, the angle between the directi
mum response and the hydrophone axis)is greater than one tenth of the an
ence between the left-hand -6 dB direction and the right-hand -6 dB direction, this
hted and the deviation-of-axis angle shallbe given. The sensitivity level in the directi
ydrophone axis shall be not lower than‘the maximum in any other direction minus 2

ymmetry of any directional response should be such that if a normalized sensitivity
dB occurs for some particuldp direction subtending a certain angle to the directi

ame angle to the directionef maximum sensitivity shall be-withinthe range -6 dB * 3

Problems in field meaSurement practice will arise if the direction of maximum hydrophone response
Cantly with frequency-

uasi-

onal

ated.

bn of
gular
shall
on of
dB.

level
bn of

mum sensitivity (0 dB), then.the sensitivity level measured on the opposite side subtending

dB.

lvaries
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5.6
5.6.1

From
effed

5.6.2

When determining the effective hydrophone size, @gtheoretical model against whic

O
Effective hydrophone size rbq’

4
General /\
N

the directional response results obtained in accordanc%(\]nth 5.5, a value fo
tive hydrophone size shall be derived and stated as fon&g}

. A
Model of directional response Q)

expelimentally determined directional respons Qs being compared shall be stated.
maintain consistency with the first edition of IE 127-3, the default model shall be the
bafflg¢ piston model [see a)1) below] unless cl justification is provided for the choice
alter;Lative model of directional response. Pgs$ible alternative models are given in a)2) tg
and ih b). N

a) F

—_

N

djrectional response are: \O

N

br nominally circular shaped rophone active elements, appropriate mode

rigid baffle piston modelajt
>

. _ 2J[kasin(9)]
O® Dy (k,a,0) _W
@)

soft bq@‘piston model [4]
3
& Dy (k,,0) =

2J;[kasin(0)]

L)

cos(0)

r the

h the

To
rigid
bf an
a)5)

s of

AU OlT I\U}

3) unbaffled piston model

2J;[kasin(0)] 1+cos(0)
kasin(6) 2

Dy (k.a.0) -

4) rigid piston model (for probe, needle and fibre-optic hydrophones) [5]
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b) F

If the
modgl),

5.6.3

The di

featu
rang
by 9n in

Give

0

min

the
the

2J [ka Sin(ﬁ)] ) ik cos(0) gikxsin(0) giks

i 2
kaSIn(H) Ta 4B 27s

Dy (k,a,0) = dAdB

where 4 and B are areas of integration representing the area of the hydrophone active
element and the end of the probe upon which the hydrophone active element is
mounted, and s is the distance between the point of observation and the poi
integration;

N

24 [kasin(8))] cos(@) |[cos2yy (. lg(M.N), <
Du(ka,6) = kasin(6;) 5 {c03292(5 el 72) |lg(M
v
(b.

Further information concerning the terms of this formula is prom@ed in Annex C.

br nominally rectangular shaped hydrophone active eIements(b

{kL sin(0) \Q/C)

. . <
where L is the length of one of the S|de$®the rectangle.

model relies upon one or more pt&@rties of the materials involved (for example the B

the values used for these ng rties shall be stated.

Itting o experlme esponse 1o eoretical predictions
Fitting of :\ﬂ\,l? to theoretical predicti

rectional response expected to exhibit a clear central lobe (possibly with

es such as Iocalmﬁﬁmmlma to either side of the lobe, or off-axis peaks) and the an
used for fittin

<0<04,

@

[ a ce&e) osition of & = 0°, 6);,;; is the minimum of:

qus of the first angle at which the dlrectlonal response curve drops 6 dB g

nt of

acon

bther
gular

| be restricted to that which contains the main lobe only and is deffined

elow

lue of the directional response at 9 = 0°.

35°.

is

defined as —0,;; in the angular range 6 < 0°, and

Omax 1S defined as 6);,;; in the angular range 6 > 0°.

The effective hydrophone size shall be determined as that value of a which minimizes the
sum of the squared residual between the magnitude of the model predictions |Dy(k,a,6)| and

the magnitude of the experimentally determined values [x(6)| of the normalized directional
response. This shall be repeated at each frequency given in 5.5.2.
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‘9m a

S= 3 (x(0)-|Du(kao)f (10)

0=6min

If the active element is nominally circular, the effective hydrophone size shall be given as the
average of the two effective radii obtained at the two orthogonal rotational axes.

If the active element is nominally non-circular, the largest of the effective hydrophone sizes
obtaiped from the various directional responses shall be given as the effective hydrophone
size.

NOTE| The effective hydrophone size is usually a function of the frequency. For representativeexperimentgl data
see Apnex A.

5.7 | Dynamic range, linearity and electromagnetic interference

The xynamic range of the hydrophone or hydrophone assembly, i.e, the pressure amplitude
rang¢ in which the hydrophone or hydrophone assembly can be-Used, shall be stated.

This range shall meet at least the following conditions:

a) np mechanical or electrical damage to the hydrophone.or hydrophone assembly;
b) np output saturation;

c) the output signal shall be above the noise level:

NOTE|1 "Output saturation” means that a non-zero pressure increment at the hydrophone does not leafl to a
voltage change.

NOTE|2 The noise level-might can depend on:electromagnetic interference and-might can thus vary with the
electrgmagnetic conditions at the place of measurement. Ideally, it—might is be possible to give a noisq level
repregenting all other sources of noise except electromagnetic interference.

The [inear range of the hydrophone or hydrophone assembly, i.e. the pressure amplitude
rangI in which the hydrophone-or hydrophone assembly behaves in a linear way according
to the condition below, shall‘\be stated.

The pondition is as _follows. If, on a plot of end-of-cable output voltage against free [field
acouptic pressure amplitude, a straight line can be drawn through the origin in such a way that
over @ certain pressure range the actual voltage values do not deviate from the straight lipe by
more| than +10<%; this range is the linear range of the hydrophone or hydrophone assembly.
This ghall be\the case for any frequency within the frequency band claimed under 5.4.1.

Infor1nation or advice on how to minimize the effects of electromagnetic interference should be
providet:

5.8 Electric output characteristics
5.8.1 Hydrophone without pre-amplifier

The end-of-cable complex electric output impedance, Z,,, of the hydrophone shall be stated
as a function of frequency. This can be done by giving the real and the imaginary part or by
giving the values of the electrical components (such as resistance and capacitance) of an
equivalent network. In the latter case, the type of network shall be clearly stated (e.g. the
resistance being in series or parallel to the capacitance).

The relation between the complex end-of-cable loaded sensitivity and the complex end-of-
cable open-circuit sensitivity will depend on Z,, and Z, and is given by
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M =M. {Z/Z,+ Z)}

with the moduli being given by

[ Re’Z, +Im?Z, |

Rez, + Reg:2 Jmz, +mz P

(11)

wher
[M, |
| M|
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Form

elecfric load impedance does not agree with the“conditions stated in connection wit
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NOTE|
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to be

For 4
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If th
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sens
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If the
is cd
acco

12
Re’Z, + Im?Z,

[Regh + ReZL]Z + [Imgh + ImZL]2

(M| = M|

[

is the modulus of the end-of-cable loaded sensitivity;

is the modulus of the end-of-cable open-circuit’sensitivity;
and "Im" are the real and imaginary parts of the relevant quantity.
ula (11) and Formula (12) may be used for cdlculating correction factors if the 3

tivity values given.

Formula (11) and Formula (12) apply to acfrequency domain consideration. In practical hydro
Ations with ultrasonic pulses, time domain congiderations (temporal convolution and deconvolution) woul
aken into account.

hydrophone without a pre-amplifier, the hydrophone end-of-cable sensitivity c3
d as either loaded sensitivity or open-circuit sensitivity.

e end-of-cable sensitivity is stated as loaded sensitivity, the relevant electric
tions (electric load ‘impedance or equivalent network components) to which
tivity values relater"shall be stated. If the hydrophone is used under different
tions, the sensitiyity shall be corrected in accordance with Formula (12).

end-of-cable sensitivity is given as open-circuit sensitivity and if the hydrophone o

dance.with Formula (12).

5.8.2

(12)

ctual
h the

bhone
need

n be

load
the
load

utput

nnected_to a finite electric load impedance, the sensitivity shall be correct¢d in

—Hydrophoneassembily

For a hydrophone assembly, the end-of-cable sensitivity shall be stated as loaded sensitivity,
and the relevant electric load conditions (electric load impedance or equivalent network
components) to which the sensitivity values relate shall be stated. If the hydrophone assembly
is used under different load conditions, the sensitivity needs to be corrected.

5.8.3

Output lead configuration

The basic configuration of the output leads shall be explained, such as whether it is differential
output (floating) or unsymmetric output, i.e. single output and the ground.
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5.9 Environmental aspects
5.9.1 Temperature range

The permitted operating and storage temperature range for the hydrophone or hydrophone
assembly shall be stated by the manufacturer.

5.9.2 Water tightness

It shall be stated which parts of the hydrophone or hydrophone assembly are waterproof and

which are not. Limitations, if any, on the duration of water immersion (possibly as a function of
temp rghlrn) shall he stated

5.9.3 Water properties and incompatible materials

Limitptions, if any, on the water conductivity shall be stated. The water conditions (for eximple
condyctivity, gas content) to which all the quantitative statements of hydrophone propegrties
refer|shall be stated.

Limitations on incompatible materials (e.g. liquids, solutes) shall be statéd.

5.9.4 Exposed material

Typep of material (metal, rubber, casting resin, etc.) exposed to the liquid in which the
hydrpphone is allowed to be used shall be stated. Al ,exposed hydrophone parts shall be
madg from corrosion-compatible and corrosion-resistant materials. In particular, the useg of a
variely of metals for exposed components should bé/avoided to avert the possible occurience
of galvanic corrosion.

Exposed metal parts of the hydrophone housing and electrostatic shield shall be connected to
the cpble screen.

5.10| Guidance manual

A defailed guidance manual shallibe provided with the hydrophone or hydrophone assembly.

In addition to the information specified in 5.2 to 5.9, the manual should include the following:
— al|drawing that shows the geometrical shape and size of the hydrophone or hydrophone
apsembly;

— glidance on the proper and safe use of the hydrophone or hydrophone assembly,
ricluding@oeak time, temperature range and maximum ultrasonic pressure;

— —

ypicatimpedance plot and amplifier gain plot (if applicable) as a function of frequency.

5.11 | List of hydrophone characteristics

The required information on hydrophone properties is summarized in the following list:

— basic information, such as the acoustically active material, geometrical dimensions (lateral
and thickness) of active element and whether or not a pre-amplifier is included;

— hydrophone sensitivity;

— frequency response (of the sensitivity) and the fundamental thickness resonance frequency;

— directional response and effectiveradius hydrophone size;

— dynamic range and linear range;

— electric output impedance and lead configuration;

— environmental aspects.
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Annex A
(informative)

Examples of information on hydrophone properties

A.1 General

This Annex A provides sample information on a 0,2 mm needle hydrophone that is designed
to be used in conjunction with a submersible hydrophone pre-amplifier. Wherever acoustic
prope ie S Re—H A6 ae ed RSy S S S he—hydrophoenefpre-amplifier
combination (hydrophone assembly).

NOTE| The material given in this Annex A only demonstrates how information is to be presented. It is pot an
endorgement of a specific product.

A.2 | Basic information

Basi¢ information for the example of a 0,2 mm nominal diameter needte’hydrophone assgmbly
is prgvided in Table A.1.

Table A.1 — Example of basic information for 0,2 mm needle hydrophone assembly

Required characteristic information Example 0,2 mm needle hydrophone
Tranpduction method Piezoelectric conversion
Sengor material Polywvinylidene fluoride (PVDF)
Actie element-geometrical-dimensions Circular element, diameter 0,2 mm, thickness 9 um
Piezp-film thickness resonance frequency 63 53 MHz
Typital sensitivity-at-3 in the range 5 MHz to 50 nV/Pa (further data in Clause A.3)
35 MHz
Outdr diameter of needle shaft 0,5 mm
Weight Mass of hydrophone 1,59
Lendth of hydrophone Overall: 55 mm, needle shaft: 35 mm
Pre-amplifier Hydrophone to be used in conjunction with a submergible

pre-amplifier with generic model number NNNN

Nomjnal output impedance 50 Q
Interjded orientation in use (nominal direction of Needle tip pointing directly towards the acoustic sour¢e
ultrapound jneidence)

A.3 Sensitivity and frequency response
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This frequency response of the hydrophone was obtained by two substitution calibrations;
reported responses are the end-of-cable loaded sensitivity for the needle hydrophone used
in conjunction with its appropriate pre-amplifier, when loaded by 50 Q. For the response in the
range 1 MHz to 40 MHz, the procedure follows the method described by Smith and Bacon [7].
This method uses an ultrasonic source that produced a highly shocked waveform containing a
wide harmonic content with many components at integer multiples of the fundamental frequency
of 1 MHz. This enables a calibration of the hydrophone from 1 MHz to 40 MHz in 1 MHz
increments. The data are displayed in Figure A.1. Spline interpolation was used to produce the
data between the calibrated sensitivities.

