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The

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - PHYSIOTHERAPY SYSTEMS -
FIELD SPECIFICATIONS AND METHODS OF MEASUREMENT
IN THE FREQUENCY RANGE 0,5 MHz TO 5 MHz

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization.can

all national electrotechnical committees (IEC National Committees). The object of IEC is to promotetinter
co-gperation on all questions concerning standardization in the electrical and electronic fields. T@-this ¢

ina
Pub)

idition to other activities, IEC publishes International Standards, Technical Specifications, Technical H

pregaration is entrusted to technical committees; any IEC National Committee interested in 'the subject dg

withl the IEC also participate in this preparation. IEC collaborates closely with the Interbational Organiz

Sta

The
con
inte

IEC

dardization (ISO) in accordance with conditions determined by agreement between the two organiz

formal decisions or agreements of IEC on technical matters express, as néafly as possible, an inter
Eensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

Conpmittees in that sense. While all reasonable efforts are made, to énsure that the technical content

Pub)
mis

ications is accurate, IEC cannot be held responsible for_the way in which they are used or
nterpretation by any end user.

In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
trangparently to the maximum extent possible in their national'and regional publications. Any divergence |

any

IEC
ass

IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

itself does not provide any attestation of confarmiity. Independent certification bodies provide co
bssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible

ser\lices carried out by independent certification-bodies.

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

No

iability shall attach to IEC or its directors, employees, servants or agents including individual exp4g

members of its technical committees‘and IEC National Committees for any personal injury, property dar
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp
Pub)

bnses arising out of the pudblieation, use of, or reliance upon, this IEC Publication or any ot
ications.

Attelntion is drawn to the Narmative references cited in this publication. Use of the referenced publicd

indi

Epensable for the cofrect application of this publication.

Attention is drawn to the/possibility that some of the elements of this IEC Publication may be the subject o

righ

This r
the previous edition IEC 61689:2013. A vertical bar appears in the margin wherever a chan
been

s. IEC shall net.be held responsible for identifying any or all such patent rights.

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)"}.

hprising
ational
nd and
eports,
Their
alt with

tion for
ions.

may| participate in this preparatory work. International, governmental and non-governmental organizationsiliaising

hational
rom all

Publications have the form of recommendations for internationalk use and are accepted by IEC National

of IEC
for any

cations
etween
E |atter.

formity
for any

rts and
hage or
ps) and
er IEC

tions is

f patent

dline“version of the official IEC Standard allows the user to identify the changes made to

je has

ade. Additions are in green text, deletions are in strikethrough red text.
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IEC 61689 has been prepared by IEC technical committee 87: Ultrasonics. It is an International
Standard.

This fourth edition cancels and replaces the third edition published in 2013. This edition
constitutes a technical revision.

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

a) Th
b) Fo

c) Set
d) The formerly informative Annex A has been changed to become normativé,—an

Cco

e) Anhex D has been considerably shortened and reference to a now withdrawn regt

do

The tgxt of this International Standard is based on the following documénts:

Full in

the ablove table.

The lgnguage used for the development of this.international Standard is English.

This d
accorq
at ww
descri

NOTE

e Re
e No
e Wo
e Sy
e Co

e requirement on water oxygen content is specified in 6.1.

rmer recommendations in 6.2 have been changed to become requirements.

eral definitions in Clause 3 have been updated in line with other TC 87 documen‘s.

htains details on how conformance with IEC 60601-2-5 requirements is chécked.

cument has been removed.

Draft Report on voting

87/784/FDIS 87/789/RVD

formation on the voting for its approval can befound in the report on voting indica

ocument was drafted in accordance with ISO/IEC Directives, Part 2, and develo

Ww.iec.ch/members_experts/refdocs. The main document types developed by IE
bed in greater detail at wwwliec.ch/standardsdev/publications.

The following print types are~used:
luirements: in Arial 10«point

es: in Arial 8 point

rds in bold in the text are defined in Clause 3
hbols and formulae: Times New Roman + Italic

mpliance ctauses: in Arial Italic

i now

latory

ted in

bed in

ance with ISO/IEC Directives, Pakt'1 and ISO/IEC Directives, IEC Supplement, available

C are

The committee has decided that the contents of this document will remain unchanged until the
stabiliwmwgwwm the

specif

ic 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 publication 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

Ultrasound at low megahertz frequencies is widely used in medicine for the purposes of
physiotherapy. Such equipment consists of a generator of high frequency electrical energy
and usually a hand-held treatment head, often referred to as an applicator. The treatment
head contains a transducer, usually a disc of piezoelectric material, for converting the electrical
energy to ultrasound and is often designed for contact with the human body.
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ULTRASONICS - PHYSIOTHERAPY SYSTEMS -
FIELD SPECIFICATIONS AND METHODS OF MEASUREMENT
IN THE FREQUENCY RANGE 0,5 MHz TO 5 MHz

1 Scope

This document is applicable to ultrasonic equipment designed for physiotherapy containing an
ultrasent 3 ey ereratig—conttous—or—cuasteontintogts—fec—torre—ursth wave
ultrasjpund in the frequency range 0,5 MHz to 5 MHz. This document only relates to ultrdsonic
physiptherapy equipment employing a single plane non-focusing circular transducer per
treatment head, producing static beams perpendicular to the face of the treatment heaf.

This document specifies:

e mgthods of measurement and characterization of the output of ultrasonic physiotherapy
equipment based on reference testing methods;

e characteristics to be specified by manufacturers of ultrasonic physiotherapy equipment
baged on reference testing methods;

e gujdelines for safety of the ultrasonic field generated by ultrasonic physiotherapy
equipment;
e magthods of measurement and characterization of‘the output of ultrasonic physiotherapy
equipment based on routine testing methods;

e acfeptance criteria for aspects of the output of ultrasonic physiotherapy equipment
baged on routine testing methods.

Therapeutic value and methods of use ¢failtrasonic physiotherapy equipment are not|within
the scppe of this document.

Ultragonic physiotherapy equifpment using ultrasound in the frequency range from 30 kHz
to 500 kHz is dealt with in IEC 63009.

2 Noprmative referénces

The following documents are referred to in the text in such a way that some or all of their cpntent
constifutes requirements of this document. For dated references, only the edition cited applies.
For undated-references, the latest edition of the referenced document (including any
amendmehnts) applies.

IEC 60601-1, Medical electrical equipment — Part 1: General requirements for basic safety and
essential performance

IEC 60601-2-5, Medical electrical equipment — Part 2-5: Particular requirements for the basic
safety and essential performance of ultrasonic physiotherapy equipment

IEC 61161:2043, Ultrasonics — Power measurement — Radiation force balances and
performance requirements

IEC 62127-1:200%, Ultrasonics — Hydrophones — Part 1: Measurement and characterization of

medical ultrasonic fields-up-to-40-MHz
Amendment 12013
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

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

TChas oA arcas 4o T ient-to
ooH—a SR edttareds—ant HE—O
n

ixes-in-eombination
HXEes A

3.1
absoltite maximum rated output power
sum of the rated output power, the 95 % confidence overall uncertainty“in the rated qutput
powel, and the maximum increase in the rated output power for a +10(% variation in thg rated
value pf the mains voltage

Note 1 [o entry: The possibility of variation in the rated output power resulting from +10 % variation in thHe rated
value of the mains voltage should be checked by using a variable outputitransformer between the mains |voltage
supply and the ultrasonic physiotherapy equipment. See Clause A.2 forfurther guidance.

Note 2 fo entry: Absolute maximum rated output power is expressed in watts (W).

3.2
active area coefficient

0

quotient of the active area gradient, m, and the beam cross-sectional area at 0,3 cm from
the fage of the treatment head, 4g-5(0,3°cm)

Note 1 jo entry: Active area coefficient js‘expressed in units of one per metre (m™").

3.3
active area gradient

; ngé@—%—%d—ﬁ%—beam—eress-seehmweaﬂa{—the—pesmgn—eﬁhe%s
ma*irr&maeeusﬂ&p;esswe%%s(zN)—vepsu&d%taﬂee
ratio df the difierence of the beam cross-sectional area at z,, Agcg(zy), and the beam ¢ross-

sectignal‘area at 0,3 cm from the face of the treatment head, 45-5(0,3 cm), divided py the
difference’ of the respective distances

_A scs(zy ) — 4gcs (0,3 cm)

1
zy —0,3cm (1)
where
Agcs is the beam cross-sectional area;
zy is the distance from the face of the treatment head to the last maximum of the RMS

acoustic pressure on the beam alignment axis

Note 1 to entry: Active area gradient is expressed in metres (m).
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[SOURCE: IEC 61689:2013, 3.3, modified — The calculation scheme of the gradient was added
to the definition, and the formula was added.]

3.4

absolute maximum beam non-uniformity ratio

beam non-uniformity ratio plus the 95 % confidence overall uncertainty in the beam non-
uniformity ratio

3.5
absolute maximum effective intensity
value of the effective intensity corresponding to the absolute maximum rated output power

and the—absotuteminimum—effectiveradiatingareafromtheequipment

3.6
absolute minimum effective radiating area
effectjve radiating area minus the 95 % confidence overall uncertaintycinizthe effpctive
radiating area

3.7
acouztic-working frequency
acousgtic frequency

fawf
frequgncy of an acoustic signal based on the observation of the output of a hydrophone placed
in an acoustic field at the position corresponding to the spatial-peak temporal-peak acpustic
presspre

Note 1 Jo entry: The signal is analysed using either the zeto-¢rossing acoustic-working frequency technique or
a spectfum analysis method. Acoustic-working frequenciessare defined in 3.7.1 and 3.7.2.

Note 2 [to entry: In a number of cases the present definition is not very helpful or convenient, especj|ally for
broadbgnd transducers. In that case a full descriptiofn of the frequency spectrum should be given in order tg enable
any frequency-dependent correction to the signals

Note 3 jo entry: Acoustic frequency is expressed in hertz (Hz).

[SOURCE: IEC 62127-1:2007-Ameéndment4:2043, 3.3]

3.7.1
arithmetic-mean acoustic-working frequency

f awf

arithmetic mean of.the most widely separated frequencies f; and f,, within the range of three
times |}, at which the magnitude of the acoustic pressure spectrum is 3 dB below thg peak
magnifude

Note 1 foventry: This frequency definition usually is intended for-pulse-wave systems that produce shor{ pulses
containing only a few cycles, but it could be used for tone bursts.

Note 2 to entry: It is assumed that 1, < f,.

Note 3 to entry: If £, is not found within the range < 3f, 1, is to be understood as the lowest frequency above this
range at which the spectrum magnitude is 3 dB below the peak magnitude.

[SOURCE: IEC 62127-1:2007 and IEC 62127-1:2007/AMD1:2013, 3.3.2, modified — Note-3 1 to
entry has been-added modified.]

3.7.2

zero-crossing acoustic-working frequency

fawf

number, n, of consecutive half-cycles (irrespective of polarity) divided by twice the time between
the commencement of the first half-cycle and the end of the n-th half-cycle
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Note 1 to entry: None of the n consecutive half-cycles should show evidence of phase change.

Note 2 to entry: The measurement should be performed at terminals in the receiver that are as close as possible to
the receiving transducer (hydrophone) and, in all cases, before rectification.

Note 3 to entry: This frequency is determined in accordance with the procedure specified in IEC TR 60854.

Note 4 to entry: This frequency is intended for continuous wave or quasi-continuous-wave (e.g. tone-burst)
systems only.

[SOURCE: IEC 62127-1:2007/AMD1:2013, 3.3.1, modified — In Note 4 to entry, "or quasi-
continuous-wave (e.g. tone-burst)" has been added.]

3.8
acouthic pulse waveform
tempofral 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 aqoustic
informiation in a single pulse or tone-burst, or one or more cycles in a continuous wave

Note 1 |to entry: Temporal waveform is a representation (e.g. oscilloscope presentatiph or equation)| of the
instanthneous acoustic pressure.

[SOURCE: IEC 62127-1:2007 and IEC 62127-1:2007/AMD1:2013, @)1,-medified — delefion of
NOTE|2]

3.9
acoustic repetition period

arp
pulsejrepetition period equal to the time interval between corresponding points of consgcutive
cycled for continuous wave systems

Note 1 jo entry: Acoustic repetition period is expressed in seconds (s).

[SOURCE: IEC 62127-1:2007-Amendmeid1:20143, 3.2, modified — The definition-cited-aove-is
has bgen made more specific for non-scanning systems.]

3.10
amplifude modulated wave
wave n which the ratio—#,+~2p s piy/(V2pgys) at any point in the far field on the |beam

alignment axis is greatet'than 1,05, wherep,, py, is the temporal-peak acoustic pressufe and
Pems PRus 1S the RMS acoustic pressure

3.11
attachment<head
accesgorylintended to be attached to the treatment head for the purpose of modifying the
ultrasgnic-beam characteristics

[SOURCE: IEC 60601-2-5:2009, 201-3-202]

3.12
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straight line joining two points of maximum RMS acoustic pressure on two plane surfaces
parallel to the faces of the treatment head at specific distances

Note 1 to entry: One plane is at a distance of approximately a2/. where « is the geometrical radius of the active
element of the treatment head. The second plane surface is at a distance of either 242/4 or a?/(34), whichever is the
more appropriate. For the purposes of alignment, this line may be projected to the face of the treatment head.

Note 2 to entry: As the beam alignment axis is used purely for the purposes of alignment, the definitions of specific
distances may be relaxed slightly to reflect the constraints of the measurement system employed. For example, some
treatment heads will have-4_,, A=t} a?/) considerably greater than 12 cm, in which case a maximum distance of 12
cm mav-be-used-to-define-the-first rr"_\lnr\n General guirlnlinne for Anfnrmining the beam nlignmnnf axis—ate-qiven in

7.3.