Below 1 MHz, frequency response was also determined by substitution calibration, but with a

excitption S|gnal and spectral information was extracted in the range 100 kHz to ™Mz in
50 khlz increments. The data are displayed in Figure A.2.
The hydrophone was calibrated at (20 £ 2) °C.
NOTE|1 The temperature coefficient of the sensitivity is given in Clause A.8.
Nl
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Figure A.1 — Frequency response of 042\\nm needle hydrophone
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Figure A.2 — Frequency response of 0,2 mm needle hydrophone
in the range 100 kHz to 1 MHz

Mean hydrophone sensitivity in the range 1 MHz to 40 MHz: 50 mV/MPa

Mean hydrophone sensitivity in the range 0,1 MHz to 0,95 MHz: 27 mV/MPa
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itivity level variation between individual probes: approximately +3 dB

Hydrophone frequency band: 0,1 MHz to 40 MHz

Measurement uncertainty:

The
acco
the u

which itself is traceable to national primary standards.

NOTE|

Need
calib
refer
the a

A.4

Frequency range Expanded uncertainty
0,1 MHz to 1 MHz 1 %
1 MHz to 8 MHz 14 %
9 MHz to 20 MHz 17 %
21 MHz to 40 MHz 19 %

measurement uncertainty for the frequency response measurement was determingd in
dance with the methods established in [2]. One of the majn Uncertainty contributigns is
ncertainty due to the calibration of the reference hydrophone used in the calibration,

2 Considerations explaining the frequency behaviour of needle hydrophones are provided in [8].

le hydrophones that are used to make absolutermeasures of acoustic pressure should be
ated at least once every 12 months. The hydrophone should be checked against a
bnce source on a monthly basis so that variations in sensitivity are identified sooner|than
nnual calibration interval.

Directional response

The
as th
was
adjus
shift

lirectional response of the;hydrophone was established using the same nonlinear field

t used in the determipation of the frequency response above 1 MHz. The hydrophone
blaced in a mounting fixttre that permitted the precise position of the active element fo be
ted. The hydrophene’s tip was then adjusted so that there was less than 100 ns temporal
bf the recorded wayeform when it was rotated in the field. This alignment ensured that the
eived

ofat

MHz,
7z the

d|rect|onal response becomes mcreasmgly omni-directional and relative amphtude at angles up

to +8

0° will be with 3 dB of the amplitude at 0°.
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Figure A.3 — Directional respons@& 0,2 mm needle hydrophone
%

NOTE]| Figure A.3 shows curves for only one of the two perpendicular rotational axes covered in 5.5.
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A.5 Effective%d@&dimension

O

The 0,2 mm needle hydrophone has a circular active element and thus the effective
dimension quoted is an effective radius and is plotted in Figure A.4.
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Figure A.4 — Effective radius of 0,2 mm needlehydrophone
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The model of directional response used to derive the efféctive radius is the unbaffled piston

modd

sensg) over the widest frequency range. Whilst the™itting process was conducted o

maxi

derived values over a much wider range, as carikbe seen in Figure A.5.

mum angular range of +35°, the fit was found“to reliably represent the experime

[. It was selected as it was the model that yielded-the best fit (in a nonlinear least-sqiares

er a
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A.6 Dynamic range, linearity and electromagnetic interference

A.6.1 Lower dynamic limit

The noise floor of the hydrophone assembly limits the measurement of small acoustic signals.
The noise level of the pre-amplifier is approximately 50 yV RMS over a 100 MHz bandwidth. If
the hydrophone sensitivity is assumed to be 50 nV/Pa, the noise level stated leads to a noise
equivalent pressure of 50 uV/50 nV /Pa~' = 1 kPa.

NOTE The data acquisition system being used to record the waveforms produced by the hydrophone can also limit
the minimum recordable signal. For example an oscilloscope that is limited to a maximum resolution of 0,5 mV will
Only DE dDIE 10 Ulbpldy blglldlb Ol dIIIpIIlUUU U, 0 TNV/OU TIVIFd = TU KFEd O Jredler.

A.6.2 Upper dynamic limit

Congerning the pressure threshold above which mechanical damage ogcurs to| the
hydrpphone: this hydrophone has been designed for use in fields up to 20.MPa. Althpugh
hydrpphones of this type have been used for ultrasonic fields that exceed 50, 'MPa, therelis an
elevdted risk of damage. The supplier’'s advice should be sought if theshydrophone is {o be
used|in fields containing acoustic pressure levels beyond 20 MPa.

Conderning the pressure beyond which amplifier saturation oceurs: the pre-amplifier that is
used| with this hydrophone can start to exhibit nonlinearities*when its peak output voltage
excegds 2 000 mV. Taking into account the typical hydrophone sensitivity, this corresponds to
a pressure of 2 000 mV/50 nV /Pa~1 = 40 MPa. If pressuréefields in excess of this value gre to
be emcountered, contact the hydrophone supplier to censider in-line attenuation options.

The linear range is from 1 kPa to 40 MPa.

Possjble damage threshold: 20 MPa.

A.7 | Electric output characteristics

The ¢lectric load condition to which the sensitivity values of Clause A.3 relate is 50 Q.

A.8 | Environmental aspects

This lhydrophone assembly can be used for measurement over an operating temperpture
rang¢ of 5°C to\60 °C and can be stored over the range 5°C to 50 °C. Exposufe to
tempgratures_above 60 °C has the potential to cause irreversible damage to the hydrophpne.

5 °C.
in the

The hydrophone assembly has been designed for complete immersion in water and can easily
withstand the hydrostatic pressure caused by 2 m of water. Although the hydrophone
assembly can be used for prolonged periods (> 48 h) of immersion, the hydrophone should
be withdrawn from water and allowed to dry whenever it is not in use.

There are no specific operating requirements in terms of water quality for use of this
hydrophone. However, it is possible that hydrophone measurements standards such as
IEC 62127-1 or the AIUM/NEMA output measurement standard [9]-—might have specific
requirements for water quality.

NOTE Prolonged immersion in water that has not been deionized (e.g. tap water) can lead to a build-up of deposits
on the hydrophone tip. Calcium carbonate deposits can be a particular problem in "hard" water areas and will lead
to a loss of sensitivity of the hydrophone.
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Although designed for operation in water, the hydrophone assembly can be used in many
other liquid media. It should be noted, however, that the calibration of this hydrophone was
undertaken in water. Other materials present different acoustic impedance loads on the
hydrophone active element and this is likely to affect the sensitivity of the hydrophone. Certain
liquids should be avoided due to their chemically aggressive nature. Examples of materials that
should be avoided are:

a) concentrated acids (e.g. nitric acid, sulphuric acid);

b) concentrated alkalis (e.g. sodium hydroxide);

c) strong organic solvents (e.g. many aldehydes, many ketones, dimethylene chloride (DMC),
dimethylformamide (DMF))

As slupplied, the only materials of the hydrophone assembly that are exposed, tq the
surrdunding liquid are gold, stainless steel, polytetrafluoroethylene (PTFE), brass~and the
polyinyl chloride (PVC) cladding on the pre-amplifier cable. However, if the outer|gold
electrode on the hydrophone becomes damaged, the PVDF and a rigid casting reSin-might can
also pecome exposed.
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Annex B
(informative)

Rationale

General

This Annex B provides additional information to explain the reasons underpinning non-editorial
changes in the second edition of IEC 62127-3 (thrs document) compared to the first edition

(IEC

B.2 | Changes to the determination of directional response (1/

In th¢ first edition, directional response was determined at the same frequerrq%imits spegified
in 5.4.1. Some membrane hydrophones have very flat frequency response@jhat can extepd to

introdluced a translation much less than a half wavelength at t
100 MHz in water, this would require that any translation be m
this document requires that upper and lower frequencies be asQ;’
with any deviation from the values in 5.4.1 being specrfred g\

frequency i$ not

phone element| that
equency of interegt. At
ess than 7,5 ym. Insfead,
ely separated as practidable,

Althdugh the first edition specified the angular rang er which directional response was
evalated, there was no requirement on the an r increment. For hydrophone {ctive
elemgnts that were large relative to wavelength%hrs could lead to considerable change in
direcfivity function for small angular variation. T?\I;document requires an angular incremegnt to

be sglected that ensures no more than 1 dBf@nge between adjacent points.

B.3 | Changes to the determinat&c@l of effective radius

The first edition provided a proc \’e for the determination of effective radius of a hydrophone
that yvas based upon a simplifigk process to fit experimentally determined directional response

data to a specific theoretrca(m del. The problems with this were three-fold.

a)
b)

c)

[t{implicitly assum |rcular geometry through the use of the word "radius".

The method of fittifig required hydrophones to have a central peak. It also required thgt two
ppints on the Wirectivity profile (one on either side of the central peak) were identified at
Idvels -3 an d -6 dB relative to this peak.

NPTE @ ad already been identified in Annex A of IEC 62127-3:2007.

Th thod incorporated a fixed theoretical model to represent hydrophone direcfional

(sometimes referred to as the rigid baffle (RB) model).

To understand why these points are problematic, it is instructive to consider the following.

1)

2)

3)

Several commercially available hydrophone designs are based upon rectangular
geometries.

Many small aperture hydrophones have a directional response (especially at low
frequencies) that does not reach -6 dB relative to the peak and possibly does not even fall
by 3 dB.

Any single point measurement (such as the peak value, or those at levels 3 dB and 6 dB
below the peak) could be subject to noise which could affect the determination of effective
hydrophone size. A more robust method would make use of a more complete set of the
available directional response data and be less subject to noise on individual data
points [10].
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4) Membrane hydrophones, at low frequencies, have well-known off-axis peaks which can be

much larger than the central lobe of the directional response [4], [11].

5) Although widely studied in the literature, the rigid baffle piston model has been shown by
numerous publications [5], [4], [12], [14] to be a poor representation of the directional

6)

response of some hydrophones.
The former method was optimized decades ago to provide a simple method that cou

ld be

easily implemented. Subsequent developments in computational power and algorithms
ensure that mathematical software for the calculation of Bessel function and for both linear

and nonlinear least squares fitting are widely available.

To address these limijtations, the procedure has been revised by separating the fitting pr

for gxperimental data from the theoretical model against which it is being co

Furthermore, the fitting process has been revised so that it can accommodate directivity pr

with |arge off-axis peaks or with very shallow peaks. q/é‘
(1/

Ccess

ared.
bfiles
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Annex C
(informative)

Membrane hydrophone directivity model

General

In contrast to other models of directional response that only consider waves propagating within
the fluid surrounding the hydrophone the Bacon [6] model of membrane hydrophone d|rect|V|ty

prop¢
provides additional information to support the model formula in 5.6.2.

C.2

The fnodel formula of 5.6.2 a)5) is re-stated here for convenience:

o
th
° 7
e
m
m

e The function g(M,N)=

detailed derivation can-b&found.

=

[ )
=

7 i Z
7=(Z—2J00322y23|nP+(22’]sm 2y, 8inQ .

[rand N are for 0, = 0°.

rties of the membrane material are crltlcal to the predlcted response This Anr

Details of model

2Ji[kyasin(6y)] cos(6y)
kyasin(6;) 0

|lg(M,N)|

Dr (ko 0r) = le(Mo, No)|

COS 2y, (2
0 —nsineyy | ¢l
{cos2 0, ( 2 )}

, the
ex C

ithin this formula, subscripts 1 and 2 (with the excéption of J,) refer to the properties of

e surrounding fluid and the membrane material/r&spectively.

=2u(ds3 —d3q) and

= A(d3q +dap +da3)+2ud33, where ) adfl™u are the Lamé parameters for the memt

aterial and d34, d3, and ds3 are th€* piezo-electric strain constants for the memj
aterial.

M=N—i
2M+i(N2—M2+1)

was originally defined within [13] whe

Z Z
=| 22 |cos? 2y, 60t P+ | 22~ |sin? 2y, cot 0.
Z4 Z4

1 1

o M
e P=
Angu

longit

2n fhcosﬁz and Q0= bfhcos;zz, where # is the thickness of the membrane.
€2 2

Sin(01) _ Sin(92) B Sin(yz)
a b

lar terms are related via Snell’s Law such that

, wWhere

udinal wave speed and b is shear wave speed.