3.13
beam|cross-sectional area

4gcs
minimum area in a specified plane perpendicular to the beam alignment axis for whigh the
sum df the mean square acoustic pressure is 75 % of the total mean square acoustic
presspre

Note 1 {o entry: Beam cross-sectional area is expressed in units of square/mette (m2).

Note 2 o entry: The rationale supporting the definition is described in Anhex D.

3.14
beam|maximum intensity
produ¢t of the beam non-uniformity ratio and effective intensity

Note 1 {o entry: Beam maximum intensity is expressed.in units of watt per square metre (W/m?2).

3.15
beam|non-uniformity ratio
RN
ratio 9f the square of the maximum RMS acoustic pressure to the spatial average [of the
squargé of the RMS acoustic pressure, where the spatial average is taken over the effpctive

radiating area-Beam-non-uniformity ratio-is-givenby:

2
Ren= Pmax 4ER

H
- pmsy 4g
Pz A
RBN _ max,RMS ER (2)
pms g

where

Pmax.rMs 1S the maximum RMS acoustic pressure;

AgR is the effective radiating area;

pms; is the total mean square acoustic pressure;
Ag is the unit area for the raster scan.

3.16

beam type

descriptive classification of the ultrasonic beam

Note 1 to entry: There are three beam types: collimated (3.18), convergent (3.19) and divergent (3.20).
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3.17

continuous wave

wave in which the rati04919/472119”HS ptp/(\/Z PrMs), at any point in the far field on the beam
alignment axis, is less than or equal to 1,05, where—pp Ptp is the temporal-peak acoustic
pressure and pg\s is the RMS acoustic pressure

3.18
collimated
<beam> having an active area coefficient, 0, that obeys the following inequality

-0,05cm-1'<0<0,1cm!

3.19
convgrgent
<bean> having an active area coefficient, O, that obeys the following inequality

0<-0,05 cm!

3.20
divergent
<bean> having an active area coefficient, 0, that obeys the following inequality

0>0, cm1

3.21

duty factor

ratio df the pulse duration to the pulse repetition-period
3.22

effectjve intensity

1,

e
intensjty given by I/, = P/Agg where*P-is the output power and 4y is the effective radiating

area

Note 1 o entry: Effective intensity is expressed in units of watt per square metre (W/m?2).

3.23
effectjve radiating area
Agr
beam|cross-sectional area determined at a distance of 0,3 cm from the front of the treatment
head,|4g5(0:3°cm), multiplied by a dimensionless factor F,. equal to 1,333

Note 1 fo‘entry: The conversion factor F__is used here in order to derive the area close to the treatment head
which contains 100 % of the total mean square acoustic pressure. The origin of the value of F__ is described in

Annex E; in references [1} and [2] in- Annex K.

Note 2 to entry: Effective radiating area is expressed in units of square metre (m?).

3.24
end-of-cable loaded sensitivity

end-of-cable loaded sensitivity of a hydrophone
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My (f)

<of a hydrophone or hydrophone assembly> quotient of the Fourier transformed hydrophone
voltage-time signal F(u (¢)) 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 free field of a

plane wave in the position of the reference centre of the hydrophone if the hydrophone were

removed
(1 (1))
M, (f) = F (3)
(p(1))

Note 1 o entry: The end-of-cable loaded sensitivity is a complex-valued parameteX_Jts modulus is exprgssed in
units of|volt per pascal (V/Pa), its phase angle is expressed in degrees, and represefts the phase difference Hetween
the elegtrical voltage and the sound pressure.
[SOURCE: IEC 61828:2020, 3.50]
3.25
far fielld
region of the field where z > z1 aligned along the beam axis for planar non-focusing transdgucers
where|z is the distance from the face of the treatment head to a specified point on the|beam
alignment axis
Note 1 [o entry: In the far field, the sound pressure appears to be spherically divergent from a point on|or near
the radfating surface. Hence the pressure produced by the sound source is approximately inversely proporfional to
the disthnce from the source.
Note 2 |[to entry: The term "far field"-is~used in this document only in connection with non-focusing|source
transdugers. For focusing transducers. a-different terminology for the various parts of the transmitted field|applies
(see IEC 61828).
Note 3 fo entry: For the purpeses of this document, the far field starts at a distance where z; = Agg\/(nd) where
Aggy is| the nominal value.of the effective radiating area of the treatment head and 1 is the wavelengtl of the
ultrasound corresponding./to the acoustic working frequency.—Fthis—differs—from—the NOTE—inEC§2127-1
[SOURCE: IEC 62127-1:2007/AMD1:2013, 3.28, modified —The-above-definition-hasreplaced
the Ngte-3-fe-entry In the definition, specification of z has been added and Note 3 to entry has
been feplaeed to provide specific information on zq]
3.26
hydrophone

transducer that produces electrical signals in response to-waterberne-acoustic-sighals pressure
fluctuations in water

Note 1 to entry:

Note 2 to entry: In some applications, a hydrophone is used as an active device to transmit sound.

[SOURCE: IEC 60050-801:49942021, 801-32-26]

A hydrophone is principally a passive device designed and built to respond to sound pressure.
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3.27
instantaneous acoustic pressure

p(1)
pressure at a particular instant in time and at a particular point in an acoustic field, minus the
ambient pressure

Note 1 to entry: Instantaneous acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC 60050-802:2011, 802-01-03;—meodified—onlygrammatical,plus—addition-of-the
letod e oning]

3.28
maxirﬁum RMS acoustic pressure

Pmax,RAMS

maximum value-of-the-rms—acousticpressure—detected-by ahydrophone over the|entire

acoustic field of the RMS acoustic pressure

Note 1 fo entry: Maximum RMS acoustic pressure is expressed in pascals (Pa).

3.29
mean[square acoustic pressure
mean gquare of the instantaneous acoustic pressure at a particular point in the acousti¢ field,
taken pver an integral number of acoustic repetition periods

Note 1 o entry: In practice, the mean value is often derived from RMS measurements.
Note 2 {o entry: Mean square acoustic pressure is expressed if units of pascal squared (Pa?).

3.30
moduljation waveform
temporal envelope waveform of the amplitude modulated wave at the point of pea RMS
acougtic pressure on the beam alignment axis and displayed over a period sufficiently long
to include all significant acoustic information in the amplitude modulated wave

Note 1 o entry: See Annex K for exampies.

3.31
output power
P
time-gverage ultrasonic“/power emitted by a treatment head of ultrasonic physiotherapy
equipment into anvapproximately free field under specified conditions in a specified mgdium,
preferpbly in water

Note 1 jo entryi ~Output power is expressed in watts (W).

[SOUREEZIEC 61161:2013, 3.3, modified — In the definition, "ultrasonic transducer" has been
replaced by "treatment head of ultrasonic physiotherapy equipment™]

3.32

peak RMS acoustic pressure

maximum value of the RMS acoustic pressure over a specified region, line or plane in an
acoustic field

Note 1 to entry: Peak RMS acoustic pressure is expressed in pascals (Pa).

3.33
pulse duration
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time interval beginning when the modulation waveform exceeds a reference value and ending
at the next time the modulation waveform returns to that value

Note 1 to entry: The reference value is equal to the sum of the minimum value of the modulation waveform and
10 % of the difference between the maximum and minimum value of the modulation waveform.

Note 2 to entry: This definition differs from that in IEC 62127-1:2007-Amendment-1:2013,from-which-it-is-derived;
to-account-forincomplete-modulation to be applicable to amplitude modulated waves.

Note 3 to entry: See Annex K for examples.

Note 4 to entry: Pulse duration is expressed in seconds (s).

3.34
pulse|repetition period
prp
time i'TDtervaI between equivalent points on-successivepulses—or-tone-bursts the modullation

wavefiorm for an amplitude modulated wave

Note 1 jo entry: See Annex K for examples.

Note 2 fo entry: Pulse repetition period is expressed in seconds (s).

afinition—3 51 “Modified NOTE from
e HAHHOH ot oaHtea NG HO

3 T+ o

pulse|repetition rate

prr
reciprpcal of the pulse repetition period

Note 1 fo entry: The pulse repetition rate is equal to‘\therepetition frequency of the modulated waveform.

Note 2 fo entry: The pulse repetition rate is expressed in hertz (Hz)

[SOURCE: IEC 62127-1:2007-Amendment1:2013, 3.52, modified — Note 1 to entry differs from
the orjginal NOTE 1.]

3.36
rated joutput power
maximum output power of the ultrasonic physiotherapy equipment at the rated value|of the
mains|voltage, with control settings configured to deliver maximum output power

Note 1 jo entry: Rated output power is expressed in watts (W).

3.37
RMS acoustic pressure
pRMST
root-mean-square (RMS) of the instantaneous acoustic pressure at a particular point in an
acoustic field

Note 1 to entry: The mean should be taken over an integral number of acoustic repetition periods unless
otherwise specified.

Note 2 to entry: RMS acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC 62127-1:2007-Amendment4:2043, 3.53]

3.38
spatial-peak temporal-peak acoustic pressure

Psptp
larger of the peak-compressional acoustic pressure or the peak-rarefactional acoustic pressure
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Note 1 to entry: Spatial-peak temporal-peak acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC 62127-1:2007-Amendment4:2043, 3.63]

3.39

temporal-maximum output power

Ptm

<for an amplitude modulated wave>-the-temporal-maximum-output-power-is-givenby actual

output power scaled by half of the squared ratio of the temporal-peak acoustic pressure and
the RMS acoustic pressure

where
P

Pp Ptp
PRMS

Note 1
point off

Note 2

3.40

is the actual output power under amplitude modulated wave conditions;

is the temporal-peak acoustic pressure;

is the-true RMS acoustic pressure.

o entry: Bothfﬁpptp and pgrys are measured-underamplitude-modulated-waveconditionsand ata s

the beam alignment axis.

o entry: Temporal-maximum output power'is expressed in watts (W).

total mean square acoustic pressure

pmsy
sum o
a spe(

Note 1

3.41
tempg
[m
<for a

f the mean square acoustic pressure values, each with a specified incremental a
ified plane over specified limits of summation

o entry: Total mean-square acoustic pressure is expressed in units of pascal squared (Pa?).

ral-maximum intensity

of the

A~
[ON]
<>

becified

Fea, in

h amplitude modulated wave>-the-temporal-maximum-intensity-isgiven by qTotient

tefmporal-maximum output power and the effective radiating area

where

Ptm

=
Agr

Py, is the temporal-maximum output power;

Agr is the effective radiating area.

Note 1 to entry: Temporal-maximum intensity is expressed in units of watt per square metre (W/m?).

(%)
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maximum value of the modulus of the instantaneous acoustic pressure at a particular point
in an acoustic field

Note 1 to entry: Temporal-peak acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC 62127-1:2007-Amendment1:2013, 3.67]

3.43

treatment-head
assen|bly comprising one ultrasonic transducer and associated parts for local applica
ultrasjpund to the patient

[SOURCE: IEC 60601-2-5:2009, 201.3.214, modified — The NOTE has not been.included.

3.44

ultras
devicqd capable of converting electrical energy to mechanical energy within the ultr
frequgncy range and/or reciprocally of converting mechanical enérgy to electrical energy

[SOURCE: IEC 62127-1:2007-Amendment4:2043, 3.73]

3.45

ultras|
acous
20 kH

[SOURCE: IEC 60050-802:2011, 802-01-04]

3.46

ultras
equipment
equipr
purpo

Note 1

eqyipment in whiehultrasound waves are intended to destroy conglomerates (for example stones in the
or fhe bladder)f-tissue of any type;

eqyipment W™which a tool is driven by ultrasound (for example surgical scalpels, phacoemulsifiers
scdlers pr Mtracorporeal lithotripters);

eqyipment in which ultrasound waves are intended to sensitize tissue to further therapies (for example r

or

lonic transducer

jound
ic oscillation whose frequency is above théhigh-frequency limit of audible sound

7)

jonic physiotherapy equipment

bES

o entry: Excluded equipment includes, but is not limited to:

ion of

hsonic

about

hent for the generation/and application of ultrasound to a patient for thergpeutic

Kidneys

dental

hdiation

hewmotherapy):

equipment in which ultrasound waves are intended to treat cancerous (i.e. malignant) or pre-cancerous tissue,
or benign masses, such as high intensity focused ultrasound (HIFU) or high intensity therapeutic ultrasound
(HITU).