All expressions for acoustic impedance are scaled by angle of incidence so

Zy=

P14 P2¢2

Zy =—=%— and Z,, _ pabs

cost; % cost, cosy,

rane
rane

c is

that
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS — HYDROPHONES -
Part 3: Properties of hydrophones for ultrasonic fields

FOREWORD

2022

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. Ao this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Techhical R4
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interns
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr.
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content

Publications is accurate, IEC cannot be held responsible forsthe“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
members of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal fee{
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othq
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.

IEC 62127-3-has been prepared by IEC technical committee 87: Ultrasonics. It i
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This [ second edition cancels and replaces the first edition published in 2007
Amendment 1:2013. This edition constitutes a technical revision.

and

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

plex-

edition.

a) The upper frequency limit of 40 MHz has been removed.

b) Hydrophone sensitivity definitions have been changed to recognize sensitivities as com
valued quantities.

c) Procedures to determine the effective hydrophone size have been changed according to the
rationale outlined in Annex B.

d) Requirements on the frequencies for which the effective hydrophone size shall be provided

have been changed to achieve practicality for increased frequency bands.
The new Annex B and Annex C have been added.


https://iecnorm.com/api/?name=8d1bda0a0d93ccc05c44b7b9b8b284b2

IEC 62127-3:2022 © |EC 2022 -5-

f)

Annex A has been updated to reflect the changes of the normative parts.

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

Draft Report on voting

87/818/FDIS 87/824/RVD

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

The llanguage used for the development of this International Standard is English.

This [document was drafted in accordance with ISO/IEC Directives, Part 2, anddevelop
dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable
at wyvw.iec.ch/members_experts/refdocs. The main document types developed by IEC
descfibed in greater detail at www.iec.ch/publications.

acco

A list of all parts of IEC 62127 series, published under the geheral title Ultrason
Hydrpphones, can be found on the IEC website.

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

The

—

¢confirmed,

wlithdrawn,

—

gplaced by a revised edition, or
amended.

ed in

are

ommittee has decided that the contents of this document will remain unchanged unfjil the
stability date indicated on the IEC website under webStore.iec.ch in the data related t
speclfic document. At this date, the document will be

b the

IMPORTANT - The "colour inside” logo on the cover page of this document indicates th
contains colours which are considered to be useful for the correct understanding o
con

ents. Users should therefore print this document using a colour printer.

at it
f its
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INTRODUCTION

The spatial and temporal distribution of acoustic pressure in an ultrasonic field in a liquid
medium is commonly determined using miniature ultrasonic hydrophones. The properties of
these hydrophones have been dealt with in a number of IEC standards in various aspects. The
purpose of this document is to bring together all these specifications and to establish a common
standard on the properties of ultrasonic hydrophones. The main hydrophone application in
this context is the measurement of ultrasonic fields emitted by medical diagnostic equipment in
water. Other medical applications are field measurements for therapy equipment such as that
used in lithotripsy, high-intensity focused ultrasound (HIFU) and physiotherapy. Hydrophones
are also used extensively in non-medical applications for both product development and quality
control including:

|
3

apping of the ultrasound field within ultrasonic cleaning baths;

|
o

naracterization of acoustic fields used in transmission measurement systems
(¢.g. ultrasonic spectrometers, ultrasonic attenuation meters and velocimeters);

— characterization of acoustic fields used in reflection measurement systems (e.g. Doppler
flowmeters).

the term hydrophone can be used in a wider sense, it is undérstood here as referring to
minidture piezoelectric hydrophones. It is this instrument type-that is used today in various
areas$ of ultrasonics and, in particular, to quantitatively characterize the field structure of
medital diagnostic instruments. With regard to other pressuté sensor types, such as tfhose
basefd on fibre optics, some of the requirements of this, document are applicable to these as
well but others are not. If in the future these other hydrophone types gain more importance in
field Imeasurement practice, their properties will haye\to be dealt with in a revised versipn of
this Jocument or in a separate one.

Undgrwater hydrophones as covered by IECZ60500, IEC 60565-1, and IEC 60565-2 arg not
inclugled in this document, although there is>an overlap in the frequency ranges. Underyater
hydrpphones are used in natural waters,:even in the ocean, and this leads to different technical
concepts and requirements. In addition)the main direction of acoustic incidence in underyater
applifations is at various angles and-often at right angles to the hydrophone axis, wherdas in
this Jocument it is assumed that the main direction of acoustic incidence is in the directipn of
the hydrophone axis.

Histgrically, ultrasonic hydrophones were used almost exclusively as amplitude senjsors.
Howgver, the complex-valued nature of a hydrophone’s system response function is| well
undefstood and IEC62127-1:2022 makes use of this within the deconvolution procedufes it
contains. In thistdocument, requirements are specified for the amplitude aspect of the
hydrpphone sensitivity and recommendations are provided for the phase aspect which can be
derived eithien™ via calibration, or via calculation methods that are discussefl in
IEC 62127<1:2022.
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1

ULTRASONICS - HYDROPHONES -

Part 3: Properties of hydrophones for ultrasonic fields

Scope

This part of IEC 62127 specifies relevant hydrophone characteristics.

This document is applicable to:

2

hydrophones employing piezoelectric sensor elements, designed to measure’the p
ahd continuous wave ultrasonic fields generated by ultrasonic equipment;

hydrophones used for measurements made in water;

hydrophones with or without an associated pre-amplifier.

ormative references

The following documents are referred to in the text in such away that some or all of their co
constitutes requirements of this document. For dated referénces, only the edition cited ap

For

undated references, the latest edition of the~referenced document (including

amendments) applies.

IEC 62127-1, Ultrasonics — Hydrophones — Part 1: Measurement and characterizatiq
medital ultrasonic fields

IEC 62127-2, Ultrasonics — Hydrophone§— Part 2: Calibration for ultrasonic fields up to 40

3

Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in IEC 62127-1, IEC 621
and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the follg
addregsses:

3.1

EC Electrepedia: available at http://www.electropedia.org/

$0O-Online browsing platform: available at http://www.iso.org/obp

ilsed

ntent
Dlies.
any

n of

MHz

27-2

wing

acoustic pulse waveform
temporal waveform of the instantaneous acoustic pressure at a specified position in an
acoustic field and displayed over a period sufficiently long to include all significant acoustic
information in a single pulse or tone-burst, or one or more cycles in a continuous wave

Note 1 to entry:

instantaneous acoustic pressure.

[SOURCE: IEC 62127-1:2022, 3.1]

Temporal waveform is a representation (e.g. oscilloscope presentation or formula) of the
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3.2

directional response

description of the response of a hydrophone, as a function of direction of propagation of the
incident plane sound wave, in a specified plane through the reference centre and at a specified
frequency

Note 1 to entry: Although directional response is a complex-valued function, it is generally the modulus of
directional response that is of most interest and this is commonly presented graphically.

[SOURCE: IEC 60565:2006, 3.5, modified — In the definition, ", generally presented
graphically," has been deleted; "electro-acoustic transducer" has been replaced by
"hydraphone"; and "radiated or incident sound" has been replaced by "incident plane sound
wave,".]

3.3
effedtive hydrophone size
ah
size pf a theoretical receiver hydrophone that has a predicted directional’response function
with ain angular width equal to the observed angular width

Note 1 to entry: The size is usually a function of frequency. For representative experimental data, see [1].
Note 3 to entry: The effective hydrophone size is expressed in metres (m).

Note 3 to entry: For hydrophones with a circular geometry, the effective*hydrophone size is a radius.

Note 4 to entry: For hydrophones with a rectangular geometry, the effective hydrophone size is the half |of the
largestt value of the length or width.

[SOURCE: I[EC 62127-1:2022, 3.20]

3.4
elecfric load impedance
Z.
complex electric input impedance, (consisting of a real and an imaginary part) to which the
hydrpphone unit output cable is.connected or is intended to be connected

Note 1 to entry: The electric load.impedance is expressed in ohms (Q).

[SOURCE: I[EC 62127112022, 3.22]

3.5
end-pf-cable
<hydrophonie or hydrophone assembly with integral output cable> relating to the end qf the
integral output cable

3.6
end-of-cable

<hydrophone or hydrophone assembly without integral output cable> relating to the output
connector firmly connected with the hydrophone or hydrophone assembly and not to an extra
cable

3.7
end-of-cable loaded sensitivity

M\ (7)

<of a hydrophone or hydrophone assembly> quotient of the Fourier transformed hydrophone
voltage-time signal F(u (f)) at the end of any integral cable or output connector of a
hydrophone or hydrophone assembly, when connected to a specified electric load
impedance, to the Fourier transformed acoustic pulse waveform F(p(¢)) in the undisturbed
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free field of a plane wave in the position of the reference centre of the hydrophone if the
hydrophone were removed

M (f)=—=r—F~ (1)

Note 1 to entry: The end-of-cable loaded sensitivity is a complex-valued parameter. Its modulus is expressed in
units of volt per pascal (V/Pa), its phase angle is expressed in degrees, and represents the phase difference between
the elgctrical voltage and the sound pressure.

3.8
end-pf-cable open-circuit sensitivity
M(f)
<of al hydrophone> quotient of the Fourier transformed hydrophone open-circuit voltageftime
signgl F(uc(r)) at the end of any integral cable or output connector of a_hydrophone tp the

Fourjer transformed acoustic pulse waveform F(p(¢)) in the undisturbed free field of a plane

wave in the position of the reference centre of the hydrophone lif the hydrophone |were
remojved

M (f)=—r—= (2)

Note 1 to entry: The end-of-cable open-circuit sensitivity is a complex-valued parameter. Its moddlus is
expregsed in units of volt per pascal (V/Pa), its phasé angle is expressed in degrees, and represents the phase
differgnce between the electrical voltage and the,sound pressure.

3.9
end-pf-cable loaded sensitivity level

Ly, (/)
<of alhydrophone or hydrophone assembly> twenty times the logarithm to the base 10 of the
quotient of the modulus.ofthe end-of-cable loaded sensitivity |V, (f)| to a reference sensitivity

M,

ref

_ M (7))
Ly (/)= 20logro = dB (3)

Note 1 to entry: Commonly used values of the reference sensitivity M are 1 V/pPa or 1 V/Pa.

Note 2 to entry: The end-of-cable loaded sensitivity level is expressed in decibels (dB).

3.10

free field

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

[SOURCE: IEC 60565:2006, 3.13]
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3.11
hydrophone geometrical size
geometrical size of a hydrophone active element

a

9
size defined by the lateral extents of the active element of a hydrophone
Note 1 to entry: The hydrophone geometrical size is expressed in metres (m).

Note 2 to entry: For hydrophones with a circular geometry, the hydrophone geometrical size is a radius.

Note 3 to entry: For hydrophones with a rectangular geometry, the hydrophone geometrical size is a half of the
largest value of the length or width.

3.12
hydrpphone
transiducer that produces electric signals in response to pressure fluctuations in-water

[SOURCE: IEC 60050-801:2021, 801-32-26]

3.13
hydrpphone assembly
combination of hydrophone and hydrophone pre-amplifier

3.14
hydrpphone axis
nomihal symmetry axis of the hydrophone active element

Note 1 to entry: Unless stated otherwise (explicitly and quantitatively) by the manufacturer, it is understood for the
purposges of this document that this is given by the apparent‘geometrical symmetry axis of the hydrophone.

3.15
hydrpphone pre-amplifier
active electronic device connected to,'0r to be connected to, a particular hydrophoneg and
redu¢ing its output impedance

Note 1 to entry: A hydrophone pre-amplifier requires a supply voltage (or supply voltages).

Note 4 to entry: The hydrophone“pre-amplifier may have a forward voltage transmission factor of less thap one,
i.e. it peed not necessarily be a,voltage amplifier in the strict sense.

3.16
reference centre
pointfon or nearyjachydrophone about which its acoustic receiving sensitivity is defined

Note 1 to entry:> Unless stated otherwise (explicitly and quantitatively) by the manufacturer, it is understood for the
purposges,of this document that this is given by the geometrical centre of the front surface of the hydrophone |active
elemept,

[SOURCE: IEC 60565:2006, 3.25, modified — In the definition, "transducer" has been replaced
by "hydrophone" and "transmitting responses" has been omitted. The note has been replaced.]

3.17

uncertainty

parameter, associated with the result of a measurement, that characterizes the dispersion of
the values that could reasonably be attributed to the measurand

Note 1 to entry: See ISO/IEC Guide 98-3:2008 [2], 2.2.3.

[SOURCE: IEC 62127-1:2022, 3.92]
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4 List of symbols

dg

ah

Cc

hydrophone geometrical size
effective hydrophone size

speed of sound in a medium

model function used during the determination of effective hydrophone size from a

measured directional response of a hydrophone
frequency

5.1

For a full characterization of the hydrophone performance in the frequency range of

docu

characteristics are provided in Annex A.