[SOURCE: IEC 60601-2-5:2009, 201.3.216, modified — The NOTE has been-emitted modified
to give some examples of excluded equipment.]
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4 Symbols

a

Agcs
Agcs(0,3 cm)

geometrical radius of the active element of a treatment head
beam cross-sectional area

beam cross-sectional area evaluated at 0,3 cm from the front face of the
treatment head

Agcs(zy) beam cross-sectional area evaluated at the position of the last axial
maximum, z,

AgR effective radiating area of a treatment head

Aeg B R R R B A A e O R R R R R .

aq geometrical radius of the active element of a hydrophone

AQL geometriealareaolthefoccofateanlparnt hoad

Amax max|mum
effective hydrophone size, defined in IEC 62127-1

A, unit area for a raster scan

arp acoustic repetition period

b minimum radius of a target for a radiation foree’balance

c speed of sound in water

ERD echo reduction

Sawt acoustic working frequency

Fae conversion factor to convert 4g-5(0,3 cm) to 4gg

I effective intensity

Iy temporal maximum intensity

k (= 2n/2) circular wave number

m active area gradient

M, M, end-of-cable loaded sensitivity of a hydrophone

P outputpower of a treatment head

Pim temporal-maximum output power

p(1) instantaneous acoustic pressure

Pp Pty temporal-peak acoustic pressure

Psptp spatial-peak temporal-peak acoustic pressure

Pmax.RMs —— maximumRMS—acousticpressure

PRMS RMS acoustic pressure

pmsy total mean square acoustic pressure

psds) | . . i 4 i

prp pulse repetition period

prr pulse repetition rate

(0] active area coefficient

R ratio of the peak RMS acoustic pressure to the RMS acoustic pressure

averaged over the beam cross-sectional area in a specified plane
beam non-uniformity ratio
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step size for a raster scan

2o f , "

normalized distance from the face of the transducer to a specified point on

the beam alignment axis

end-of-cable voltage for a hydrophone
hydrophone signal for the i-th scan point
maximum-value of the hydrophone voltage

RMS noise voltage

distance from the face of the treatment head to a specified point'o
beam alignment axis

distance from the face of the treatment head to the measurement
(perpendicular to the beam alignment axis) of interest

h the

blane

distance-of-the-last-axial-maximum from the face of the treatment hepd to

the last maximum of the RMS acoustic pressure ondthe beam align
axis

distance—eof-thepeak-rms—acousticpressure fram the—front face o

ment

f the

treatment head to the peak RMS acoustic) pressure on the heam

alignment axis

ultrasonic wavelength

density of water

In add

specif]
para

trasonic field specifications

ition to the general requirements“specified in IEC 60601-1 and specific requirgments

ed in IEC 60601-2-5, manufacturers shall specify nominal values for the fol
eters in the accompanying literature for each type of treatment head:

— rafed output power (+20'%);

— effective radiating area (4ggy) of the treatment head (+20 %);

— effective intensity (7,) at the same equipment settings as the nominal value
rafed output power (£30 %);

— acpustic working frequency (7,,s) (£10 %);

— bejam pon-uniformity ratio (Rgy) (+30 %);

owing

bf the

— bepmvmaximum intensity (+30 %);

— beam type;

— pulse duration, pulse repetition period (prp), duty factor and the ratio of the temporal
maximum output power to the output power for each modulation setting (x5 %);

— modulation waveform for each modulation setting.

The numbers given in brackets are the tolerances defining the range of acceptable values for
the results of either the type testing reference measurements specified in Clause 7 or the
routine measurements specified in Clause 8. If the published tolerance requirement cannot be
met, then the 95 % confidence level that is achievable should be reported. It shall then be
demonstrated that the reported value, when incorporated with the tolerance so as to produce
the "worst case" value, remains within the range of acceptable values, as specified in
IEC 60601-2-5, and on which-guidanee-is more details are provided in Annex A.
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The temperature range shall be specified for the parameters specified above. The range of line
voltages shall also be specified.

For ultrasonic physiotherapy equipment using a treatment head capable of operating at
more than one nominal value of acoustic working frequency, the parameters listed above
shall be specified for each nominal value of acoustic working frequency.

In addition, for ultrasonic physiotherapy equipment which can use an attachment head, the
parameters listed above shall be specified for each combination of attachment head and
treatment head.

NOTE [This document does not confain requirements relaling to safety: these are covered in IEC 60401-2-5.
Howevdr, the requirements of IEC 60601-2-5 on parameters of this document, as well as guidance on perfgrmance
and safpty, can be found in Annex A.

6 Copnditions of measurement and test equipment used

6.1 General

All mgasurements undertaken in water shall be under approximately. free-field conditiorls at a
tempefature of 22 °C + 3 °C.

If medsurements are carried out at any other temperature, altest shall be undertaken tq show
that the results, determined in accordance with 7.6 and~8.6, are not dependent gn the
temperature at which the tests were undertaken.

Degagsed water shall be used for the measurement of ultrasonic power, see Clause 7.

Degagsed water is not essential for the hydrophone measurements, see 7.3. The amdunt of

dissolyed oxygen in the degassed water shallbe < 4 mg/l during all measurements.

NOTE |Degassed water is essential to avoid cavitation when the physiotherapy units are operated at or rjear full
output [power. Information on preparation of water suitable for physiotherapy measurements-may can be found in

IEC 61161, IEC TR 62781 and in [1]1.

All mdasurements shall be maderafter the warm-up period specified by the manufacturer. If no
such period is specified, a periad of 30 min shall be used.

6.2 |Test vessel

The tgst vessel used for all hydrophone measurements shall be large enough to allgw the
immersion of both-the treatment head and the hydrophone. The tank size should confprm to
IEC 62127-1.

The relative position and angular orientation of the treatment head and hydrophone-$hould
shall be-adgiustableforthepurposesofatgarmentiraceordanee-withHECc-62427+4+—+uH-degrees
of freedom of movement of both may be provided, although the minimum requirement is that
either the treatment head or the hydrophone-should shall possess three independent degrees
of translational movement. The measurements—should shall be performed under free-field
conditions. To achieve these conditions, it may be necessary to line the walls of the test vessel
as well as the mounts used to hold the treatment head and the hydrophone with absorbers or
angled reflector(s) and absorber(s) of higher absorption and lower scatter. The free-field
conditions will be met sufficiently when the overall echo is reduced by more than 25 dB. Various
methods can be used to check the compllance for echo reductlon of the tank lining materials

1

Numbers in square brackets refer to the Bibliography.
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Compliance for overall echo reduction of an acoustic absorber may be checked using the
following procedure from IEC TS 63081. If echo reduction—sheuid is determined it shall be
measured at the acoustic working frequency of the treatment head under test using tone-
burst ultrasound, with the acoust/c absorber /ocated in the far field of the separately dr/ven
ultrasonlc transducer. ; : i ,

L]
=_20|og ___absorber.
10 U

reflector

The pressure amplitude of the reflection from the front surface of(¢he acoustic abdorber,
Pabsorber 1S cOmpared to that from a perfect planar reflector, p,qsd6m,~ The acoustic abporber

and the reference reflector shall be aligned near normal to the beam alignment axis but angled
so thdt the reflected signal can be intercepted by the hydrophone. Given that the amplitude

reflecfion coefficient of a reference reflector R, rofector SHEN as a stainless-steel reflector
(R, reflector = 0,938 9) is slightly less than that of a_gerfect reflector (R, refiector = 1), the
measyred reflection pressure amplitude p,ps0per CaVPe/adjusted to account for the imperfect

reflection in accordance with

lsabsorber (f) = Pabsorber (f) ’ Rp,reflector (6)

The e¢ho reduction ERD in decibels. (dB) is then calculated using

ERD = —20 logy [M}B (7)

Preflector

When|a reference reflector is used, its thickness shall be sufficient that reflections from ifs rear
surfacle dgneft introduce unwanted measurement artefacts.

Compliarice of the test vesSel to free-fiefd Tomaitions s checked by rroting theinvariarnce of the
product pms; - s2 (see-7-4-6 7.4.7) after completing the measurements specified in Clause 7.

NOTE For some treatment heads, ultrasound reflected back to the treatment head-may can affect output power,
particularly in the case of coherent reflections from absorbers with planar smooth surfaces. In these instances, an
improved approximation to free-field conditions—may can be obtained by using acoustic absorbers with textured
surfaces.

6.3 Hydrophone

: . - All pressure
measurements shall be made W|th a hydrophone, for example, W|th either a piezoelectric
polymer or ceramic active element. The electrical signal from the hydrophone may be amplified
for adequate measurement accuracy. The maximum effective radius of the hydrophone used
for the measurements shall be a,,, so that:
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/10,4 (8)

9max

NOTE 1 For more information on the use of hydrophones see IEC 62127-1.
NOTE 2 The influence of effective hydrophone radius on measurement is described in Annex H.

NOTE 3 Information on the frequency-dependent effective hydrophone radius or size and its derivation from
directional response measurements can be found in IEC 62127-3.

6.4 RMS-or peak signal measurement

The rneasured@-of-cable voltage u () at the hydrophone shall be related fo the
instartaneo é)acoustic pressure p applying the end-of-cable loaded sensitivity M, |of the

hydrojph in accordance with IEC 62127-1. If distortion caused by nonlinear propalgation
effects i gligible, the narrow-band approximation can be applied, and the instantaheous
acousdti ure can he determined from

p(1) = u (1) 1 1M (fawel (9)

where |M, (fawi)l is the modulus of the end-of-cable loaded sensitivity of the hydrophone at

the acoustic-working frequency. However, in practice, the absolute values of the acoustic
pressure are not required as the analysis of measured data throughout this document is based
on relative hydrophone measurements.

NOTE 1 For more information on criteria for the narrow-band approximation, and alternatives for broadband
measurements using the frequency-dependent sensitivity of the hydrophone, see IEC 62127-1.

NOTE 2 For more information on the determination of the hydrophone sensitivities see IEC 62127-2.
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Subsequent reference to acoustic pressure will refer to the RMS acoustic pressure for
convenience. In fact, if distortion caused by nonlinear propagation effects is negligible, in which
case the temporal-peak acoustic pressure is proportional to the RMS acoustic pressure as
the excitation voltage to the ultrasonic transducer is increased, temporal-peak acoustic
pressure may as well be chosen. All measurements need to be based on the same method.

The linearity of the response of the combination of hydrophone, hydrophone/amplifier and the
RMS or peak detection system shall be determined and, if appropriate, corrections shall be
made to the measured data.

Compliance for linearity shall be checked using a well-characterized linear ultrasonic

transghucer—armcrmeasurimythe—sigmatrecerved-bythefhrydrophome—amd-measurmmg—system as

a funcfion of voltage excitation applied to the ultrasonic transducer.

7 Type testing reference procedures and measurements

71 General

The procedures specified in 7.2 to 7.4 shall be used for the determination of type festing
reference values for the parameters specified in 7.5.

Any ultrasonic physiotherapy equipment that includes circuits'that control the acoustic putput
of thg ultrasonic transducer in response to changes in’the acoustic impedance pf the
propagation medium-should shall be configured so thatthe control circuitry is switched off, if
possiljle.

7.2 |Rated output power

Outpyt power of the ultrasonic physiotherapy equipment shall be determined in accorjdance
with IEC 61161. Rated output power shall be determined by setting all controls pf the
equipment to yield the maximum output'\power. To avoid cavitation, degassed water shall be
used |between the output face of(the treatment head and the entrance of the [power
measyrement system. The amounfof’dissolved oxygen in the degassed water shall be <@ mg/I
during all measurements. Overall uncertainty of measurement expressed at the| 95 %
confidence level shall be determined (see 9.3) and-sheould shall be better than #15 %.
Measurements-should shall be traceable to national measurement standards. The absolute
maximum rated output.power shall be determined from the sum of the rated output power
and the overall uncertainty in the mean value of the measured rated output power apd the
maximum increasedin the rated output power for a 10 % variation in the nominal line vgltage.
(See Annex F.)

7.3 |Hydrophone measurements

The treatment head shall be set up in the test vessel in accordance with Clause 6.
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All measurements of effective radiating area shall be undertaken with the equipment set in
continuous wave mode at intensities low enough to avoid cavitation. Using degassed water in
the measurement system is good practice to ensure that air bubbles are not present on the face
of the treatment head or on the hydrophone.

NOTE 1 Measurements of beam cross-sectional area are performed at low powers to protect the needle
hydrophones used. The validity of extrapolating these values to higher power levels more typical of therapeutic
treatment is demonstrated in Annex G.

NOTE 2 Treatment heads with a £ 10 mm, when compared with treatment heads of larger dimensions operating
at similar equipment output settings, have been observed to produce higher temporal-peak acoustic pressure
levels. For treatment heads with an acoustic-working frequency of 1 MHz or less, this increases the risk of
cavitation occurring. The lower limit of 0,2 W/cm? for these small ka treatment heads minimizes this likelihood.

To reduce the likely effects of acoustic reflections on the received hydrophone signdgl, it is
permigsible to make hydrophone measurements with the ultrasonic physiotherapy
equipment operating in tone-burst mode producing an amplitude modulated wave. If
measyrements are carried out in this way, it-sheuld shall be demonstrated that/the derivation
of the [Imeasured parameters from the amplitude modulated wave acoustic field are equivalent
to thoge determined in the continuous wave case. The effect of making,'measurements|in the
amplitfude modulated wave acoustic field case on the uncertainties inythe nominal values of
the parameters listed in Clause 5 should also be assessed.

in accprdance with IEC 62127-1. The second plane surface {see 3.12)-should shall initially be
chosen as AggN/(374). If it is not possible to locate a single“peak at or close to this distance,

the larger distance of 24g\/(ni)-should shall be chosen. If this latter distance is too|large,

locate|another measurement plane sufficiently far fram+the first in order to establish reliably the
beam| alignment axis. Once aligned, an axial\plot shall be performed along the [beam
alignment axis and the distance of the-plane-gf maximum RMS acoustic pressure, s and

the pgsition of the last axial maximum, z,, shall be determined. It may occur that z, and [, are
equal.

The bgéam alignment axis of the treatment head shall be established by hydrophone scEnning

The step size of the axial plot-sheuld.shall be typically between 0,5 mm and 1,0 mm, and shall
not bg greater than 2 mm.

The agoustic-working frequency shall be determined with the hydrophone at a distahce =
from the treatment head:

With the hydrophone positioned at the same place, the pulse duration, pulse repétition
period and dutyfactor shall be determined, and the modulation waveform shall be regorded
for thg differenty'modulation settings of the equipment. The quotient of the temporal-peak
acousdtic pressure to the RMS acoustic pressure shall be determined for each moduilation
setting. Thel temporal-maximum output power shall then be determined using the qutput
power détermined from 7.2.