NOTE
5.2

The f
-t

wavenumber pqunl tao 2x/)

f) end-of-cable loaded sensitivity level

general symbol for the complex hydrophone sensitivity, M = |M| being its mo
and arg(M) being its argument (equal to phase angle)

end-of-cable open-circuit sensitivity
end-of-cable loaded sensitivity
complex electric output impedance of a hydrophone or'hydrophone assemb

electric load impedance

lydrophone characteristics

General

ment, the following information is.required. Examples of information on hydrop

Determination methods are covered+in IEC 62127-2.
Basic information
ollowing shall be briefly stated:

e basic physical principles of the transduction process, the type of sensor ma
volved, the_form and geometrical dimensions (diameter, thickness) of the hydrop
Ctive elemént and the needle diameter in case of a needle hydrophone;

e configuration and design of the hydrophone;
hether or not a pre-amplifier is associated with the hydrophone; if the pre-amplifie

angle of incidence of an ultrasonic wave with respect to the hydrophone axig

Hulus

ly

this
hone

terial
hone

[ can

pdisconnected from the hydrophone, clear information shall be given as to whichl pre-

amplifier type belongs to which hydrophone type;

— the nominal direction of ultrasonic incidence in relation to the hydrophone.

NOTE The last point is important, as it has been found in the literature [3]' that even with membrane hydrophones,
the response can change upon reversal of the ultrasonic propagation direction in relation to the hydrophone.

The following should be briefly stated:

— the lateral and thickness dimensions of the hydrophone active element;

— the frequency of the fundamental thickness resonance of the hydrophone active element;

— the size and mass of the hydrophone;

Numbers in square brackets refer to the Bibliography.
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the recommended directional response model (see 5.6.2) appropriate for the hydrophone;

in the case of a membrane hydrophone, the acoustic reflection and transmission factor
(preferably as a function of frequency);

information on preamplifier roll-off at low frequencies outside the hydrophone calibration
range, if applicable, to support appropriate calibration data extrapolation in accordance with

IEC 62127-1:2022.

General note relating to 5.3 and 5.4: if phase information is available, the phase angle (which

equals the argument of the complex hydrophone sensitivity) should be stated in addition t
sensitivity (which equals the modulus of the complex hydrophone sensitivity), as well a
frequency dependence of the phase angle in addition to the frequency dependence

o the
s the
f the

sensftivity.

5.3 | Sensitivity

The hodulus of the end-of-cable sensitivity of the hydrophone or hydrophone.assembly
be stpted in units of volt per pascal (V/Pa) or in decimal submultiples, or as-a'logarithmic
in decibels (dB) with reference to a stated sensitivity value.

NOTE|1 Refer to 3.9 regarding the definition of the end-of-cable loaded sensitivity level.

If a pre-amplifier contributes to the sensitivity value given, this-shall be stated.

It shall be stated whether the sensitivity value given is undérstood as the end-of-cable ¢
circuit sensitivity or as the end-of-cable loaded sensitivity. In the latter case, the reld
electric loading conditions shall be stated, i.e. the electric load impedance, in order to o
the stated sensitivity.

The uncertainty of the stated sensitivity shallbe given.

shall
level

pen-
bvant
btain

The frequency interval over which thegsensitivity is given and over which the uncertainty

applies shall be stated. For the purposes of this document, sensitivity and uncertainty v
may pe given separately for severalfrequency intervals.

hlues

The |methods by which the-'sensitivity and its uncertainty have been obtained shd|ll be

descfibed.

The femperature dependence of the sensitivity shall be given. The hydrophone sensitivity
be stpted as a functien of the water temperature, at least over the temperature range 19
25 °(@, or the particular water temperature to which the stated sensitivity relates shall be s
together with-the temperature coefficient of the sensitivity.

A recommended calibration period shall be provided in the instructions for use.

shall
°C to
tated

This

recomnmiendation applies unless otherwise stated by specific device application standards|

NOTE 2 A calibration period of one year will be appropriate in most cases.

The reference centre shall be stated if the sensitivity does not relate to the geometrical centre

of the front surface of the hydrophone active element.

NOTE 3 This is particularly important for any phase considerations.

The direction of acoustic incidence shall be stated if the sensitivity does not relate to an

incidence in the direction of the hydrophone axis.
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5.4 Frequency response
5.4.1 Stated frequency band

The frequency band claimed for the hydrophone or hydrophone assembly shall be stated by
giving the lower frequency limit and the upper frequency limit. The modulus of the end-of-cable
sensitivity of the hydrophone or hydrophone assembly shall be constant over the stated
frequency band with a tolerance which shall also be stated.

5.4.2 Frequency dependence

The 77777 ne “Yalal™a -Halla =Yals a SRS e e a ne N glronhon e Or
hydrpphone assembly as a function of frequency shall be stated either graphically or-as|a list
of vdlues and over a frequency range containing at least the frequency band claimed uUnder

5.4.1| If it is given as a list of values or as discrete points in a graph, the frequency disfance
betwgen adjacent points should be low enough so that all important details of the frequency
dependence are shown and the sensitivity level does not vary by more than.t1 dB betiveen
adjagent points.

The frequency response may be given in terms of absolute sensitivity Wwalues or in a relative
reprgsentation, relative with reference to the absolute sensitivity,of the hydrophorne or
hydrpphone assembly at a certain frequency. In the case of the relative representation, the
refergnce sensitivity and the frequency to which it applies shall.be stated.

The phase of the end-of-cable sensitivity may be given-as a function of frequency egither
graphically or as a list of values.

The gtatement of the frequency response shall referto the same conditions (i.e. loaded or gpen-
circu|t output of the hydrophone or hydrophone assembly) as the sensitivity statemgnt in
accofdance with 5.3.

If theluncertainty of the sensitivity values'in the frequency response representation differs|from
the Uncertainty assessment of 5.3, this shall be clearly stated and the new or addifional
uncertainty shall be given.

If thel frequency response is(given as a list of absolute sensitivity values (end-of-cable, loaded
or oplen-circuit), the sensitivity statement in accordance with 5.3 may be omitted.

NOTE|1 The frequencysresponse can depend on the electric load conditions.
NOTE|2 |If, in a pragtical application, the hydrophone or hydrophone assembly is used with subsequent ele¢tronic

compgnents suchtas-an amplifier, oscilloscope, etc., the frequency response of the whole system will also |be, of
coursg, influenced)by the frequency response of these additional components.

5.5 | Directional response

5.5.1 General

Directional response, and quantities derived from it, are subject to numerous changes relative
to the first edition of IEC 62127-3. Details for the rationale behind these changes can be found
in Annex B.

5.5.2 Determination of the directional response

The directional response of the hydrophone shall be stated at a minimum of three frequencies
where the lowest and highest frequencies are as widely separated as possible.

— The lowest frequency at which the directional response of the hydrophone has been
determined should be the lower limit of the frequency band claimed under 5.4.1. If not, the
reason(s) for variation shall be stated.
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The highest frequency at which the directional response of the hydrophone has been
determined should be the upper limit of the frequency band claimed under 5.4.1. If not, the
reason(s) for variation shall be stated.

NOTE Experimental determination of directional response becomes increasingly challenging as frequency
increases. Consequently, the highest frequency at which it is practical to determine the directional response
of the hydrophone can be lower than the upper frequency band claimed under 5.4.1. However, effective
hydrophone size becomes asymptotic as frequency increases. Therefore, it is likely that there is negligible
variation in effective hydrophone size at frequencies above the highest frequency at which directional
response has been evaluated.

The midpoint frequency that is within £15 % of the geometric mean of the lowest and highest
frequencies at which directional response of the hydrophone has been determined is the

—

HPA I 4 4 loialo—ilo H H 1 ool lo boto o 1L bl L
MU TTTYUTIIUY at WITICTT T UL iulTar TCoPUTIST STTdIT VT oStlaltU. 1T TTUL, UITT TTaAS Ul

variation shall be stated.

— Ifithe hydrophone has a fundamental thickness resonance within range of the‘lowes
h|ghest frequencies in this subclause 5.5.2, the directional response at this frequency
a|so be stated. If not, the reason(s) for variation shall be stated.

The firectional response should be measured by rotating the hydrophone about an
whiclh passes through the reference centre and which is perpendicular to the hydrop
axis | at least from -35° up to +35° (with the hydrophone axis as referénce), or at least
the first left-hand minimum to the first right-hand minimum, whichever of the angular sp3g
the smaller. If this method is used, this shall be done twice, namely about two rotational
perpéndicular to each other. If, in the plane perpendicular 10/jts axis, a hydrophone H
certalin distinct direction (for example that of the electric leads in the case of a memk
hydrpphone), the rotational axes should be in this direction-and perpendicular to it. If the g

) for

t and
shall

axis,
hone
from
ns is
axes
as a
rane
ctive

element is non-circular, one of the rotational axes shall be in the direction of the Ia['gest
i

dimepsion. The directions of the rotational axes shall)be identified on the hydrophone us
mark|or in the accompanying literature.

ng a

The angular increment shall be chosen to enstire that the variation between adjacent points in

the directional response is not more than, 1“dB.

The measurement of the directional~response shall be carried out in a quasi-planar
ultragonic field.

If the|active element is irregularin shape, or has more than two symmetry axes, the direct
resppnse should be measured around additional axes.

Each| of the resulting-directional responses obtained from the measurements shall be st

5.5.3 Symmetry of directional response

If, inlany.of“the directional response results obtained, the angle between the directi
maximum-response and the hydrophone axis is greater than one tenth of the an

wave

onal

ated.

bn of
gular

differlencé between the left-hand -6 dB direction and the right-hand -6 dB direction, this

shall

be stated and the deviation-of-axis angle shall be given. The sensitivity level in the directi
the hydrophone axis shall be not lower than the maximum in any other direction minus 2

The symmetry of any directional response should be such that if a normalized sensitivity

on of
dB.

level

of -6 dB occurs for some particular direction subtending a certain angle to the direction of
maximum sensitivity (0 dB), then the sensitivity level measured on the opposite side subtending

the same angle to the direction of maximum sensitivity shall be -6 dB + 3 dB.

NOTE Problems in field measurement practice will arise if the direction of maximum hydrophone response
significantly with frequency.

varies
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5.6
5.6.1

Effective hydrophone size

General

From the directional response results obtained in accordance with 5.5, a value for the
effective hydrophone size shall be derived and stated as follows.

5.6.2 Model of directional response

When determining the effective hydrophone size, the theoretical model against which the
experlmentally determlned dlrectlonal response is being compared shall be stated. To

mainta C C ofa :
bafflg plston model [see a)1) below] unless clear Justlflcatlon is prowded for the ch0|ce

alter
and i

a) F
d

—_

Dy (ha0) - 22ezn0)
2) soft baffle piston model [4]
Dy (k,a,0) :%:g)g)] 0s(0)
3) unbaffled piston model
ko) - 24l 1o
4) rigid pistonimodel (for probe, needle and fibre-optic hydrophones) [5]

ative model of directional response. Possible alternative models are given in a)2)td
b).

bor nominally circular shaped hydrophone active elements, appropriate mode
jrectional response are:

rigid baffle piston model

Dy (k,a,0) = d4dB

2J1 [kaSIn(H)] lkCOS(e)J' e—i]CxSin(H)eikS

kasin(0) na? 2ms

AB

e rigid

bf an
a)5)

S

of

(4)

(®)

(6)

where 4 and B are areas of integration representing the area of the hydrophone active
element and the end of the probe upon which the hydrophone active element is
mounted, and s is the distance between the point of observation and the point of

integration;

5) Bacon model (for membrane hydrophones including Lamb waves) [6]

2Ji[kasin(@))] cos(6;)

Dulka,6) = kyasin(6;) )
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Further information concerning the terms of this formula is provided in Annex C.
b) For nominally rectangular shaped hydrophone active elements,
Sin{kLs;n(@)}
LO)=—rn——— 9
D (k. 1,0) kL sin(0) ®)
2
wib-ar L . lan-ath £ n £+l aldaoa £ i 5 ftaonal
VWITOT O L To UTo IGIIBI.II VT UTTOC UT UTTOU OTuCo UT LT IUULGII&IU-
If thelmodel relies upon one or more properties of the materials involved (for examplethe Blacon
modegl), the values used for these properties shall be stated.
5.6.3 Fitting of experimental response to theoretical predictions
The directional response is expected to exhibit a clear central lobé\ (possibly with pther
features such as localized minima to either side of the lobe, or off-axis peaks) and the angular
range used for fitting shall be restricted to that which contains the main lobe only and is deffined
by 9n in < 0 < 9max-
Giveh a centre position of § = 0°, 6};,,;; is the minimum of:
o the modulus of the first angle at which the directional response curve drops 6 dB helow
the value of the directional response at § = 0¢, ‘or
o 3p°.
Omin |8 defined as —6;,;; in the angular range\¥ < 0°, and

The
sum

the 1
respq

is defined as 6),,;; in the angularrange 6 > 0°.

bffective hydrophone size shall be determined as that value of a which minimize
of the squared residual"between the magnitude of the model predictions |Dy(k,a,0)

hagnitude of the experimentally determined values |x(6)| of the normalized direct
nse. This shall berepeated at each frequency given in 5.5.2.

gmax

5= 2 (KO- Ipu(kao))

0=bmin

5 the
and

ional

(10)

If the active element is nominally circular, the effective hydrophone size shall be given as the
average of the two effective radii obtained at the two orthogonal rotational axes.

If the active element is nominally non-circular, the largest of the effective hydrophone sizes
obtained from the various directional responses shall be given as the effective hydrophone

size.

NOTE The effective hydrophone size is usually a function of the frequency. For representative experimental data
see Annex A.

5.7

Dynamic range, linearity and electromagnetic interference

The dynamic range of the hydrophone or hydrophone assembly, i.e. the pressure amplitude
range in which the hydrophone or hydrophone assembly can be used, shall be stated.
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This range shall meet at least the following conditions:

a) no mechanical or electrical damage to the hydrophone or hydrophone assembly;

b) no output saturation;

c) the output signal shall be above the noise level.

NOTE

1 "Output saturation" means that a non-zero pressure increment at the hydrophone does not lea

voltage change.

dtoa

NOTE 2 The noise level can depend on electromagnetic interference and can thus vary with the electromagnetic
conditions at the place of measurement. Ideally, it is be possible to give a noise level representing all other sources
of noise except electromagnetic interference.

The

to th

The
acou
over
more]
This

inear range of the hydrophone or hydrophone assembly, i.e. the pressure amplitude
rangI in which the hydrophone or hydrophone assembly behaves in a linear way, acco

condition below, shall be stated.

condition is as follows. If, on a plot of end-of-cable output voltage, -against free

rding

field

stic pressure amplitude, a straight line can be drawn through the origin-in such a way that
A certain pressure range the actual voltage values do not deviate from the straight lipe by
than £10 %, this range is the linear range of the hydrophone or hydrophone assembly.

shall be the case for any frequency within the frequency bandlaimed under 5.4.1.

Inforination or advice on how to minimize the effects of electrenagnetic interference should be

provi

5.8
5.8.1

ded.

Electric output characteristics

Hydrophone without pre-amplifier

The end-of-cable complex electric output impedance, Z,,, of the hydrophone shall be s

as a
givin
equiy
resis

The

function of frequency. This can be done by giving the real and the imaginary part
j the values of the electrical components (such as resistance and capacitance)

tated

br by
bf an

alent network. In the latter case, the type of network shall be clearly stated (e.d. the

ance being in series or parallelto the capacitance).

elation between the complex end-of-cable loaded sensitivity and the complex en

cable open-circuit sensitivity will depend on Z,, and Z, and is given by

with

M =M. {Z/Z,+2)}

he maduli being given by

d-of-

(11)

1/2
Re?Z, + Im?Z,

M| = M
M = [Rez, + Rez, | + [mz, +Imz, T’

where

|M, | is the modulus of the end-of-cable loaded sensitivity;

|| is the modulus of the end-of-cable open-circuit sensitivity;
"Re" and "Im" are the real and imaginary parts of the relevant quantity.

(12)
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Formula (11) and Formula (12) may be used for calculating correction factors if the actual
electric load impedance does not agree with the conditions stated in connection with the
sensitivity values given.

NOTE Formula (11) and Formula (12) apply to a frequency domain consideration. In practical hydrophone
applications with ultrasonic pulses, time domain considerations (temporal convolution and deconvolution) would need
to be taken into account.

For a hydrophone without a pre-amplifier, the hydrophone end-of-cable sensitivity can be
stated as either loaded sensitivity or open-circuit sensitivity.

If the—end-of-cable sensitivity is stated as loaded sensitivity the relevant electric load

cond|tions (electric load impedance or equivalent network components) to whicH the
sens|tivity values relate shall be stated. If the hydrophone is used under different|load
condj|tions, the sensitivity shall be corrected in accordance with Formula (12).

If thel end-of-cable sensitivity is given as open-circuit sensitivity and if the hydrophone output
is cqnnected to a finite electric load impedance, the sensitivity shal:-be corrected in
accofdance with Formula (12).

5.8.2 Hydrophone assembly
For 4 hydrophone assembly, the end-of-cable sensitivity shall be stated as loaded sensitivity,
and fhe relevant electric load conditions (electric load impedance or equivalent nefwork

components) to which the sensitivity values relate shall be stated. If the hydrophone assembly
is used under different load conditions, the sensitivity.n€eds to be corrected.

5.8.3 Output lead configuration

The basic configuration of the output leads shall be explained, such as whether it is differ¢ntial
outpyt (floating) or unsymmetric output, i.e. single output and the ground.

5.9 | Environmental aspects
5.9.1 Temperature range

The permitted operating and_storage temperature range for the hydrophone or hydrophone
assembly shall be stated by the manufacturer.

5.9.2 Water tightness

It shall be stated.which parts of the hydrophone or hydrophone assembly are waterproof and
whicl are nof. Limitations, if any, on the duration of water immersion (possibly as a functipn of

Limitations, if any, on the water conductivity shall be stated. The water conditions (for example
conductivity, gas content) to which all the quantitative statements of hydrophone properties
refer shall be stated.

Limitations on incompatible materials (e.g. liquids, solutes) shall be stated.

5.9.4 Exposed material

Types of material (metal, rubber, casting resin, etc.) exposed to the liquid in which the
hydrophone is allowed to be used shall be stated. All exposed hydrophone parts shall be
made from corrosion-compatible and corrosion-resistant materials. In particular, the use of a
variety of metals for exposed components should be avoided to avert the possible occurrence
of galvanic corrosion.
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Exposed metal parts of the hydrophone housing and electrostatic shield shall be connected to
the cable screen.

5.10 Guidance manual

A detailed guidance manual shall be provided with the hydrophone or hydrophone assembly.

In addition to the information specified in 5.2 to 5.9, the manual should include the following:

5.11| List of hydrophone characteristics

The fequired information on hydrophone properties is summarized in the following list:

a drawing that shows the geometrical shape and size of the hydrophone or hydrophone

assembly;

gbidance on the proper and safe use of the hydrophone or hydrophone assern
ifcluding soak time, temperature range and maximum ultrasonic pressure;

basic information, such as the acoustically active material, geontetrical dimensions (lz
ahd thickness) of active element and whether or not a pre-amplifier is included;
h

ydrophone sensitivity;

—h

requency response (of the sensitivity) and the fundamental thickness resonance frequ
rectional response and effective hydrophone size;

ynamic range and linear range;

ectric output impedance and lead configuration;

®O O QO o

hvironmental aspects.

typical impedance plot and amplifier gain plot (if applicable) as a function of frequency.

nbly,

teral

BNCy;
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Annex A
(informative)

Examples of information on hydrophone properties

A.1 General

This Annex A provides sample information on a 0,2 mm needle hydrophone that is designed
to be used in conjunction with a submersible hydrophone pre-amplifier. Wherever acoustic
prope ie S Re—H A6 ae ed RSy e e S he—hydrophonefpre-amplifier
combination (hydrophone assembly).

NOTE| The material given in this Annex A only demonstrates how information is to be presented. ‘It is fot an
endorgement of a specific product.

A.2 | Basic information

Basig¢ information for the example of a 0,2 mm nominal diameter needle hydrophone assgmbly
is prgvided in Table A.1.

Table A.1 — Example of basic information for 0,2 mm needle hydrophone assembly

Required characteristic information Example 0,2 mm needle hydrophone
Tranpduction method Piezoelectric conversion
Sengor material Polyvinylidene fluoride (PVDF)
Actije element Circular element, diameter 0,2 mm, thickness 9 um
Piezp-film thickness resonance frequency 53 MHz
Typital sensitivity in the range 5 MHz to 35 MKz 50 nV/Pa (further data in Clause A.3)
Outgr diameter of needle shaft 0,5 mm
Mass$ of hydrophone 1,59
Lendth of hydrophone Overall: 55 mm, needle shaft: 35 mm
Pre-amplifier Hydrophone to be used in conjunction with a submergible

pre-amplifier with generic model number NNNN

Nomjnal output impedance 50 Q
Interjded orientationvin use (nominal direction of Needle tip pointing directly towards the acoustic sour¢e
ultrapound incidence)

A.3 —Sensitivityand-frequency response

This frequency response of the hydrophone was obtained by two substitution calibrations;
reported responses are the end-of-cable loaded sensitivity for the needle hydrophone used
in conjunction with its appropriate pre-amplifier, when loaded by 50 Q. For the response in the
range 1 MHz to 40 MHz, the procedure follows the method described by Smith and Bacon [7].
This method uses an ultrasonic source that produced a highly shocked waveform containing a
wide harmonic content with many components at integer multiples of the fundamental frequency
of 1 MHz. This enables a calibration of the hydrophone from 1 MHz to 40 MHz in 1 MHz
increments. The data are displayed in Figure A.1. Spline interpolation was used to produce the
data between the calibrated sensitivities.
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Below 1 MHz, frequency response was also determined by substitution calibration, but with a
different source. Here a broadband piezo-composite transducer was subject to an impulse
excitation signal and spectral information was extracted in the range 100 kHz to 1 MHz in
50 kHz increments. The data are displayed in Figure A.2.

The hydrophone was calibrated at (20 + 2) °C.

NOTE 1 The temperature coefficient of the sensitivity is given in Clause A.8.

80 T

70 4
60 +
50

40 4

Sensitivity in mV/MPa

30 1
20

10 1

Frequency in MHz
EC

Figure A.1 — Frequéency response of 0,2 mm needle hydrophone
in the range 1 MHz to 40 MHz
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Figure A.2 — Frequency response ofd{),2’mm needle hydrophone
in the range 100 kHz'to 1 MHz

Mean hydrophone sensitivity in the range 1MHz to 40 MHz: 50 mV/MPa
Mean hydrophone sensitivity in the range 0,1 MHz to 0,95 MHz: 27 mV/MPa
Sensijitivity level variation between iadividual probes: approximately +3 dB
Hydrophone frequency band:)0,1 MHz to 40 MHz

Meagqurement uncertainty:

Frequency range Expanded uncertainty
0,1 MHz to 1 MHz 11 %
1 MHz to 8 MHz 14 %
9 MHz to 20 MHz 17 %
21 MHz to 40 MHz 19 %

The measurement uncertainty for the frequency response measurement was determined in
accordance with the methods established in [2]. One of the main uncertainty contributions is
the uncertainty due to the calibration of the reference hydrophone used in the calibration,
which itself is traceable to national primary standards.

NOTE 2 Considerations explaining the frequency behaviour of needle hydrophones are provided in [8].
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Needle hydrophones that are used to make absolute measures of acoustic pressure should be
calibrated at least once every 12 months. The hydrophone should be checked against a
reference source on a monthly basis so that variations in sensitivity are identified sooner than
the annual calibration interval.

A.4 Directional response

The directional response of the hydrophone was established using the same nonlinear field
as that used in the determination of the frequency response above 1 MHz. The hydrophone
was placed ina mountmg f|xture that permltted the premse position of the act|ve element to be

' e poral

4 at a
rang¢ of frequencies could be established.

The directional response of the 0,2 mm needle hydrophone at 1-MHz, 5 MHz, 10 MHz,
15 MHz, 20 MHz, 30 MHz and 40 MHz has been plotted in FigurenA.3. Below 1 MHz the
directional response becomes increasingly omni-directional and relative amplitude at angl¢s up
to £80° will be with 3 dB of the amplitude at 0°.

Relative amplitude in dB

-40 -30 -20 -10 90
Angle in degrees

—— 1MHz ===-- 5 MHz 10 MHz 15 MHz  eeeeeeeer 20 MHz —e— 25MHz =—¢— 30 MHz 40 MHz IEC

Figure A.3 — Directional response of 0,2 mm needle hydrophone
NOTE Figure A.3 shows curves for only one of the two perpendicular rotational axes covered in 5.5.
A.5 Effective dimension

The 0,2 mm needle hydrophone has a circular active element and thus the effective
dimension quoted is an effective radius and is plotted in Figure A.4.
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The model of directional response used to derive the efféctive radius is the unbaffled p
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0,02

0 e B —
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Figure A.4 — Effective radius of 0,2 mm n
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eedle hydrophone

iston

model. It was selected as it was the model that yielded-the best fit (in a nonlinear least-sqdiares
sensg) over the widest frequency range. Whilst the“fitting process was conducted over a
maximum angular range of +35°, the fit was found“to reliably represent the experimenptally
derived values over a much wider range, as canbe seen in Figure A.5.
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Figure A.5 — Comparison of modelled and experimentally derived directional response
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A.6 Dynamic range, linearity and electromagnetic interference

A.6.1 Lower dynamic limit

The noise floor of the hydrophone assembly limits the measurement of small acoustic signals.
The noise level of the pre-amplifier is approximately 50 yV RMS over a 100 MHz bandwidth. If
the hydrophone sensitivity is assumed to be 50 nV/Pa, the noise level stated leads to a noise
equivalent pressure of 50 pV/50 nV Pa~! = 1 kPa.