7.4  Effective radiating area
7.41 Effective radiating area measurements

Effective radiating area, 4cg, of the treatment head shall be determined by undertaking a

raster scan of the acoustic field in a plane perpendicular to the beam alignment axis at a
distance of 0,3 cm from the output face of the treatment head, using a hydrophone. From this
scan, the effective radiating area of the treatment head-is shall be derived from the beam
cross-sectional area, A4zcg. The general requirements for raster scans are given in

Clauses B.1 and B.2. The actual procedure for the reference measurements and the analysis
of the results are given in 7.4.2 to 7.4.7. Under normal test conditions, the results using the test
methods described-should shall produce an overall uncertainty in the determination of effective
radiating area (at the 95 % confidence level) of £10 %.
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For the determination of the beam non-uniformity ratio, Rgy, under normal test conditions,

the test methods-should shall achieve a measurement uncertainty (at the 95 % confidence level)
of less than £15 %.

7.4.2 Hydrophone positioning

With the hydrophone at distance Zp, the position of the hydrophone shall be adjusted in the

plane perpendicular to the beam alignment axis to determine the maximum RMS acoustic
pressure, p., rus, in the field.

This-may shall be done either by carrying out a raster scan over a limited region of the acoustic

field of-it-may-be-dene by manual translation.

7.4.3 Beam cross-sectional area determination

The :ram cross-sectional area shall be determined at 0,3 cm from the output face |of the
treatment head, and at the position of the last axial maximum, z,. The analysis of the(raster

scans|shall be carried out in accordance with Clause B.3. The analysis-yields the beam ¢ross-
sectignal areas, Agc5(0,3 cm) and 4gcg(zy) and the total mean square acoustic pregsure,

pms;, 4t each measurement plane.
7.4.4 Active area gradient determination

The agtive area gradient, m, and the active area cogfficient, O, [0 = m/Ag5(0,3 cm)| shall
be defermined.

7.4.5 Beam type determination

The beam type shall be determined from:

020,1cm™! divergent
-0,05cm=''<0<0,1cm™! collimated (10)
©'<+~0,05 cm™! convergent

7.4.6 Effective radiating area calculation

The effective radiating area, 4y, of the treatment head shall be determined as follow

L2

NOTE Studies have shown that physically unrealistic values for treatment head effective radiating area can occur
when applying linear extrapolation procedures to scans carried out in four planes on small ka treatment heads. The
analysis described above, in which the effective radiating area is determined from measurements made in a plane
at a distance of 0,3 cm from the output face of the treatment head, produces physically realistic data.

7.4.7 Beam non-uniformity ratio calculation

The beam non-uniformity ratio, Rgy, shall be calculated from:
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2
Pmax 4
Rey = max” “ER (12)

2
pmsy - 8

where

pmsg -5 = %{[Pmst (0,3)-s (0'3” + [Pmst (zv)-5% (zn )}} (13)

NOTE {1 Although p_ .. cus @nd pms, are referred to as acoustic pressure or pressure-squared parameters; oply their
ratio isrequired used for the determination of Ry, hence the end-of-cable loaded sensitivity of-the.hydrpphone
is not-r¢quired needed.

NOTE 3 The product pms, - s2 is related to the acoustic power and is calculated by summation of the pressure-

squared values over the area of the raster scans in the plane at 0,3 cm from the treatmeént,head, and also the plane
at z,.sheuldideally-be In ideal cases, it is invariant with d|stance from the treatment ’head.

7.4.8 Testing requirements

The pfocedures given in 7.4.1 to 7.4.7 refer to measuremerits ‘'made on one treatment|head.
After measurements have been completed on the group of treatment heads in accordange with
the sampling requirements of 9.1, mean values of the various parameters specified in 7.% shall
be determined.

7.5 |Reference type testing parameters

For tHe purposes of reference type testingy values for the following parameters shall be
determined and recorded:

— raled output power;
- ef]ective radiating area (4gg)'of the treatment head;
— effective intensity (/,) at\the same equipment settings as the rated output power,;

— acpustic-working frequency (f,,);

— th¢ distance-ofthé peakr-m-s-acousticpressure from the-frent face of the treatmen{ head

to the peak RMS, acoustic pressure on the beam alignment axis (zp)

— bejam nonsuniformity ratio (Rgy);

— bejam type;

— pulls€.duration, pulse repetition period (prp) and duty factor for each modulation sgtting;

— modulation waveform for each modulation setting.

NOTE This set of parameters could be used for the purposes of recording the performance of a single piece of
ultrasonic physiotherapy equipment.

The values shall be the mean values based on sampling specified in 9.1. The overall uncertainty
at the 95 % confidence level shall also be determined based on the methods specified in
Annex J.

In addition, absolute maximum or absolute minimum values for certain parameters shall be
determined as follows.

The absolute minimum effective radiating area shall be determined by subtracting the 95 %
confidence overall uncertainty in the effective radiating area from the mean value of the
effective radiating area.
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The absolute maximum beam non-uniformity ratio shall be determined by adding the 95 %
confidence overall uncertainty in the determination of the beam non-uniformity ratio to the
mean value of the beam non-uniformity ratio.

7.6  Acceptance criteria for reference type testing

For the parameters listed below, the acceptance criteria for each treatment head shall be that
the measured values plus and minus the 95 % confidence overall uncertainty in the measured
values shall be entirely within the range defined by the nominal values and their tolerances
specified in Clause 5. The parameters are as follows:

— rated output power;

— effective radiating area (4gg) of the treatment head;
— acpustic-working frequency (f,,);

— pullse duration, pulse repetition period (prp) and duty factor for each moedulation sgtting.

For beéam type, the acceptance criterion shall be that the beam type shall\be the same s the
nominpl beam type specified in Clause 5.

For effective intensity and beam non-uniformity ratio, acceptance criteria are specified in
IEC 60601-2-5. Guidance on these parameters can be found inffAnnex A.

Compliance is checked by measurement in accordance with'7.2 to 7.4.

8 Rputine measurement procedure

8.1 General

These|procedures shall be used as the basis of tests that may be undertaken on a routine|basis,
possiljly for each unit of ultrasonic physiotherapy equipment, but more typically for a gertain
percemtage of the production. This.could form the basis of good manufacturing pracilice or
quality assurance procedures.

The rqutine tests specified here involve the determination of the values of certain acoystical
parameters, which shall.then be compared with the manufacturer's declared values (npminal
valued) and their tolerances, where appropriate, given in Clause 5.

8.2 |Rated output power

The rated output power of the equipment shall be determined in accordance with 7.2.

NOTE |Although not a requirement of this document, ascertaining accuracy of indicated power is an integra| part of
calibratler—seet=c-660604-2-5-

8.3 Effective radiating area

8.3.1 The treatment head-is shall be set up in the test vessel in accordance with Clause 6.
However, alignment of the treatment head-may shall be achieved by using a mount designed
to hold the treatment head under test in an orientation similar to that used for the reference
type testing.tisanticipated-that An appropriate mechanical alignment device may be used that
accepts the treatment head and always defines the orientation of the front face in relation to
the translational axes of the hydrophone.

NOTE The aim here is to allow all treatment heads to be set up using a jig or alignment method in such a way that
the orientation of each treatment head is the same as that used for the reference measurements.
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8.3.2 A full axial plot of the acoustic pressure distribution shall be completed to locate the
positions of z; and z), for each treatment head, such thatp,,., Prys max May be determined. It

may occur that zp and z, are equal.

8.3.3 The beam cross-sectional area shall be determined in the plane at a distance of
0,3 cm from the face of the treatment head by carrying out a raster scan as described in 7.4.
The beam cross-sectional area at z), shall also be determined and may be derived from a

raster scan in accordance with the requirements of Annex B, or by using four line or diametrical
scans. The measurement and analysis procedures used for determination of beam cross-
sectional area using diametrical scans shall be in accordance with Annex C.

Daeneddina on whathar 3 ractar cean or lina/diametrical ceane ara nead the nrocadurasl aivan
Dosoddineenvdiotnor o eotns conn o lnadeloantion porne cnn ool the crconcies apein
-AnRexesB-or-C-shall-beused-toderivevaluesfor A5 g (0:3)A4g stz and-the-totalHmean
squarg-acoustic-pressure;pris;-

basis |through an alternative experimental method that uses, @ jradiation force balapce in
conjunction with circular apertures, formed by an ultrasound>éftenuating absorbing mpaterial
with Iqw reflection loss. An example of such an implementation, and a worked example|of the
calculfitions required to derive the effective radiating area from the measurements maddg using
a rande of aperture diameters, is described in detail in Annex I.

8.3.4 | The effective radiating area, 4gg,-may-alse can be estimated on a routine evaIEation

NOTE |The value derived for the effective radiating area using'the aperture technique-should-be is considered an
approximation to the true effective radiating area that would‘be derived when carrying out the procedures dgscribed
in7.4.

8.4 |Beam non-uniformity ratio

The bpam non-uniformity ratio, Rgy, Shall be determined in accordance with-7-4-6-7.4{7.

8.5 |Effective intensity

The effective intensity shall. be determined in accordance with 3.22.

8.6 [Acceptance criteria for routine testing

The range of rated' output power, defined by the measured rated output power plys and
minus|the 95 %)econfidence overall uncertainty for the routine measurement of rated qutput
power (see<3), shall be entirely within the range of values defined by the manufacfurer's
nomingl value for the rated output power and its tolerances specified in accordance with
Clausg ¢

Compliance is checked by measurement in accordance with 7.2.

The range of effective radiating area, defined by the measured effective radiating area plus
and minus the 95 % confidence overall uncertainty for the routine measurement of effective
radiating area, shall be entirely within the range of values defined by the manufacturer's
nominal value of the effective radiating area and its tolerances specified in accordance with
Clause 5.

Compliance is checked by measurement in accordance with 7.4 and 8.3.

The range of effective intensity, defined by the measured effective intensity plus and minus
the 95 % confidence overall uncertainty for the routine measurement of effective intensity,
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shall be entirely within the range of values defined by the manufacturer's nominal value of the

effect

ive intensity and its tolerances specified in accordance with Clause 5.

Compliance is checked by measurement in accordance with 7.2 and 8.3.

The value of the beam non-uniformity ratio plus the 95 % confidence overall uncertainty in
the routine measurement of beam non-uniformity ratio shall be less than or equal to the

nomin

al value of the beam non-uniformity ratio specified in accordance with Clause 5.

Compliance is checked by measurement in accordance with 7.4.7.

9 SmeIing and uncertainty determination

9.1
The m

of nominally identical units of the ultrasonic physiotherapy equipment:

9.2

The rq
Norm4d

there may be reason to suspect changes may have occurred. Typically, they shall be unde

on a

manufactured unit of ultrasonic physiotherapy equipment.

For th
measl
may b
underf
underf

NOTE
use the
of the s

9.3

Wherq
or any|
metho|

Reference type testing measurements

ean values for reference type testing specified in 7.5 shall be based'on a sample

Routine measurements

lly, they shall be undertaken as the basis for testing batch production or at any timg

certain percentage of production but, exceptionally, could be undertaken on

e purpose of carrying out the Type A uncertainty evaluation (see Annex J) for 1
rements when full repeat measuremenis are impractical, partial repeat measure
e carried out (by repeating those aspects of the measurement process which d
aken simply and quickly) and a-prior knowledge for the type of measurement
aken then used to carry out an estimated Type A uncertainty evaluation.

An example of this would be to eatry out two line scan measurements on a type of treatment head
pme type to produce an overall uncertainty in effective radiating area.
Uncertainty detefmination

it is necessary-te determine the 95 % confidence overall uncertainty of the measurg

ds shall be Used (see Annex J for guidance).

batch

utine measurements shall be undertaken as the basis «0f good manufacturing practice.

when
rtaken
each

outine
ments
an be
being

and to

outcome from a Type A uncertainty evaluation carried out previously on a raster scan on a treatment head

ment,

parameter,forthe purposes of this document, normal uncertainty analysis and estifation
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A1

Annex A
(informative normative)

Guidance for performance and safety

General

Clauses A.2 to A.4 reflect the established approach on acceptable values of a few safety related
parameters.

A.2

Accor

Rated output power

ling to IEC 60601-2-5, the rated output power-sheould shall not vary by more than

for variations of the mains voltage of +10 %. Manual readjustment of the “equipmg

compl

Comp
with 7

ance with this requirement is not permitted.

iance-should-be is checked by measurement of the rated output power in accof
2 at 90 %, 100 % and 110 % of the rated value of the mains Voltage. For example

physiqtherapy unit has a rated mains voltage of 230 V, the rated eutput power-should s

check

bd at mains voltages of 230 (x10 %) V.

The tgrm "rated" is defined in IEC 60601-1 as the "valug assigned by the manufacturg

quanti
useab

ty characteristic of the equipment". This mean$s ‘that when a manufacturer spec
e voltage on the back of a therapy unit, this«is a "rated" value; so, from IEC 6060

the pgwer output-has needs to be checked for&«ariation at 90 %, 100 % and 110 %
declared value even when there is a range.

A3

Accor

Effective intensity

ling to IEC 60601-2-5, the absolute maximum effective intensity-should shall b

than dr equal to 3,0 W /cm?Z.

Comp

iance is checked by determination of the absolute maximum rated output po

accordance with 7.2 andiabsolute minimum effective radiating area in accordance wit

A4

A.41

Accor
be les

Beam non-uniformity ratio

General

20 %
nt for

dance
if the
hall be

rtoa
fies a
1-2-5,
of the

e less

wer in
h 7.4.

ling’to IEC 60601-2-5, the absolute maximum beam non-uniformity ratio-shoul

H shall

s than or equal to 8,0.

Compliance is checked by measurement in accordance with 7.4.

A.4.2

Rationale behind using a limiting value for the beam non-uniformity ratio (Rg,)

The ultrasonic beam distribution produced by a therapeutic treatment head is non-uniform by
nature. Besides this natural character, details of the construction and operation of the treatment
head can produce regions of very high local pressure, also referred to as "hot spots". These
may can result in excessive heating in small regions of the tissue being treated,-arising resulting
in potential harmful effects to the patient.
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At-the presenttime;-therapeutic Transducers of ultrasonic physiotherapy equipment are not

designed to provide highly localized tissue treatment. Consequently, the transducers addressed
in this document are planar. The characterization of focusing transducers capable of generating
high intensity beams which are being used in therapeutic applications is the subject of other
documents (see IEC 62555 and IEC TS 62556).

Alongside the safety aspects and the increased possibility of thermal injury, localized peaking
of the pressure distribution resulting in a "hot spot" may also be considered as an adverse
indicator of transducer quality. For these reasons, the therapist should have knowledge of the
sound field distribution in order to apply therapeutic ultrasound judiciously. A measure of this
non-uniformity is prowded by the beam non- unlformlty ratio (RBN) The RBN parameter
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en the time-average intensity distribution (/) in a field and average intensity of the

p)
presents the Rgy, and it follows that, on theoretical grounds, the.maximum value

ven in the correct treatment where the true intensity (/) is given by-the product of ag
re and particle velocity, the maximum is four and will be found at one near-field
in Figure A.1). From the distance of about one transducer element radius, (z/a = 1

element itself, the maximum ratio will decrease typically t0 a value of the order of

tual determination of the Rgy may be performed«sing a hydrophone. In the follo

shown that a calibrated hydrophone is not . needed, which will simplify the met
hination.

lane wave approximation, the relation\between intensity and pressure p is giV
be, where pc is the characteristic acoustic impedance. This formula cannot strictly b
nces closer than one transducer€lement radius of the treatment head. In most
imum pressure is found at greater distances than the treatment head radius a
n using the expression I = p?/c¢ results in relatively small inaccuracies as illustra
A1,

nay be assumed that the hydrophone output voltage is linearly related to the re
ic pressure, the formula of the Rgy can be simplified as stated in this docum

D .

ghest intensity in the beam, spatial-peak temporal-average, /g, is given by:

in a plane wave, the intensity is derived from the acoustic pressure alone, the¢

(Ip) is given in Figure A.1 [2]. Following on from the previous discussion, this re
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The quantity pms;, used in the main body of this document, is given by:
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N 2
Ui

=l

pmsy = (A.2)

and is known as the total mean square acoustic pressure. It represents a summation of the
acquired voltages squared during the raster scan. Using pms,, the spatial-average temporal-

average intensity is given by:

P Ay prmsy

I = = A.3
sata Agr  p-c-AgRr ( )
The expression for the Rgy, given as the ratio /g,,//5,15, May then be derived-as:
2

R _ Mp AER

BN~ N (A.4)

A (z,)>D uf(z))
i=1

The denominator is related to an approximation of thé- total output power, derived by a
summaption of the intensities over the acoustic beam.

In thelabove formulae, the parameters are as follows:

Up up| is the maximum value of-the-hydrophone-veltage i;;

Y u; is the RMS hydrophone voltagezat the i-th point of measurement;

M, is the end-of-cable loaded sensitivity of the hydrophone;

P is the acoustic power;

pmsy is the total mean square acoustic pressure;

P is the density ofwwater;

c is the speedof-sound in water;

Ag is the unit-area of the scan (4, = s2 for a raster scan where s is the step size);
N is the total number of measurement points in the scan;

AgR is the effective radiating area;

: < the di [ I head I i

Figure A.2 illustrates a histogram in which the Rgy values calculated using Formula (A.4) are

presented for 37 different treatment heads, along with the frequency with which these values
occurred when the values of Rgy are separated into bands of 0,5. Normally, the Rgy appears

to be in the range three to seven, but some transducers having a Rgy greater than eight are
shown and these may be considered to have a high Rgy.

The limiting value of eight has been identified in this document for the following reasons.

— In ultrasound physiotherapy the treatment protocol (output, duration and frequency) used
is based on an ultrasonic beam behaving normally, following theoretical expectations.
Evaluating the dose for a treatment is currently difficult to define. Accordingly, a relaxation
of the ideal Rg) value of four is appropriate. Relaxing the theoretical value of Rgy by a factor
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of two seems to be quite reasonable. As can be seen in Figure A.2, for normal behaving
practical transducers, Rgy values less than eight can readily be attained.

— Physiotherapists have no current requirement for a focusing transducer. If a transducer is
focusing, the Rgy Will easily exceed the value eight.

— From a quality point of view, taking the theory into account, there is no justification at all in
having a Rgy greater than eight.
— It can be calculated that a Rgy value of 8,0 (limiting value) results in a maximum pressure

at the maximum allowed output setting (3 W/cm?2) in the range of 1 MPa, a spatial-peak
temporal-peak intensity (Isptp) of 48 W/cm2 and a spatial-peak temporal-average

inWtwmmWWmanted

biglogical effects.

Key
X bottpm axis: s
X top pxis: z/a

Y solid line: I/1

Y broHlen line: Ip/[p

NOTE |In [2], the symbol\s" is used to describe the normalized distance. To avoid confusion with the rasfer scan
step sige definition used,in this document, the normalized distance symbol here has been changed to s.

Figure A.1 —Normalized, time-averaged values of acoustic intensity (solid line) and of
one|of its plane-wave approximations (broken line), existing on the axis of a circular
pisfofi’source of ka = 30, plotted against the normalized distance s,,, where s, = lz/a?



https://iecnorm.com/api/?name=e0879c461baacddcbcfb457025913ec5

IEC 61689:2022 RLV © IEC 2022 - 35—

Yi

104

0- T T T >

EC

Key

X Rgy
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NOTE [The Ry value (in bands of 0,5) has been displayed against its frequency of occurrence.

Figure A.2 — Histogram of Rgy values for 37 treatment heads
of various diameters and frequencies
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Annex B
(normative)

Raster scan measurement and analysis procedures

B.1 General

The determination of the effective radiating area of the treatment head for the purposes of
reference measurements shall be performed using raster scans at 0,3 cm from the face of the
treatment head. These procedures may also be used for routine measurements in accordance
with Clause 8.

B.2 |Requirements for raster scans

B.2.1 | All raster scans shall be square grids with the central point on the beam alignment axis
and in[a plane perpendicular to the beam alignment axis. The scan shall-not be a continuous
motion but shall be performed in discrete steps with the values ofCRMS or peak vpltage
measyred at each point.

NOTE [With the central point being on the beam alignment axis, there are hecéssarily an odd number of m¢asured
points dn each line.

B.2.2 | The boundaries of the raster scan shall be large~enough to ensure that the signdl level
at any|part outside the scanned boundary is at least 26’ dB below the peak signal. Howeer, for
treatment heads having z,, < 13 cm, the level beyand the limits of the raster scan should be at

least 32 dB below the peak signal.

NOTE |[Initial measurements are usually necessary to\identify the size of the raster scan, and care needs to e taken
to ensufe that local diffraction minima do not lead to spuriously small scan areas.

B.2.3 | The spacing between measurement points (step size) should be small enough sug¢h that
there @re at least 31 measurements across the full width of the raster scan (the raster scpn will
therefpre constitute a square grid_of at least 31 x 31 points). See also B.3.2.

B.2.4 | During the raster scan, the hydrophone may be scanned to a distance from the fentre
of the|ultrasonic beam where no signal is obtained above the noise. To apply a correction to
the infegral of the square of the hydrophone signal to account for the contribution frgm the
noise,|the RMS noise-level-t,, voltage u, shall be subtracted from the measured signals|in the

foIIowEg mannéer—1f the hydrophone signal at each measurement point is—&; u;, then the

hydrophone-signal after correcting for the contribution from noise, & u, is:

r_ 1/2
Ui = U2-u2)’

u; :(141-2—u§)1/2 (B.1)

1

The noise level shall be determined, as in IEC 62127-1, by moving the hydrophone to a
position sufficiently far from the ultrasonic field that no direct acoustic signal is detected. In
general, this shall be at a distance in the direction perpendicular to the beam alignment axis
equal to at least twice the distance from the beam centre to the limit used for the raster scanning
process.
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B.3

B.3.1

Requirements for analysis of raster scan data

General

The two-dimensional array of data values obtained from the raster scan shall be analysed in

the fol

B.3.2

lowing way.

Total mean square acoustic pressure

The summation of the squares of the voltages obtained over the raster scan is related to the
total mean square acoustic pressure, pms;, given by:

where
N

L ui'
M,
NOTE
Equatio

is introg

B.3.3

the sd

N
- "\2
pmsy = Z(Ui) /ME
i=1
ul 2 2
pmsy = 3 ui” [|M| (B.2)
i=1
is the total number of points in the scan;
is the noise-corrected voltage (either peak or RMS) of the i-th point in the scan;
is the end-of-cable loaded sensitivity of the'hydrophone.
The end-of-cable loaded sensitivity of the(“hydrophone has been introduced for conveni¢nce in
n-8-+) (B.2) to convert the measured voltage to"acoustic pressure. However, due to cancellation, wHen pms,
uced into Equation{B-2) (B.3), its absoluteyvalue is not-required needed.
Calculation of the beam cross-sectional area, Agcg
The values-& u/ are sorted.into’a set in descending order (either RMS or temporal pgak) in
an. A second summation shall be performed to find the value of »n that satisfigs the
follow|ng two relationships:
1 u "\2
_zz(Ui) <0,75 pms;
L i=t
1 n+1 '
A iV} -
— 5 2 \Ui] SO Topmsy
L i=1
1 7 12
5 Zui <0,75 pms; (B.3)
|M|" =1
1 n+1 2
5 Z”i >0,75 pms,

|M|” i=1
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The value of 4g¢g is then given by 4 - n, where 4 is the unit area of the raster scan (4, = s2

where s is the distance between successive points in the scan, i.e. the step size). This procedure
provides a value for the beam cross-sectional area in the measurement plane of interest.

For reliable determination of 4Agcg, the number of points, », included in the determination of
Agcs, should be at least 100.
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Annex C
(normative)

Diametrical or line scan measurement and analysis procedures

C.1 General

The determination of the beam cross-sectional area at a specified distance from the treatment
head for the purposes of routine measurements in accordance with Clause-9 8 may be
performed using diametrical or line scans. The term line scan is used within Annex C. If line
scans|are used, then the procedures and analysis methods specified in Clauses C.2 afd C.3
shall he used.

C.2 [ Requirements for line scans

C.2.1| The central or common point of the four line scans shall lie on)the beam alighment
axis. The relative angle of the scans shall be 45° and the four line scans shall divide the|plane
perpendicular to the beam alignment axis into eight equal areas.

C.2.2 | The scan shall not be a continuous motion but shall consist of a series of discretd steps
perpendicular to the beam alignment axis with the RMS or peak voltage generated py the
hydrojphone being measured at each position.

C.2.3| The boundaries of each full-line scan shall be sufficiently large such that the
hydroghone signal level at the edge of the line scan, relative to the peak level obtained, shall
be at |least 32 dB below the peak level.

C.2.4| The step size used during the line,sean shall be sufficiently small such that the ling¢ scan
consigts of at least 50 points.

NOTE |[Each of the four line scans-may\éan be of different step size. Here, for ease of analysis, they-wil{-be are
assumgd to be identical.

C.2.5| The noise level shall be determined, and measurements corrected for the influehce of
noise jn accordance with:B.2.4.

C.2.6 | For simplicity,-it-wil-be is assumed that the four line scans are of identical sizef each
contaiping Ny measurements. This will be true for analysis of raster scan data but not generally

true fqr line séan 'measurements.

C.3 |[Analysis of-line scans

C.3.1 The individual line scans will be analysed in the following way.

NOTE In the steps described in Clause C.3, the symbols [A] and [B] refer to data arrays and-sheuld are not-be
interpreted-as references to publications in the bibliography.

C.3.2 The four line scans shall be further sub-divided into a pair of radial scans (half-line
scans). Each of these half-line scans consists of one-dimensional arrays, [A], of data points
sharing a common point on the beam alignment axis and having (N, — 1)/2 other points.

C.3.3 To calculate the beam cross-sectional area for each of the half-line scans, the one-
dimensional sampling of the acoustic beam profile is transformed into a two-dimensional
description of the beam assuming cylindrical symmetry.
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C.3.4 Forthe measurement point which lies on the beam alignment axis (designated thej = 0
point) the contribution to such an area will be 4, given in centimetres squared, by:

2
AO:": (C.1)

where s is the step size (for diagonal radial scans derived from raster scan measurements the
step size will be sv2).