NOTE The data acquisition system being used to record the waveforms produced by the hydrophone can also limit
the minimum recordable signal. For example, an oscilloscope that is limited to a maximum resolution of 0,5 mV will
only bpabtetodisptay sigmatsof amptitode 0;5 MY/ 50 vPa—1t0kPaor greater:

A.6.2 Upper dynamic limit

Congerning the pressure threshold above which mechanical damage ogcurs to| the
hydrpphone: this hydrophone has been designed for use in fields up to 20.MPa. Althpugh
hydrpphones of this type have been used for ultrasonic fields that exceed50,'MPa, therelis an
elevdted risk of damage. The supplier’'s advice should be sought if theshydrophone is {o be
used|in fields containing acoustic pressure levels beyond 20 MPa.

Conderning the pressure beyond which amplifier saturation oceurs: the pre-amplifier that is
used| with this hydrophone can start to exhibit nonlinearities*‘when its peak output voltage
excegds 2 000 mV. Taking into account the typical hydrophone sensitivity, this corresponds to
a prdssure of 2 000 mV/50 nV Pa~1 = 40 MPa. If pressure(fiélds in excess of this value dgre to
be emcountered, contact the hydrophone supplier to censider in-line attenuation options.

The linear range is from 1 kPa to 40 MPa.

Possjble damage threshold: 20 MPa.

A.7 | Electric output characteristics

The ¢lectric load condition to which the sensitivity values of Clause A.3 relate is 50 Q.

A.8 | Environmental aspects

This lhydrophone assembly can be used for measurement over an operating temperpture
rang¢ of 5°C to\60 °C and can be stored over the range 5°C to 50 °C. Exposufe to
tempgratures_above 60 °C has the potential to cause irreversible damage to the hydrophpne.

This jhydrophone assembly has been calibrated at a temperature between 19 °C and 2p °C.
The gensitivity of the hydrophone will be a function of temperature and an increase ip the
sensitivity of ;6% perdegreetemperature rise cam beexpected:

The hydrophone assembly has been designed for complete immersion in water and can easily
withstand the hydrostatic pressure caused by 2 m of water. Although the hydrophone
assembly can be used for prolonged periods (> 48 h) of immersion, the hydrophone should
be withdrawn from water and allowed to dry whenever it is not in use.

There are no specific operating requirements in terms of water quality for use of this
hydrophone. However, it is possible that hydrophone measurements standards such as
IEC 62127-1 or the AIUM/NEMA output measurement standard [9] have specific requirements
for water quality.

NOTE Prolonged immersion in water that has not been deionized (e.g. tap water) can lead to a build-up of deposits
on the hydrophone tip. Calcium carbonate deposits can be a particular problem in "hard" water areas and will lead
to a loss of sensitivity of the hydrophone.
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Although designed for operation in water, the hydrophone assembly can be used in many
other liquid media. It should be noted, however, that the calibration of this hydrophone was
undertaken in water. Other materials present different acoustic impedance loads on the
hydrophone active element and this is likely to affect the sensitivity of the hydrophone. Certain
liquids should be avoided due to their chemically aggressive nature. Examples of materials that
should be avoided are:

a) concentrated acids (e.g. nitric acid, sulphuric acid);

b) concentrated alkalis (e.g. sodium hydroxide);

c) strong organic solvents (e.g. many aldehydes, many ketones, dimethylene chloride (DMC),
dimethylformamide (DMF))

As slupplied, the only materials of the hydrophone assembly that are exposed, tq the
surrdunding liquid are gold, stainless steel, polytetrafluoroethylene (PTFE), brass~and the
polyinyl chloride (PVC) cladding on the pre-amplifier cable. However, if the outer|gold
electrode on the hydrophone becomes damaged, the PVDF and a rigid castingyrésin can also
become exposed.



https://iecnorm.com/api/?name=8d1bda0a0d93ccc05c44b7b9b8b284b2

IEC 62127-3:2022 © |EC 2022 - 27 -

B.1

Annex B
(informative)

Rationale

General

This Annex B provides additional information to explain the reasons underpinning non-editorial
changes in the second edition of IEC 62127-3 (this document) compared to the first edition

(IEC

B.2

Changes to the determination of directional response

In the first edition, directional response was determined at the same frequency-imits spegified

.1. Some membrane hydrophones have very flat frequency responses-that can extend to

beyond 100 MHz. Determination of directional response at such _high frequency i$ not
expefimentally practicable; it would require rotation about the hydrophone element| that

uced a translation much less than a half wavelength at thé |frequency of interesgt. At

100 MHz in water, this would require that any translation be much-less than 7,5 ym. Instead,
this document requires that upper and lower frequencies be as/widely separated as practigable,

with any deviation from the values in 5.4.1 being specified.

Althdugh the first edition specified the angular rangeover which directional response was
evaljated, there was no requirement on the angular increment. For hydrophone gctive
elements that were large relative to wavelength;\this could lead to considerable change in
directivity function for small angular variation. This'"document requires an angular increment to

be s¢lected that ensures no more than 1 dB . change between adjacent points.

B.3 | Changes to the determination of effective radius

The first edition provided a procedure for the determination of effective radius of a hydrophone
that yvas based upon a simplified’process to fit experimentally determined directional response

data to a specific theoreticalmodel. The problems with this were three-fold.

a)
b)

c)

It|implicitly assumesta circular geometry through the use of the word "radius".

The method of fitting required hydrophones to have a central peak. It also required thgt two
ppints on the_directivity profile (one on either side of the central peak) were identified at
Idvels —3 dB2and -6 dB relative to this peak.

NPTE _This had already been identified in Annex A of IEC 62127-3:2007.

The’method incorporated a fixed theoretical model to represent hydrophone direcfional
résponse, specifically the radiation pattern of a circular plane piston in a rigid baffle
(sometimes referred to as the rigid baffle (RB) model).

To understand why these points are problematic, it is instructive to consider the following.

1)

2)

3)

Several commercially available hydrophone designs are based upon rectangular
geometries.

Many small aperture hydrophones have a directional response (especially at low
frequencies) that does not reach -6 dB relative to the peak and possibly does not even fall
by 3 dB.

Any single point measurement (such as the peak value, or those at levels 3 dB and 6 dB
below the peak) could be subject to noise which could affect the determination of effective
hydrophone size. A more robust method would make use of a more complete set of the
available directional response data and be less subject to noise on individual data
points [10].
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4) Membrane hydrophones, at low frequencies, have well-known off-axis peaks which can be
much larger than the central lobe of the directional response [4], [11].

5) Although widely studied in the literature, the rigid baffle piston model has been shown by
numerous publications [5], [4], [12], [14] to be a poor representation of the directional
response of some hydrophones.

6) The former method was optimized decades ago to provide a simple method that could be
easily implemented. Subsequent developments in computational power and algorithms
ensure that mathematical software for the calculation of Bessel function and for both linear
and nonlinear least squares fitting are widely available.

To address these limitations, the procedure has been revised by separating the fitting process
for gxperimental data from the theoretical model against which it is being comppred.
Furthermore, the fitting process has been revised so that it can accommodate directivity profiles
with large off-axis peaks or with very shallow peaks.
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CA

Annex C
(informative)

Membrane hydrophone directivity model

General

In contrast to other models of directional response that only consider waves propagating within

the fluid surrounding the hydrophone the Bacon [6] model of membrane hydrophone d|rect|V|ty

provi

C.2

The model formula of 5.6.2 a)5) is re-stated here for convenience:

—

=

[ ]
=

e P= 2fh00302 and Q=—-— 5

Angular terms are related via Snell's Law such that

grties of the membrane materlal are crltlcal to the predlcted response Thrs Anr
des additional information to support the model formula in 5.6.2.

I,

33 & =

Details of model

|g(M,N)

2J1 [k1a Sln(91 )] ' COS(9~|)
|g(Mq,Ny)|

kyasin(6y) 12

Dy (k,a,64) =

cos 2y, {2
: 0 —nsin?yy | ¢ -
{cos2 0, ( 2)}

e surrounding fluid and the membrane material,/r&spectively.
=2p(ds3 —d3q) and

= A(d3q+d3p +da3)+2ud33, where 2 andu are the Lamé parameters for the memt
aterial and d3q, d3o and dj; are the piezo-electric strain constants for the memby
aterial.

MEN —i

was originally defined within [13] whe
2M+i(N2—M2+1)

he function g(M,N)=

btailed derivation can.be“found.

Z V4
=| 22 |cos? 2y, €t P +| 22 |sin? 2y, cot 0 .
Z4 Z4

Z Zy,
[ =| 22 |608? 2y, sin P+ | 224 |sin? 2y, sinQ .
7 Z1

[h.and N are for 84 = 0°.

2nf

€2 2

hcosy,, where & is the thickness of the membrane.

sin(6y) sin(6y) sin(yy)
& a Co a b2

, Where

longitudinal wave speed and b is shear wave speed.

Al
Zy =

expressions for acoustic impedance are scaled by angle of incidence so
b
ﬂ 7 —m and Z y :P2_2.

cost; 2 cosb, cosy,

, the
ex C

ithin this formula, subscripts 1 and 2 (with the excéption of J,) refer to the properties of

rane
rane

c is

that
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Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com|
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour’ob
oriser la coopération internationale pour toutes les questions de normalisation dans les domain
ectricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Normes internatiol
5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au(public (PAS)
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internationale.

orme

Cette deuxiéme édition annule et remplace la premiere édition parue en 2007 et son
amendement 1:2013. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente.

a)
b)

c)

La limite de fréquence supérieure de 40 MHz a été supprimée.

Les définitions de la sensibilité de I'hnydrophone ont été modifiées afin de reconnaitre les
sensibilités comme des grandeurs a valeur complexe.

Les procédures de détermination de la taille efficace de I'hydrophone ont été modifiées
conformément a la justification donnée a I'Annexe B.
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d) Les exigences relatives aux fréquences pour lesquelles doit étre fournie la taille efficace de
I'nydrophone ont été modifiées afin de tenir compte des bandes de fréquences supérieures.

e) D

e nouvelles annexes ont été ajoutées (Annexe B et Annexe C).

f) L'Annexe A a été mise a jour afin de refléter les modifications apportées aux parties
normatives.

Le te

xte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
87/818/FDIS 87/824/RVD

Ler
abou

i @ son approbation.

La lapgue employée pour I'élaboration de cette Norme internationale est I'anglais.

pport de vote indiqué dans le tableau ci-dessus donne toute information sur le{yote ayant

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon les
Diredtives ISO/IEC, Partie 1 et les Directives ISO/IEC, Suppléméent’lEC, disponibles [sous
www(iec.ch/members_experts/refdocs. Les principaux types de ‘documents développés par
I'lEC|sont décrits plus en détail sous www.iec.ch/publications,
Une liste de toutes les parties de la série IEC 62127, publiées sous le titre général Ultraspns —
Hydrpphones, se trouve sur le site web de I'lEC.
NOTE| Les termes en gras dans le texte sont définis a I'Article, 3.
Le cgmité a décidé que le contenu de ce document ne sera pas modifié avant la date de stgbilité
indiguée sur le site web de I'lEC sous webstgre.iec.ch dans les données relatives au document
rechgrché. A cette date, le document sera
e rgconduit,
e suUpprimé,
e remplacé par une éditionrévisée, ou
e amendé.
IMPORTANT < Le logo "colour inside" qui se trouve sur la page de couverture de ce document
indigue qu'il)contient des couleurs qui sont considérées comme utiles a une bgnne
compréhéension de son contenu. Les utilisateurs devraient, par conséquent, imprimef ce

doc

ument en utilisant une imprimante couleur.
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INTRODUCTION

La répartition spatiale et temporelle de la pression acoustique d'un champ ultrasonique en
milieu liquide est généralement déterminée a I'aide d'hydrophones a ultrasons miniatures. Les
propriétés de ces hydrophones ont été traitées sous différents aspects dans plusieurs normes
de I'lEC. Le présent document a pour objet de compiler I'ensemble de ces spécifications et
d'établir une norme commune pour les propriétés des hydrophones a ultrasons. Dans ce cadre,
la principale application des hydrophones est la mesure des champs ultrasoniques émis par
les appareils de diagnostic médical immergés dans l'eau. D'autres applications médicales
consistent a mesurer les champs des appareils de thérapie comme ceux utilisés en lithotritie,
en ultrasons focalisés de haute intensité (UFHI) et en physiothérapie. Les hydrophones sont
égalément utilisés couramment dans les applications non médicales pour le développement de
proddiits et le contrble qualité, notamment:

g cartographie du champ ultrasonique dans les bains de nettoyage a ultrasons;

g caractérisation des champs acoustiques utilisés dans les systémes de)mesure e la
ransmission (spectrométres a ultrasons, appareils de mesurg,’ d'affaiblissement
ultrasoniques et vélocimétres, par exemple);

—

g caractérisation des champs acoustiques utilisés dans les systémes de mesurg par
réflexion (débitmétres Doppler, par exemple).

Si le|terme hydrophone peut étre utilisé dans un sens plus, large, il fait référence ic| aux
hydrpphones piézoélectriques miniatures. Il s'agit d'un type“d'instrument de mesure Jtilisé
aujoyrd'hui dans différents domaines des ultrasons, notamment pour caractériser de mapiére
quar{itative la structure du champ des instruments de’ diagnostic médical. Concernarit les

autrgs types de capteurs de pression, comme les capteurs fibroniques, certaines exigencg¢s du
présgnt document s'appliquent a des capteurs particuliers seulement. Si les méthodgs de
mesyre de champ ultérieures privilégient d'autres types d'hydrophones, leurs propr|iétés
devrgnt étre traitées dans une version révisée du présent document ou dans un document
distirfct.

Les |hydrophones en milieu souscimarin couverts par ['lEC 60500, I'lEC 60565-(1 et
I'EC[60565-2 ne sont pas traités dans le présent document, malgré un chevauchement [dans
les glages de fréquences. Les_hydrophones en milieu sous-marin sont utilisés en |eaux
naturelles, et méme dans I'océan; ce qui aboutit a différents concepts techniques et différ¢ntes
exiggnces. En outre, la direcfion principale de l'incidence acoustique dans les applications
soustmarines est décrite_par plusieurs angles et souvent par des angles droits par rapgort a
I'axe|de I'hydrophonestalors que le présent document admet par hypothése que la dirgction
princjpale de l'incidence acoustique est la direction de I'axe de I'hydrophone.

Histgriquement;) les hydrophones a ultrasons étaient pratiquement utilisés exclusivement
comme détecteurs d'amplitude. Cependant, la nature a valeur complexe de la fonctign de
répomse du-systéme d'un hydrophone est bien comprise et I'lEC 62127-1:2022 I'utilise [dans
ses groceédures de déconvolution. Dans le présent document, les exigences sont spécifié¢s en
se fondant sur les aspects liés a I'amplitude de la sensibilité de I'hydrophone et des
recommandations sont fournies pour les aspects liés a la phase qui peut étre déterminée par
étalonnage ou a l'aide des méthodes de calcul décrites dans I'lEC 62127-1:2022.
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ULTRASONS - HYDROPHONES -

Partie 3: Propriétés des hydrophones pour les champs ultrasoniques

1 Domaine d'application

La présente partie de I'lEC 62127 spécifie les caractéristiques pertinentes des hydrophones.

Le présent document s'applique:

a
Cc
u
a
a

2 K

Les ¢
de g
I'édit
docu

IEC 62127-1, Ultrasons — Hydrophones — Rartie 1: Mesurage et caractérisation des ch

ultras

IEC ¢
jusqy

3 1

Pour
I''EC

L'1SQ
en ng

B

trasons;
Lix hydrophones utilisés pour les mesurages réalisés dans I'eau;
X hydrophones avec ou sans préamplificateur associé.

Références normatives

ocuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou
ur contenu, des exigences du présent document. Pour les références datées,
on mentionnée s'applique. Pour les référenCes’ non datées, la derniére éditio
ment de référence s'applique (y compris les éventuels amendements).

oniques médicaux

2127-2, Ultrasons — Hydrophones — Partie 2: Etalonnage des champs ultrason
'a 40 MHz

'ermes, définitions et’symboles

les besoins dy ‘présent document, les termes et définitions de I''EC 62127-1
62127-2 ainsi 'que les suivants s'appliquent.

et I''ECAHjennent a jour des bases de données terminologiques destinées a étre util
rmalisation, consultables aux adresses suivantes:

Lix hydrophones qui utilisent des capteurs piézoélectriques congus pour mesurgr les
hamps ultrasoniques a ondes par impulsions et entretenues générés par les appargils a

artie
seule
n du

hmps

ques

sées

FC\Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
form

e d'onde des impulsions acoustiques

forme d'onde temporelle de la pression acoustique instantanée en une position spécifiée d'un
champ acoustique, présentée sur une période suffisamment longue pour inclure toutes les
indications acoustiques significatives dans une impulsion, une salve d'impulsions ou un ou
plusieurs cycles d'une onde entretenue

Note 1

a l'article: La forme d'onde temporelle est une représentation (par exemple, présentation par oscillo

ou formule) de la pression acoustique instantanée.

[SOURCE: I[EC 62127-1:2022, 3.1]

scope
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3.2

réponse directionnelle

description de la réponse d'un hydrophone, en fonction de la direction de propagation de I'onde
sonore incidente plane, dans un plan spécifié qui passe par le centre de référence et a une
fréquence spécifiée

Note 1 a l'article: Méme si la réponse directionnelle est une fonction a valeur complexe, le module de la réponse
directionnelle est généralement plus significatif et est couramment représenté sous forme graphique.

[SOURCE: IEC 60565:2006, 3.5, modifiée — Dans la définition, ", habituellement présentée
sous forme de graphique," a été supprimé; "transducteur électroacoustique" a été remplacé par
"hydraphone"; et "onde rayonnée ou incidente" a été remplacé par "onde sonore incidente
plang".]

3.3
tailld efficace de I'hydrophone
ah
dimepsion d'un hydrophone de récepteur théorique qui comporte une fonction de réppnse
diregtionnelle prévue a angle d'ouverture égal a I'angle d'ouverture observé

Note 1 a l'article: D'une maniere générale, la taille dépend de la fréquenCe,/Pour consulter des dojhnées
expérimentales représentatives, voir [1].

Note 3 a I'article: La taille efficace de I'hydrophone est exprimée en metres (m).
Note 3 a I'article: Pour les hydrophones de géométrie circulaire, lataille efficace de I'hydrophone est un rayon.

Note 4 a I'article: Pour les hydrophones de géométrie rectangulaire/ la taille efficace de I'hydrophone est la|moitié
de la yaleur la plus élevée de la longueur ou de la largeur.

[SOYRCE: IEC 62127-1:2022, 3.20]

3.4
impédance de charge électrique
Z
impédance d'entrée électrique. complexe (composée d'une partie réelle et d'une partie
imag|naire) a laquelle le cable-de'sortie de I'hydrophone est ou est destiné a étre connecté

Note 1 a 'article: L'impédance de charge électrique est exprimée en ohms (Q).

[SOYRCE: IEC 62127-1:2022, 3.22]

3.5
bout|(de cable
<hydrophene ou ensemble d'hydrophones équipé d'un cable de sortie intégré> se rapporte
a l'eqtrémité du cable de sortie intégré

3.6

bout de cable

<hydrophone ou ensemble d'hydrophones non équipé d'un cable de sortie intégré> se
rapporte au connecteur de sortie qui est solidement raccordé a I'hydrophone ou a I'ensemble
d'hydrophones et non a un cable supplémentaire
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3.7

sensibilité en charge en bout de cable

M\ (f)

<d'un hydrophone ou d'un ensemble d'hydrophones> quotient du signal tension-temps de
transformée de Fourier d'un hydrophone F(u (7)) a I'extrémité d'un cable intégré ou d'un

connecteur de sortie d'un hydrophone ou d'un ensemble d'hydrophones, lorsqu'il est
connecté a une impédance de charge électrique spécifiée, par la forme d'onde des

impulsions acoustiques de transformée de Fourier F(p(¢)) dans le champ libre non perturbé
d'une onde plane dans la position du centre de référence de I'hydrophone, si I'hydrophone

a été

retiré

Note 1
exprin
phase

3.8

senslibilité en circuit ouvert en bout de cable

M(f)
<d'un
Fouri

d'un hydrophone par la forme d'onde des impulsions acoustiques de transformée de Fd

Fp(

référence de I'hydrophone, si I'hydrophonea été retiré

Note
modul
différg

3.9

niveau de.sensibilité en charge en bout de céable

LML

a l'article: La sensibilité en charge en bout de cable est un paramétre a val€ur complexe. Son mod
é en volts par pascal (V/Pa), son angle de phase est exprimé en degrés, et il représente la différer
entre la tension électrique et la pression acoustique.

hydrophone> quotient du signal tension-temps<en circuit ouvert de transformé
er de I'hydrophone F(ug(t)) a I'extrémité d'un €able intégré ou d'un connecteur de s

)) dans le champ libre non perturbé d'une onde plane dans la position du centn

a l'article: La sensibilité en circuit ouvert en bout de cable est un paramétre a valeur complexd
e est exprimé en(volts par pascal (V/Pa), son angle de phase est exprimé en degrés, et il représ¢g
nce de phase ehirela tension électrique et la pression acoustique.

/)

(1)

le est
ce de

e de
ortie
urier
e de

(2)

. Son
nte la

<d'ur

al du

quotient du module de la sensibilité en charge en bout de cable || (f)| par une sensibilité de
référence M,

Note 1

M (1) g

LML (f) = 20'0910 v

ref

(3)

a l'article: Les valeurs couramment utilisées pour la sensibilité de référence M sont 1 V/uPa ou 1 V/Pa.

Note 2 a I'article: Le niveau de sensibilité en charge en bout de cable est exprimé en décibels (dB).
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3.10

champ libre

champ acoustique en milieu homogéne et isotrope dans lequel les effets des limites sont
négligeables

[SOURCE: IEC 60565:2006, 3.13]

3.11

taille géométrique de I'hydrophone

taille géométrique d'un élément actif de I'"hydrophone

a
g

taille|définie par les extensions latérales de I'élément actif d'un hydrophone

Note 1 a l'article: La taille géométrique de I'hydrophone est exprimée en métres (m).

Note 4 a l'article: Pour les hydrophones de géométrie circulaire, la taille géométrique deA'hydrophone pst un
rayon!

Note 3 a l'article: Pour les hydrophones de géométrie rectangulaire, la taille géométrique de I'hydrophone|est la
moitié|de la valeur la plus élevée de la longueur ou de la largeur.

3.12
hydrpphone
translducteur qui produit des signaux électriques en réponsesaux variations de pression [dans
l'eau

[SOYRCE: IEC 60050-801:2021, 801-32-26]

3.13
ensemble d'hydrophones
combinaison d'un hydrophone et d'un préamplificateur d'hydrophone

3.14
axe dle I'hydrophone
axe de symétrie nominal de I'élément actif de I'hydrophone

Note 1 a I'article: Sauf indication ‘eontraire (explicite et quantitative) du fabricant, il est admis pour les besojns du
préset document qu'il est donné par I'axe de symétrie géométrique apparent de I'hydrophone.

3.15
préamplificateur«d'hydrophone
dispgsitif électronique actif connecté ou qui doit étre connecté a un hydrophone particuljer et
qui permet deréduire son impédance de sortie

Note 1 afarticle: Le préamplificateur d'hydrophone exige une ou plusieurs tensions d'alimentation.

Note Z=Ztarticte—te préamptificateur o hrydroptrone peutavoir um facteur de—transmission de ta tensiom directe
inférieur a un. Autrement dit, il peut ne pas forcément étre un amplificateur de tension stricto sensu.

3.16

centre de référence

point situé sur un hydrophone ou au voisinage de celui-ci autour duquel sa sensibilité de
réception acoustique est définie

Note 1 a l'article: Sauf indication contraire (explicite et quantitative) du fabricant, il est admis pour les besoins du
présent document qu'il est donné par le centre géométrique de la surface frontale de I'élément actif de I'hydrophone.

[SOURCE: IEC 60565:2006, 3.25, modifiée — Dans la définition, "transducteur" a été remplacé
par "hydrophone" et "réponses de transmission" n'a pas été repris. La note a été remplacée.]
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3.17

incertitude

parameétre associé au résultat d'un mesurage, qui caractérise la dispersion des valeurs qui
peuvent étre raisonnablement attribuées au mesurande

Note 1 & l'article: Voir le 2.2.3 du Guide 98-3:2008 de I''SO/IEC [2].