C.3.5| For all of the other elements of the half-line scan, from j =1 to (N4 — 1)/2, the contrit)ution

to the| scan area will be annuli of thickness s. For the j-th measurement the corresponding
annulys area, Aj, will be given by the expression:

Ay =2mj-s (C.2)

C.3.6 | To calculate the beam cross-sectional area, the area of each of the annuli from j = 1
to (N4]— 1)/2 shall be broken down into multiplés of the smallest unit area 4;. By dividing 4;

given jn Equation (C.2) by 4, given in Equation (C.1), it may be seen that the j-th annlilus is
comprjised of n; units of the smaller area,cstich that:

n =8 (C.3)

C.3.7 | Using this expression, the original one-dimensional array representing the ling scan
shall e transformed(info a new one-dimensional array [B], the elements of which are shpwn in
Table |C.1.
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Table C.1 — Constitution of the transformed array [B] used
for the analysis of half-line scans

Voltage squared Number of elements in
Measurement point 2,2 array [B] of value sz u?
;o
j =0 (point on beam alignment axis) y02 M02 1
j =1 (first point off-axis) y12 M12 8
j = 2 (second point off-axis) y22 M22 16
j=(N] - 1)/2 (last point in scan) u? 43 1)
(Ny=1)12
NOTE| The j-th (f > 0) point in the half-line scan array [A] is represented in the new array, by 8; elements|of the
origingl voltage-squared values. The new array will contain N12 elements.
C.3.8 | In a similar manner to the analysis undertaken using the.raster scan data in B.2|4, the
RMS noise level-&, u, shall be subtracted from each line-s¢an data point, to account for the
contribhution of noise. If the hydrophone signal at each-pdint in the line scan is#j u;, then the
hydrophone signal after correcting for the contribution from noise,foi uj' is:
- 2 2\1/2
U; = U%-Uh)
1/2
' 2 2
u, =<uj —up ) (C.4)
C.3.9 | To evaluate the beam cross-sectional area the total mean square acoustic pressure,
pmsy, Of the half-line scan is required. This is given by:

()

2
1 ) 1 . "2
pmsy = ——= (U )" + — z 8 j(Uj)
ML ML j:1
N1
_ 2 1 ¥ .2
pmsy=——ug® + —— > 8ju,
n vy [” =

(C.5)

C.3.10 The new array [B] is sorted into descending order and a second summation performed
as described in Equations (B.3), leading to the determination of the value of .

NOTE Performing the sorting process on the original n values will lead to the same result if the correct weighting is

applied

during the summation process.
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n-m-s

4

C.3.11 The beam cross-sectional area, 4gg, of the half-line scan is given by Agcg=

where s is the step size.

C.3.12 The analysis shall be completed for all eight half-line scans and the results averaged
to determine the mean value along with the standard deviation.

In the measurement plane z, the standard deviation ¢ of the distribution of beam cross-
sectional areas for the eight half-line scans shall be determined from:

62—;2(/1303].(2) @j 2

J=1

O'2=

i(ABCSj(Z) ~Agcs (Z))2 (C.6)

~N| =

where

Agcsjfz) is the beam cross-sectional area derived from the j-th line scan in the plane at
distance z;

1 Agcs(z) is the mean value calculated from:the eight line scans.



https://iecnorm.com/api/?name=e0879c461baacddcbcfb457025913ec5

IEC 61689:2022 RLV © IEC 2022 - 43 -

Annex D
(informative)

Rationale concerning the beam cross-sectional area definition

In physiotherapy, the ultrasonic intensity levels used are relatively high. They are in the range
where adverse biological effects have been observed in addition to those which are intended to
be beneficial. It is therefore important that the operator knows the particular ultrasonic
intensities being delivered by the ultrasonic physiotherapy equipment. In principle, this is
achieved by the ultrasonic physiotherapy equipment having a front-panel indication of
output power and intensity and these indications-have need to be reliable and accurate

Since [the most appropriate indication of effective intensity is a spatial average vajue derived
by div|ding the output power by an area, the use of an intensity indication implies the nged for
a welltdefined area. This area-should-be-seen-as-that is part of a plane locatéd,‘at or clpse to
the-agplicater treatment head, through which almost all of the ultrasound power passes. It is
defined in this document as the effective radiating area.

A treatment head used in ultrasonic physiotherapy equipment ‘contains an ultrgsonic
transducer consisting of a piezoelectric active element which is often mounted on a metal face
plate. [Since this piezoelectric element does not vibrate with the_same amplitude over its|entire
surfacge, it is not sufficient to specify beam area as the geometric area of the piezoglectric
element. The actual effective radiating area is determined directly from hydrophone
measyrements (7.4). It also may be estimated by usingseifcular absorbing apertures (8.3.4).

The parameter, beam cross-sectional area, as defined in 3.13, is the area determined| using
the hydrophone and represents an intermediate™step in the process of deriving the effpctive
radiating area. The method specified in thissdocument represents the outcome of sfudies,
based|on actual measurements and theoretical calculations, to provide a useful definitign and
a reliable measurement method [1], [3],.[4}*[5], [6], [7].
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Annex E
(informative)

Factor used to convert the beam cross-sectional area (45cg) at the
face of the treatment head to the effective radiating area (4gg)

This document requires the effective radiating area, Agg, to be derived from the beam cross-
sectional area close to the face of the treatment head, 4gz-5(0,3 cm). The beam cross-
sectional area, 4g-g(z), is defined as the smallest area contributing 75 % of the total mean
square acoustic pressure.

When|a simplified sound field model with a collimated beam and constant pressure-distripution
over ifs cross-section perpendicular to the sound field axis is used, the definitionsilead|to the
following relation:

AgR = 1,333 4pcs(0) = 1,333 Apcs(2) (E.1)

From the physical point of view, it can be expected that the simplified model is useful for yalues
of ka that are not too small (k£ = 2z/4 is the circular wavenumber; «a is the geometrical ragius of
the adtive element of the treatment head). With smallef, values of ka, diffraction effeqts will
cause|the sound beam to spread and consequently the(simplified model will fail.

To obtain a realistic estimate of the conversion¢factor needed (termed F,; in what follows),

numerical simulations were performed using aCeircular piston source, finite size receiers of
radius| 0,25 mm and 0,5 mm, at frequencies*of' 1 MHz, 2 MHz and 3 MHz. For transdudgers of
small effective radii (< 4 mm), and particuldrly at low frequencies, the beam will diverge tp such
an exfent that no realistic estimate of the“effective radiating area may be made. In practice,
because no physiotherapy treatment heads exhibit effective radii smaller than 4 mm, the
calculations have been limited to radii 24 mm. In the computer simulations, the ka pfoduct
coverg the range from approximately 16 to 160. The calculations follow exactly the definitions
mentigned above.

Figurd E.1 (from [3]) shows' the distribution of F,; in the range ka = 40 to ka = 160. The|mean
value talculated is F{; 71,354, which is very close to F,. = 1,333, valid for the simplified [sound
field model.

A study has_been carried out on a large sample of small ka physiotherapy treatment hedds [4]
and h@s defined the approach described in 7.3 for determining the effective radiating| area,
where 3 cm atment

be multiplied by the same F; value (1,354) to derive the 4gg, independent of the ka value of
the treatment head.

The numerical investigations performed in the above studies did confirm agreement, within the
uncertainty achieved, with the value obtained using the simplified sound field model. For the
sample size studied (66 points), the standard deviation of the mean value is approximately 0,09.
The deviation of the mean value (F,. = 1,354) from the value obtained using the simplified
sound field model (F,. = 1,333) was less than this standard deviation. To avoid that, possibly
large, uncertainties need to be taken into account in the determination of the effective radiating
area, it has been agreed to use F,; = 1,333 without the need to consider an uncertainty

contribution for this fixed-value conversion factor.
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Annex F
(informative)

Determining acoustic power through radiation force measurements

This document requires the declaration of the rated output power. As stated in 7.2, the
measurement of the output power of the ultrasonic physiotherapy equipment is to be carried
out in accordance with IEC 61161, where the use of a radiation force balance is recommended.
Radiation force measuring devices are easy to handle and to calibrate.

The mest—impertantpart—ofa—radiationforce—devHee—is—the—target rastreeds—te—bg large
enough to cover the whole ultrasonic field. Subclause A.5.3 of IEC 61161:2013 gives-fg

approqch [8]. Table F.1 shows some typical results. The target radius should)be underst¢od as
the radius of the largest cross-section of the target, and the target distance-as the distapce of
that closs-section from the treatment head.

It sholld be noted that the results given apply to a piston field.(It;may be that the treatment
head linder test does not behave like a piston. It is therefore fecommended to also make use
of the|information contained in the measurement results of'the beam cross-sectional| area,
Agcs(f)- An equivalent radius bg, can be determined from:

beq(2) = (4dpgg@)m)!’2 (F.1)

If 2 b}, is larger than the value of b determined in accordance with IEC 61161 and Table F.1,

then 2 b, is used as the minimum value for the target radius.

Bubblé¢s in water act as scatterers of ultrasonic waves and can lead to errors in measur¢ment.
It is therefore important to use only degassed water in measurements on physiotherapy dgvices,
and always to make sure that (a) no bubbles are present on the transducer and target suffaces
and (b) no bubbles appear during the measurement as a consequence of the degfssing
potential of high-intensity ultrasound (see IEC 61161, IEC TR 62781 and [1]). The amdunt of
dissolyed oxygen in the degassed water should be < 4 mg/l during all measurements.

Althoygh output' power values are often in the watt range for ultrasonic physiotherapy
equipmentsintorder to cover the full range of output power measurements for compliange with
this dgcument, a balance with a sensitivity as low as 15 mW may be required. One problem for
measuyrements at higher power ranges may be the stability of the target position duripng the
measurement. While an absorbing target is not affected by lateral radiation force components
and a concave reflector is self-centring, a convex reflector may be de-centred by the radiation
force. This effect depends mainly on the magnitude of the ultrasonic output power, on the
target weight and the kind of target suspension (see 5.6 of IEC 61161:2013).
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Table F.1 — Necessary target size, expressed as the minimum target radius b, as a
function of the ultrasonic frequency, f, the effective radius of the treatment head, 4,4,

and the target distance, z, calculated in accordance with A.5.3.1 of IEC 61161:2013

(see [8])

Effective radius of the
treatment head

Ultrasonic frequency

Target distance

Minimum target radius

a, f z b
cm MHz cm cm
0,5 1 0,5 0,77
270 89
4,0 3,54
6,0 5,23
1,5 1 0,5 2,25
2,0 2,25
4,0 2,46
6,0 3,05
0,5 3 0,5 0,75
2,0 1,02
4,0 1,67
6,0 2,36
1,5 3 0,5 2,25
2,0 2,25
4,0 2,25
6,0 2,25
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Annex G
(informative)

Validity of low-power measurements of

the beam cross-sectional area (Agcg)

Measurements of the beam cross-sectional area made using hydrophones require the
treatment head to be operated in continuous wave mode at intensities of 0,5 W cm~2 or less

(see 7.3).

Measurements at low powers are required to prevent damaging the probe

hydrophones used TabIeG1 (from [31) presents the verlflcatron that vaIues of beam

ducer
were

all, no

cross W ,. A
for ph S|otherapy treatments Table G.1 |IIustrates measurements made using a polyvm lidene
fluoride (PVDF) membrane hydrophone of the differential output type for variols’ powers
indicajed by the physiotherapy unit used. The treatment heads were both 1,5 MHz transducers
of diameter 2,8 cm; A operated normally whilst B was characterized as a "hot §pot" trans
exhibifing a large axial peak at 2,9 cm. The measurements for-the-secondctransducer H
made [in this plane.
Table G.1 — Variation of the beam cross-sectional area 4g¢cg(2)
with the indicated output power from two transducers
Indicated power Transducer A2 Transducer B®
Apcs(?) Agcs(?)

w cm? cm?

1,25 3,54 2,99

5,00 3,80 2,92

7,50 3,52 2,80

10,0 3,48 2,79

12,5 3,51 2,80

15,0 3,49 2,87

2 1,5 MHz; diametér 2,8 cm; Agcs determined at 4,0 cm.
b 1,5 MHz; diameter 2,8 cm; Agcg determined at 2,9 cm, the distance of the
maximum"RMS acoustic pressure for this "hot spot" transducer.

The rgsults presented in Table G.1 show that the variation of Agcg(z) with power is sm
more than a few per cent.
This iwvariance of the beam cross-sectional area with output power may not be v3

some

anticipated that such cases will be rare

lid for

1 it is
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Annex H
(informative)

Influence of hydrophone effective diameter

Most hydrophones currently available commercially have active elements of diameter in the
range 0,2 mm to 1,0 mm. At megahertz frequencies the accuracy of ultrasonic field
measurements may be compromised by spatial averaging of the acoustic pressure over the
active element. IEC 62127-1 provides the following criterion for the maximum permissible
hydrophone radius, a4, Which may be used in any measurement situation:

12
max =£[1+Z_2J (H.1)

A is|the acoustic wavelength;
z is|the distance from the treatment head to the measuremént plane;
aq is|the effective radius of the active element of the treatment head.

The pfocedures specified in this document to accurately'determine the effective radiating area
of a tleatment head require measurements close .to the face of the treatment head apd will
result| in the frequent violation of this criterion. Equation (H.1) relates strictly {o the
measyrement of peak pressures and is of relevance for reliably determining the beam non-
unifotvLmity ratio Rgy. Due to the greater aceuracy required of measurements of the effective

radiating area, it is important to establishithe effect of violation on measurements of Ag-5(2)
and Agg.

Measyrements made on a 3 MHz treatment head of diameter 2,4 cm using vjarious
hydrophones of different active element radius are presented in Table H.1. Measurements
were fnade using ceramic hydrophones of active diameter 0,6 mm and 1,0 mm, and a|4 mm
diameter PVDF hydrophone of the membrane type (the latter was used because a cg¢ramic
hydrophone with 4 mm active element was not available). For measurements at z = 1[0 cm,
according to Equation (H.1), these hydrophones are strictly too large by factors of 4, 6{5 and
26, regpectively. Theresults displayed in Table H.1 indicate agreement between measurejments
of Agds(z) between 1 % and 3 %.

With gqurréently utilized physiotherapy treatment head frequencies and diameters, thg most
stringentdest of IEC 62127-1 criterion is for measurements close (z = 1,0 cm) to large diameter,
3 MHz freatment heads. Even In this case, violation will be by no more than a factor of six to
seven for a 1 mm active element diameter hydrophone.

Table H.1 also presents values of the ratio of the peak pressure squared to the average
pressure squared over the beam cross-sectional area in the plane at distance z, where z varies
from 1,0 cm to 8,0 cm (this ratio is denoted by R in Table H.1), which indicates that even in the
presence of strong violation for measurements using the 4 mm diameter hydrophone,
differences are no more than 20 %. These results can be directly related to the choice of the
diameter of the active element of the hydrophone for the purposes of determining Rgy.

However, these findings should be treated with some caution. Certain treatment heads exhibit
"hot spots" characterized by beam widths (-6 dB) of the main peak as small as 2 mm to 3 mm.
Use of a hydrophone as large as 4 mm would underestimate the true value of the Rgy.
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Due to the concern over Rgy measurement accuracy, the criterion used in 6.2 will allow valid

measurements of the beam cross-sectional area to be made with a 1,0 mm hydrophone on
currently available ultrasonic physiotherapy equipment operating up to 3 MHz. For
ultrasonic physiotherapy equipment operating above 3 MHz, a hydrophone of diameter less
than 0,6 mm is specified. These hydrophones will, in most practical circumstances, allow
measurements of effective radiating area and beam non-uniformity ratio to be made reliably.

Table H.1 — Comparison of measurements of the beam cross-sectional
area Agcg(z) made using hydrophones of geometrical active element

radii 0,3 mm, 0,5 mm and 2,0 mm

Hfdrophone Measurement Treatment head-hydrophone separation, z
mm cm
1,0 2,0 4,0 8,
A Ages(2) 2,00 1,97 2,01 2,97
ceramic
a.=0,3 cm?
g
R2 1,55 1,57 1,68 2,99
C Ages(2) 1,93 1,96 1,99 2,08
ceramic
a.=0,5 cm?
g
R2 1,68 1069 1,60 2,46
PVDF Agcs(2) 2,01 2,00 2,02 2,10
bilaminar
membrane cm?
ag = 2
R2 1,95 1,91 2,04 2,33
NOTE| Measurements were made on a 3 MHz treatment head at four distances.
a2 THe R values have been derived using the*averaged p? value evaluated in the specified measurement glane.
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Annex |
(informative)

Effective radiating area measurements using
a radiation force balance and absorbing apertures

1.1 General

This Annex | prowdes details of a method for determmmg the effective radlatlng area (AER) of
physigthe

area.

The cpncept behind the aperture method is illustrated schematically in Figure 1.1, where an
absorbing aperture is shown interposed between the treatment head and the target |of the
radiation force balance, which in this case is of the conveX(conical reflecting type (an absprbing
target|could also be used). The apertures are circular holes cut within an acoustically absprbing
material, which, when placed in front of a treatment.head, allow the effective radiating sjurface
of the [treatment head to be selectively reduced.¢khe resulting reduction in power is medsured
using the radiation force balance. By masking off areas of the ultrasound beam using afrange
of apdrtures, the spatial distribution of the transmitted power can be sampled. The aim|of the
measyrements, in combination with the data‘\analysis presented in Clause 1.5, is to compuyte the
area through which the majority of powetlds transmitted, thus deriving a value for the effpctive
radiating area or Agr. In the remainder of this Annex |, the term "aperture” will be used to

repregent the mask and the circular hole cut therein.
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1.3.2.1

It is imppartant that any material used to fabricate the apertures minimally perturbs the g

IEC

fment head
br surface
ture mask (1.3.2)

htion force balance target

Figure |.1 portrays a "vertical" arrangement of radiation_force balance with a reflecting target, g
ve arrangements-may can also be used (IEC 61161).

Figure 1.1 — Schematic representation of aperture measurement set-up

Requirements for the aperture method

Radiation force balance

from the geometrical considerations of the need to be able to interpose the absorbe
g the aperture between the treatment head and the radiation force balance targ

Apertures

Acoustic properties of aperture material

Ithough

[ layer
pt, the

pect of the radiation‘force balance relating to its performance in measuring effective
radiating area lies in itssreproducibility and resolution, which should ideally be £0,01 W,

utput
h that

powe

denerated by the treatment head under test. Its acoustic properties should be su

— thereflection loss of ultrasound from the surface of the apertures is-better less than —30 dB,
and

— the transmission loss of ultrasound through the material is-tess greater than —25 dB.

Both of these properties refer to the particular frequency of operation of the treatment head.

The aperture mask materials may be made from single or multi-layers and can be manufactured
from absorbing rubbers.

Compliance can be checked using techniques similar to those described in 6.2.
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1.3.2.2 Aperture diameter

Nominal aperture diameters in the range 0,4 cm to 3,0 cm allow measurements of effective
radiating area to be made on the majority of commercially available physiotherapy treatment
heads. The actual diameters should be uniformly cylindrical, and known to £0,01 cm.

1.3.2.3 Lateral extent of aperture mask material

It is important that, apart from the power transmitted through the circular aperture, all other
power is absorbed within the mask material, so that unwanted power does not impinge on the
radiation force balance target. The width of the aperture in the plane parallel to the treatment
head should be greater than or equal to 4,5 cm. The aperture mask can be held with a holder
appropriate for use with the particular radiation force balance, although it is important,that no
acoustically reflecting components are positioned within the ultrasonic field.

1.4 Measurement procedure for determining the effective radiating area

1.4.1 |Power measurements made using the radiation force balance_@re’ carried out [in the
usual way, by switching the drive to the treatment head ON and OFE‘\in a predefined mjanner
(see IEC 61161).

1.4.2 |For each of the individual aperture measurements, the“output of the physiotherapy
treatment head device under test-shall-be is reset to a nominally identical power value, to
ensurg that it is operating under nominally identical conditions.

1.4.3 |A power setting of 5 W is recommended for:large treatment heads (effective digmeter
greatdgr than 2,0 cm) as this represents a comprfomise between measurement sensitivify and
restricting the extent of heating of any aperturemask material, which may be important.

NOTE [The effective diameter is equal to twice thereffective radius of the treatment head radius, a,. The dffective

radius—fnray can be derived from the manufacturer's value of the effective radiating area, using the exgression
a, = (AER/n)VZ. If the A is not available, thenythe nominal effective radiating area (4., )-sheuld can be used to

derive g value for a,.
.4.4 |For small treatment heads (effective diameters less than 1,5 cm), the maximum |power
outpuf should be used, and this may typically lie in the range 0,9 W to 1,8 W. In addit|on, to
restrigt the irradiation time\used, the switch ON time shall be limited to 5 s for each aperjure to
minim|ze any heating-of the aperture surface.

1.4.5 |In setting.up; the treatment head shall be positioned as close to the aperture surface as
possiljle but not*touching — separations in the range 0,2 cm to 0,4 cm are acceptable¢. The
surface of the treatment head and the front face of the aperture should be as parajlel as
possiljle.

1.4.6 It is important that the axis of symmetry of the reflecting target (if used) and the aperture
axis are co-axial. The sensitivity of the results obtained using the aperture technique to
alignment has been assessed [11], and it is sufficient to align the system by eye. The treatment
head is then positioned centrally over the aperture, again purely by eye, such that the acoustic
axis of the beam is assumed to be nominally coincident with that of the aperture and target. No
re-positioning of the treatment head in the plane of the aperture is carried out for subsequent
apertures.

NOTE 1 In order to aid alignment of the aperture below the surface of the treatment head, alignment cross-hairs
can be marked on the surfaces of the aperture mask.

NOTE 2 Alignment of the target relative to the aperture-may-not-be-as is expected to be less critical for radiation
force balances which employ an absorbing target.
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NOTE 3 The co-axiality of the aperture and treatment head assumes that the spatial distribution of the intensity
within the ultrasonic beam is broadly symmetrical and centred on the geometrical axis of the transducer. In situations
where crystal damage has occurred, this-may-net is unlikely to be the case and scanning the treatment head in the
plane of a small diameter aperture (0,4 cm to 0,6 cm) will provide some guidance on how the power is distributed.

1.4.7 As in the case of power measurements, care should be taken to ensure there are no
bubbles in the intervening path or on the surfaces of the aperture masks. These can normally
be wiped clear using a paint-brush.

NOTE It-may can be found that small bubbles adhere to parts of the aperture. If these are generally positioned well
away from the acoustic beam, they-shoeuld—ret are unlikely to influence the transmitted power. Pre-soaking of the
apertures in water containing a small amount of detergent-may can also reduce this effect.

1.4.8 ; i i uld be
carried out and an average power taken in order to improve the statistics. Using the-nfinimal
irradigtion time identified in 1.4.4, this process should take around 30 s to 40 s in tgtal

1.4.9 |In-between the aperture measurements, and certainly at the beginning, and end [of the
run, a|jnumber of checks of the "free" or "unapertured™ power should be made-with no agerture
in plage.

1.4.10| A set of aperture measurements will typically comprise \the results of around 12
apertures, along with three or four "unapertured" power measurements.

1.4.11| For small treatment heads whose effective diameten'is less than 1,5 cm, these| could
typically cover aperture diameters in the range 0,4 cm to4,8 cm.

.4.12| For larger treatment heads whose effective diameter is greater than 2,0 cm,|these
could typically cover aperture diameters in the range 0,6 cm to 3,0 cm.

1.4.13| In either case, a reasonably even distribution of aperture sizes should be used.

NOTE [With care in the experimental technique, values of power produced by a particular aperture-shduld are
expectdd to be reproducible to within +3 % to(#4 %.

1.4.14] In some situations, a "blank" aperture (essentially a layer of the mask material with no
hole pgresent, so it represent§ a continuous piece of absorber) might be useful. When [this is
placed in front of the treatment head, the power balance should read zero. If it does nof, then
there [may be other signals affecting the balance reading (for example, radio-frequency
electrical signals emitted'by the transducer).

1.5 Analysis_of raw data to derive the effective radiating area

1.5.1 |This Clause 1.5 provides a step-by-step breakdown of the data analysis procedure, taking
a typidal set of raw data. These have been derived from measurements made on a commgfrcially
availaﬂe—lﬂvrﬁz_mWameer,cm,mmta_ﬁ been
acquired using nominal aperture diameters in the range 0,8 cm to 3,0 cm, using the method

described in [9]. Table I.1 represents the raw data derived from a typical measurement run,
showing transmitted power as a function of aperture diameter.
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Table 1.1 — Aperture measurement check sheet

Date: **/**/** Operator: **
Treatment head: *****.*** *** Serial number; ********
Drive unit setting: 5,4 W Frequency: 1 MHz
Radiation force balance readings
Aperture diameter
om (W)
OFF 1 ON 1 OFF 2 ON 2 Mean reading
No aperture 0,00 4,98 0,02 4,97 4,965
2.0 0.00 3.92 0.04 4.00 3.9
2,4 0,00 4,59 0,02 4,64 4,593
3,0 0,00 4,76 0,01 4,80 4,787
No aperture 0,00 4,88 0,01 4,90 4.8
2,6 0,00 4,70 0,03 4,74 4,693
2,0 0,00 3,96 0,02 3,92 3,933
2,1 0,00 4,26 0,01 4,34 4,2
2,2 0,00 4,52 0,02 4749 4,497
1,6 0,00 3,07 0,00 3,12 3,087
No aperture 0,00 4,97 0,00 4,99 4,9
1,8 0,00 3,47 0,01 3,54 3,487
1,5 0,00 2,65 0{01 2,72 2,653
1,3 0,00 1,93 0,00 1,95 1,937
0,8 0,00 0,89 0,01 0,83 0,8
2,4 0,00 4,64 0,01 4,66 4,64
No aperture 0,00 4,87 0,01 4,94 4,887
2,0 0,00 4,00 0,01 4,02 4,0
1,8 0,00 349 0,00 3,52 3,5
2,1 0,00 4,16 0,00 4,17 4,163
2,2 0,00 4,55 0,01 4,58 4,553
1,6 0,00 3,13 0,02 3,10 3,107
2,6 0,00 4,75 0,01 4,72 4,733
3,0 0,00 4,86 0,00 4,80 4,84
No aperture 0,00 5,01 0,03 4,99 4,9
The dpta have been derived by switching the treatment head ON and OFF in the sequence
indicajed, the 'mean reading being calculated from:
[(ON1 - OFF1) + (ON1 - OFF2) + (ON2 - OFF2)]/3.

NOTE The data set has been derived using eleven apertures. Repeats have been carried out on several apertures
to check on the reproducibility of the measurements. The "no aperture" power measurement has been repeated five
times to improve statistics.

1.5.2 The data listed in Table I.1 are used to produce a graph, shown in Figure |.2. This
demonstrates the expected variation in power as a function of aperture diameter.
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Figure 1.2 — Measured power as a function“of aperture diameter for commercially
available 1 MHz physiotherapy treatment heads

To detive a value for effective radiating area, further data manipulation is required: the reason
for thig lies in the spatial distribution of.ultrasound in the field produced by the physiotherapy
treatment head, and in the fact that the effective radiating area is itself defined|via a
seconfary parameter, the beam ‘cross-sectional area (4gcg), Which describes the minimum

area through which the majority~of'the ultrasonic power is distributed. The raw data are agtually
analyged and "sorted" in a manner analogous to that described in Annex B. This procedure is
descriped below in a step-by-step format.