[SOURCE: IEC 62127-1:2022, 3.92]

4 Liste des symboles

aq taille géométrique de I'hydrophone

ap, taille efficace de I'nydrophone

c vitesse du son dans un milieu

Dy fonction modéle utilisée lors de la détermination de la taille efficac¢ de
I'hydrophone a partir de la réponse directionnelle mesurée d'un hydrophone

f fréquence

k nombre d'onde, égal a 2rn/A

LM'— (f) niveau de sensibilité en charge en bout de cable

M symbole général de la sensibilité complexe de-I'hydrophone, M = !M| étant son
module et arg(M) son argument (égal a I'angle de phase)

M, sensibilité en circuit ouvert en bout de(cable

M, sensibilité en charge en bout de cable

Zy impédance de sortie électriquel’complexe d'un hydrophone ou d'un ensemble
d’hydrophones

Z impédance de charge électrique

0 angle d'incidence d'une*onde ultrasonique par rapport a I'axe de I'"hydrophone

5 Caractéristiques des-hydrophones

5.1 | Généralités

Pour|caractériser.de maniére exhaustive les performances d'un hydrophone dans la plage de

fréguences du\présent document, les informations suivantes sont exigées. Des exemples

d'infgrmations.relatives aux caractéristiques de I'hydrophone sont fournis a I'Annexe A.

NOTE]| .Lés méthodes de détermination sont traitées dans I'lEC 62127-2.

5.2 Informations de base
Les informations suivantes doivent étre fournies de maniére concise:

— les principes physiques de base du processus de transduction, le type de matériau du
capteur considéré, la forme et les dimensions géométriques (diamétre, épaisseur) de
I'élément actif de I'hydrophone et le diamétre de I'aiguille dans le cas d'un hydrophone a
aiguille;

— la configuration et la conception de I'hydrophone;

— une indication précisant si un préamplificateur est associé ou non a I'hydrophone; si le
préamplificateur peut étre déconnecté de I'hydrophone, des informations claires doivent
préciser le type de préamplificateur correspondant au type d'hydrophone;

— la direction nominale de l'incidence ultrasonique par rapport a I'hydrophone.
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NOTE Ce dernier point est important, car I'ouvrage [3]" a démontré que méme pour les hydrophones & membrane,
la réponse peut varier en cas d'inversion de la direction de propagation ultrasonique par rapport a I'hydrophone.

Il convient de fournir les informations suivantes de maniére concise:

— les dimensions latérales et I'épaisseur de I'élément actif de I'hydrophone;

— lafréquence de la résonance d'épaisseur fondamentale de I'élément actif de I'hydrophone;

— la taille et la masse de I'hydrophone;

— le modéle de réponse directionnelle recommandé (voir le 5.6.2) pour I'hydrophone;

— dans le cas d'un hydrophone a membrane, la réflexion acoustique et le facteur de

—

r
d
d
e

Note
conv
I'hyd
I'hyd
de la

5.3

Le module de la sensibilit¢ en bout de cable de Thydrophone ou de l'ense
d'hydrophones doit étre exprimé en volts par pascal (\V/Pa) ou en sous-multiples déci

arTsTisSiom (preferentietftermentenforctiomdetafréquernce);

bs informations relatives a I'affaiblissement du préamplificateur aux basses fréquencs
bhors de la plage d'étalonnage de I'hydrophone, le cas échéant, afin d'assurer
ktrapolation appropriée des données d'étalonnage conformément a I'lEC 62127-1:20

générale relative au 5.3 et au 5.4: si des informations de phase sont disponibl
ent de définir I'angle de phase (qui est égal a I'argument de la sensibilité comple)
ophone) en plus de la sensibilité (qui est égale au module de larsensibilité comple
ophone), ainsi que la dépendance de I'angle de phase vis-a-yis\de la fréquence en
dépendance de la sensibilité vis-a-vis de la fréquence.

Sensibilité

ES en
une
P2.

Bs, il
e de
e de
plus

mble

aux,
ou squs la forme d'un niveau logarithmique décibels“(dB) en référence a la valeur de sen:rbilité

indiq

NOTE|

Si un préamplificateur contribue a la valeur de sensibilité donnée, cela doit étre indiqué.

ouv
derni
char

L'inc

L'intgrvalle de~frequence sur lequel est donnée la sensibilité et sur lequel s'app
I‘incet:titude doit étre indiqué. Pour les besoins du présent document, les valeurs de sensibilité
et d'incertitude peuvent étre données séparément pour plusieurs intervalles de fréquenc

Les
décri

Il doJ étre précisé si la valeur de sensibilité donnée s'entend comme la sensibilité en ci

1ée.

1 Pour la définition du niveau de sensibilité en.charge en bout de cable, voir le 3.9.

rt en bout de cable ou comme la sensibilité en charge en bout de céable. Dar
er cas, les conditions de“Chiarge électrique correspondantes, c'est-a-dire lI'impédang
ge électrique, doivent étre indiquées afin d'obtenir la sensibilité indiquée.

ertitude de la sensibilité indiquée doit étre donnée.

méthodes qui permettent de déterminer la sensibilité et son incertitude doivent

rcuit
s ce
e de

lique

=)

.

étre

tes.

La dépendance de la sensibilité vis-a-vis de la température doit étre donnée. La sensibilité de
I'hydrophone doit étre indiquée en fonction de la température de I'eau, au moins dans la plage
de températures comprises entre 19 °C et 25 °C, ou la température de l'eau particuliére a
laquelle se rapporte la sensibilité indiquée doit étre donnée avec le coefficient de température

de la

T Le

sensibilité.

s chiffres entre crochets renvoient a la Bibliographie
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Une période d'étalonnage recommandée doit étre indiquée dans les instructions d'utilisation.
Cette recommandation s'applique, sauf indication contraire dans les normes d'application
spécifiques du dispositif.

NOTE 2 Une période d'étalonnage d'une année est appropriée dans la plupart des cas.

Le centre de référence doit étre indiqué si la sensibilité n'est pas liée au centre géométrique
de la surface frontale de I'élément actif de I'hydrophone.

NOTE 3 Cela est particulierement important pour les aspects liés a la phase.

incidence dans la direction de I'axe de I'"hydrophone.

5.4 | Réponse en fréquence
5.41 Bande de fréquences indiquée

La bande de fréquences demandée pour I'hydrophone ou I'ensemble d'hydrophones doif étre
précisée en indiquant les limites de fréquence inférieure et supérieure. Le module de la
sens|bilité en bout de cible de I'hydrophone ou de I'ensemble’ d'hydrophones doif étre
constant sur toute la bande de fréquences indiquée, avec une tolérance qui doit également étre
précisée.

5.4.2 Dépendance vis-a-vis de la fréquence

Le miodule de la sensibilité ou le niveau de sensibiliténen bout de cable de I'hydrophone ou
de l'ensemble d'hydrophones en fonction de la fréquence doit étre indiqué de mapiéere
graphique ou sous la forme d'une liste de valeurs)et sur une plage de fréquences qui contient
au m}ins la bande de fréquences demandée au 5.4.1. S'il est donné sous la forme d'ung liste
de valeurs ou de points discrets sur un graphique, il convient que I'écart de fréquence gntre
deux| points adjacents soit suffisammentfaible pour que tous les détails importants e la
dépehdance vis-a-vis de la fréquence soient représentés et que le niveau de sensibilité ne varie
pas de plus de £1 dB entre les points adjacents.

La rédponse en fréquence peut.étre donnée sous la forme de valeurs de sensibilité absolye ou
dans| une représentation én)*valeur relative, en référence a la sensibilité absolug de
I'hydrophone ou de I'ensemble d'hydrophones a une fréquence donnée. Dans le cas ¢'une
reprgdsentation en valetrirelative, la sensibilité de référence et la fréquence a laquellg elle
s'apglique doivent étre_indiquées.

v

La phase de lacsensibilité en bout de cable peut étre donnée en fonction de la fréquence,[sous
forme graphigque ou sous la forme d'une liste de valeurs.

La (1éclaration de la réponse en fréquence doit faire référence aux mémes conditions
(c'es -a-dire saortie en charge ou en circuit ouvert de l'hydrophone ou de l'ensemble

d'hydrophones) que la déclaration de la sensibilité conformément au 5.3.

Toute différence entre l'incertitude des valeurs de sensibilité dans la représentation de la
réponse en fréquence et l'incertitude évaluée au 5.3 doit étre indiquée clairement, et la
nouvelle incertitude ou l'incertitude supplémentaire doit étre donnée.

Si la réponse en fréquence est donnée sous la forme d'une liste de valeurs de sensibilité
absolue (en bout de cable, en charge ou en circuit ouvert), la déclaration de la sensibilité
conformément au 5.3 peut étre ignorée.

NOTE 1 La réponse en fréquence peut dépendre des conditions de charge électrique.


https://iecnorm.com/api/?name=8d1bda0a0d93ccc05c44b7b9b8b284b2

- 44 — IEC 62127-3:2022 © |EC 2022

NOTE 2 Si, dans une application pratique, I'hydrophone ou I'ensemble d'hydrophones est utilisé, par la suite,
avec des composants électroniques comme un amplificateur, un oscilloscope, etc., la réponse en fréquence de ces
composants supplémentaires aura bien entendu également une incidence sur la réponse en fréquence de I'ensemble
du systéeme.

5.5 Réponse directionnelle
5.5.1 Généralités

La réponse directionnelle et les grandeurs déterminées a partir de celle-ci ont fait I'objet de
nombreuses modifications par rapport a la premiére édition de I'lEC 62127-3. Les détails de la
justification de ces modifications peuvent étre consultés a I'Annexe B.

5.5.2 Détermination de la réponse directionnelle

La réponse directionnelle de I'hydrophone doit étre indiquée pour au moins trois,fréquences,
la plys basse fréquence et la plus haute fréquence étant aussi éloignées que possible I'une de
['autre.

— I} convient que la plus basse fréquence a laquelle a été déterminée la réppnse
djrectionnelle de I'hydrophone corresponde a la limite inférieure de la bandg de
frequences demandée au 5.4.1. Dans le cas contraire, la ou_lés ‘raisons de la variation
dpivent étre indiquées.

— Il convient que la plus haute fréquence a laquelle < été déterminée la réppnse
djrectionnelle de I'hydrophone corresponde a la limite supérieure de la bande de
frequences demandée au 5.4.1. Dans le cas contraire,) la ou les raisons de la variation
dpivent étre indiquées.

NPDTE La détermination expérimentale de la réponse directionnelle devient plus complexe a mesure fue la
frequence augmente. Par conséquent, la plus haute fréguence a laquelle il est pratique de déterminer la réponse
directionnelle de I'hydrophone peut étre inférieure a'la’bande de fréquences supérieures demandée au|5.4.1.
ependant, |a taille efficace de I'hydrophone deviént asymptotique 8 mesure que la fréquence augmente. Par
nséquent, la variation de la taille efficace de I"hydrophone est susceptible d'étre négligeable aux fréquences
périeures a la plus haute fréquence a laquelle,a été évaluée la réponse directionnelle.

C

C

S
— Lp fréquence médiane située a +15%-de la moyenne géométrique des fréquences inférjeure

ef supérieure a laquelle a été déterminée la réponse directionnelle de I'hydrophonje est
Ig troisiéme fréquence a laquelle la réponse directionnelle doit étre indiquée. Dans l¢ cas
bntraire, la ou les raisons-de‘la variation doivent étre indiquées.

c
— 8} la résonance d'épaisseur fondamentale de I'hydrophone se situe dans la plagg des
frequences inférieure ‘et supérieure indiquée dans le présent5.5.2, la réppnse
djrectionnelle a cette fréquence doit également étre indiquée. Dans le cas contraire, la ou
I¢s raisons de |a'variation doivent étre indiquées.

Il conjvient de mesurer la réponse directionnelle par rotation de I'hydrophone autour d'uh axe
qui fdasse paryle centre de référence et qui est perpendiculaire a I'axe de I'hydrophone,
comgris ausmoins entre -35° et +35° (avec I'axe de I'hydrophone en référence) ou au moins
entregl larvaleur minimale de gauche et la valeur minimale de droite, si cette portée angulaire est
mois|importante. Si cette méthode est utilisée, elle doit étre appliquée deux fois, a savoir autour
de deux axes de rotation perpendiculaires. Si, dans le plan perpendiculaire a son axe, un
hydrophone présente une direction distincte donnée (celle des fils électriques dans le cas d'un
hydrophone a membrane, par exemple), il convient d'orienter les axes de rotation dans cette
direction et perpendiculairement a celle-ci. Si I'élément actif n'est pas circulaire, I'un des axes
de rotation doit suivre la direction de la plus grande dimension. Les directions des axes de
rotation doivent étre identifiées par marquage sur I'hydrophone ou précisées dans la
documentation d'accompagnement.

L'incrément angulaire doit étre choisi de maniére a s'assurer que la variation entre les points
adjacents de la réponse directionnelle ne dépasse pas 1 dB.

La réponse directionnelle doit étre mesurée dans un champ ultrasonique d'onde quasi plane.
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