1.5.3 |From the raw‘data (power as a function of aperture diameter), the nominal agerture
diameters are converted to areas.

1.5.4 |Considering the 0,8 cm diameter aperture, it transmits a power of 0,86 W (see Table 1.1).
By indreasing the aperture size to 1,3 cm, the transmitted power is 1,94 W, and so the |power
differgncé/of 1,08 W is assumed to be distributed evenly over an area equal to the apnulus
forme%mmWwer
contribution relative to the 1,3 cm aperture (0,72 W), a representation of the power distribution

may be built up. This is done for all adjacent aperture pairs and the data obtained is illustrated
in Table I.2.

NOTE For the 0,8 cm diameter aperture, the power is clearly distributed over a circle of radius 0,4 cm, and not an
annulus.
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Table 1.2 — Annular power contributions

1.5.5

Aperture pair Power contribution
W
0to0 0,8 0,86
0,8t0 1,3 1,08
1,3t0 1,5 0,72
1,5t0 1,6 0,44
1,6 to 1,8 0,40
2,0 to 2,1 0,26
2,110 2,2 0,27
2,2t02,4 0,12
2,410 2,6 0,097
2,6 to 3,0 0,091

The power contributions from each annulus are converted into intensity contributio
dividirlg the power contained in a particular annulus by the area‘ef that annulus. This prg

ns, by
duces

a datqd set of intensity contributions from each pair of suceessive apertures and is shown in

Table|.3.

Table 1.3 — Annular intensity contributions

Apprture pair Area of larger Annulus;area Power Intensity
aperture contribution contributipn

cm? cm? w W cm™2
0 to 0,8 0,503 0,503 0,86 1,71
3,80 1,3 1,327 0,825 1,08 1,31
,3to 1,5 1,767 0,440 0,72 1,64
,5t0 1,6 2,014 0,243 0,44 1,81
,6t0 1,8 2,645 0,534 0,40 0,75
,8t0 2,0 3,142 0,597 0,47 0,79
2,0to 2,1 3,464 0,322 0,26 0,81
2,1t02,2 3,801 0,338 0,27 0,80
2,2 to 2% 4,524 0,723 0,12 0,17
2,4¢0 276 5,309 0,785 0,097 0,12
2,610 3,0 7,009 709 0,091 0,05

1.5.6 The intensity contributions are then sorted in descending order, ensuring that the
association is kept of the annulus area (aperture pair) that produced each contribution. This is

shown in Table 1.4.
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Table 1.4 — Annular intensity contributions, sorted in descending order

Aperture pair Intensity contribution Annulus area

W cm™2 cm?
1,5t0 1,6 1,81 0,243
0t0 0,8 1,71 0,503
1,3t0 1,5 1,64 0,44
0,8to 1,3 1,31 0,825
2,0to 2,1 0,81 0,322
2,10 22 0.8 0,338
1,8 to 2,0 0,79 0,597
1,6 to 1,8 0,75 0,534
2,2t02,4 0,17 0,723
2,410 2,6 0,12 0,785
2,6 to 3,0 0,05 1,759

NOTE |From this data set, it is clear that most of the intensity lies centred about the acoustic beam axis Hetween
aperturgs 0 and 1,6 cm.

1.5.7 |Each intensity value is converted back to a power value by multiplying Qy the
corresponding annular area. This produces a data set of power contributions and annular preas,
which|have actually been sorted in order of descending intensity. This is shown in Table|l.5.

Table 1.5 — Annular power contributions, sorted in descending
order of intensity contribution

Aperture pair Intensity Annulus area Power
contribution contribution

Wiem™2 cm? w
1,5t0 1,6 1,81 0,243 0,44
0to 0,8 1,71 0,503 0,86
1,3 to 1,5 1,64 0,44 0,72
0,8 to~143 1,31 0,825 1,08
2,00t0-2,1 0,81 0,322 0,26
271 t0 2,2 0,8 0,338 0,27
1,8t0 2,0 0,79 0,597 0,47
1,6 to 1,8 0,75 0,534 0,40
2,4t02,6 0,12 0,785 0,09
2,6 to 3,0 0,05 1,759 0,09

1.5.8 A running sum is then produced of cumulative power against cumulative area, by
summing the values down the table (the cumulative power total should be equal to the power
transmitted through the largest aperture). This is shown in Table 1.6.
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Table 1.6 — Cumulative sum of annular power contributions,

previously sorted in descending order of intensity contribution,
and the cumulative sum of their respective annular areas

Intensity Annulus area Power Cumulative area Cumulative power
contribution contribution

W cm™2 cm? w cm? w
1,81 0,243 0,44 0,24 0,44
1,71 0,503 0,86 0,75 1,30
1,64 0,44 0,72 1,19 2,02
.31 0,825 T,08 Z,071 3,10
0,81 0,322 0,26 2,33 3,36
0,8 0,338 0,27 2,67 3,63
0,79 0,597 0,47 3,27 4,11
0,75 0,534 0,40 3,80 4,51
0,17 0,723 0,12 4,53 4,63
0,12 0,785 0,09 5,31 4,72
0,05 1,759 0,09 7,07 4,81

1.5.9 |A figure should then be plotted, of cumulative power as a function of cumulative area, as
in Figyre 1.3. From the value of power measured for the\"unapertured" case (4,89 W), calculate
the 75 % transmitted power (3,67 W), and read off the{cumulative area at this power levgl. The
cumulptive area value is finally divided by 0,75 to, derive an estimate of the effective radiating
area qgf the treatment head.
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Figure 1.3 — Cumulative sum:6f-annular power contributions,
previously sorted in descending order of intensity contributions,
plotted against the cumulative sum of their respective annular areas

NOTE [The treatment head analysed in this.case has an effective radiating area of 3,5 cm?, given by the

of 2,65 cm? to 0,75.

1.6 Implementation of the aperture technique

It is gnvisaged that the“aperture method will be applied in a number of different wa
example:

as|a meansy'of acceptance testing prior to a treatment head being placed into g
sefvice,a-full characterization could be carried out using many apertures (> 12). This

then produce a reference curve for that treatment head,;

asla™means of routine evaluation, on an annual basis, using only two or three apert

<V

juotient

s, for

linical
would

res to

compare with the reference curve;

as a means of verifying continual reliable performance, if a treatment head has been
dropped or damaged: again, this could be done using a limited number of apertures,

followed by more extensive tests if differences are noted.
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1.7 Relationship of results to reference testing method

Bibliographic reference [9] represents a comparison of the aperture method with hydrophone
measurements carried out using the test procedures given in Clause 7 for seventeen treatment
heads commonly used in clinical practice. Although differences for some treatment heads were
noticed of up to +20 %, the typical level of agreement was +11 %. Reference [11] contains
details of measurements made using the apertures with implementations of a radiation force
balance which utilizes absorbing and reflecting targets.

NOTE In general, the aperture technique gives best agreement (typically +11 %) with results for the 4, determined

through hydrophone scanning for large ka transducers (ka > 50). For transducers with ka < 30, the agreement with
the reference-technique-is—typicaty+209
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Annex J
(informative)

Guidance on uncertainty determination

To be truly meaningful, the result of a measurement-must needs to be accompanied by its
associated uncertainty. In evaluating and expressing the uncertainty in the measurement, the
guidance provided by [12] should be followed.

In general, uncertainty components are grouped in accordance with how the values are

estima3

tad
oo

— Ty
— Ty

The fq

be A: evaluated by statistical means.

pbe B: evaluated by other means.

llowing is a list of common sources of uncertainty in the measurement of ultrg

physi
but m

btherapy equipment that may be evaluated on a Type B basis. Thelist is not exhd
y be used as a guide when assessing uncertainties for a particularimeasurement s

or method. Depending on the parameter under consideration, the-measurement syste
method chosen and its implementation, some (though possibly ,aot-all) of these sourc
need assessing. For example, the errors from measuring instruments may be minimized

use of
since
have |

Sourc

e int

e |ag
e sSp
pe
e mi
fan

e ac
the

the same measuring channel (amplifier, filter, voltmeter,“etc.) for all signals. Ho
this may not be the case in all implementations, components for these sources o
een included in the list.

bs of uncertainty applicable to hydrophone measurements in general:

brference from acoustic reflections, leading to a lack of free-field conditions;
k of acoustic far-field conditions;

btial averaging effects of the hydrophones used due to their finite size and the |
rfect plane-wave conditions;

salignment, particularly at higher frequencies where the hydrophone response n
from omnidirectional;

bustic scattering fromthe hydrophone mount (or vibrations picked up and conduc
mount);

e erfors in measurément of the received voltage (including the accuracy of the mea

ing

trumentation'= voltmeter, digitizers, etc.);

ccuracyr-ofithe gains of any amplifiers, filters and digitizers used;

e ing
e er
e er

att

ors jn‘the measurement of the drive current or voltage;

ofs/ due to the lack of linearity in the measurement system (the use of a cali

sonic
ustive
ystem
m and
s will
by the
vever,
f error

ack of
ay be
ted by

suring

brated

e inaccuracy of any electrical signal attenuators used;

e electrical noise including RF pick-up;

1);

e inaccuracy of any electrical loading corrections made to account for loading by extension
cables and preamplifiers;

e bubbles or air clinging to transducers (this should be minimized by adequate wetting and
soaking of transducers);

e errors in the values for acoustic frequency.
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Sources of uncertainty specific to determination of effective radiating area and total mean

square acoustic pressure:

e errors in the measurement of the separation distance;

e spatial resolution of the beam scans carried out (local structure which may be
undersampled).

More details about uncertainty calculation of effective radiating area, total mean square
acoustic pressure and beam non-uniformity ratio can be found in [13] and [14].



https://iecnorm.com/api/?name=e0879c461baacddcbcfb457025913ec5

- 68 - IEC 61689:2022 RLV © IEC

Annex K
(informative)

Examples of pulse duration and pulse repetition
period of amplitude modulated waves

2022

In Figure K.1, Figure K.2, Figure K.3, Figure K.4 and Figure K.5, the pulse duration and the
pulse repetition period (prp) are illustrated for five simple modulation waveforms, shown as
solid lines in each figure. For simplicity, the acoustic pulse waveforms are not shown in the
figures. The modulatlon waveforms are considered to be represented by voltages U(t) within

this AnnexK h_fig ontain o—dgo here the mod a ] a
dashef reference I|ne WhICh has value U e The tlme between these two dots defmest@
duration (3.33). Qy

In the| first three examples, the minimum value of the modulation wavef@r is zerg.
referepce value (U,¢f) (see Note 1 to entry in 3.33) is equal to 10 % of the%aximum %
the modulation waveform (U,o; = 0,1 * Uy 4y)- o)
NO
. prp . C}%
Umax - - s\\(\//
O
Uref 4= = = =& - /\Q
V IEC
\s\\

Figun

Figure K.1 — Example 1: Tone-burst@e. rectangular modulation waveform)

.\@

Q IEC
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Figure K.3 — Example 3: Full-wave modulation with no filtering of the AC mains voltage
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In the next two examples, the minimum value of the modulation waveform is greater than

Zero.

The reference value (U,g) is equal to the sum of the minimum value of the modulation
waveform and 10 % of the difference between the maximum and minimum value of the

modulation waveform [U,¢s = Upin + 0,1 (Uax = Unin)l-

U,

max = g - = - -
/ \\\”}’
Uref ‘J‘ === '\ ““““
oy
! \
/ \
0—|— .: ‘_ —_——

Figyre K.4 — Example 4: Half-wave modulation with filtering of the AC]anins voltage;
filtering insufficient to define the wave as continuous w@ (3.17)

©
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filtering insuffici o define the wave as continuous wave (3.17)

.

In Exgmples 2 and 4 the se repetition rate (prr = 1/prp) is equal to the mains frequen
example, prr =50 Hz o =60 Hz. In Examples 3 and 5 the pulse repetition rate (prr =

is equpl to twice the @ms frequency; for example, prr = 100 Hz or prr = 120 Hz.

O
Figyre K.5 — Example 5: Full-u{a}e modulation with filtering of the AC mains voltage;

IEC

cy; for
1/prp)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - PHYSIOTHERAPY SYSTEMS -
FIELD SPECIFICATIONS AND METHODS OF MEASUREMENT
IN THE FREQUENCY RANGE 0,5 MHz TO 5 MHz

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comprising
ational electrotechnical committees (IEC National Committees). The object of IEC is to promotetinterpational
peration on all questions concerning standardization in the electrical and electronic fields. To-this ¢nd and
dition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)"]. Their
aration is entrusted to technical committees; any IEC National Committee interested in the subject dqalt with
participate in this preparatory work. International, governmental and non-governmental-6rganizationsjliaising
the IEC also participate in this preparation. IEC collaborates closely with the International Organizition for
dardization (ISO) in accordance with conditions determined by agreement betWween the two organizgtions.

formal decisions or agreements of IEC on technical matters express, as néafly as possible, an interpational
Eensus of opinion on the relevant subjects since each technical committee has representation from all
ested IEC National Committees.

Publications have the form of recommendations for internationalk use and are accepted by IEC National

Conpmittees in that sense. While all reasonable efforts are made, to énsure that the technical content of IEC

Pub)
mis

ications is accurate, IEC cannot be held responsible for_the way in which they are used or for any
nterpretation by any end user.

In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ|cations
trangparently to the maximum extent possible in their national'and regional publications. Any divergence Hetween

any

IEC
ass

ser\ices carried out by independent certification-bodies.

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

No

IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

itself does not provide any attestation of confarmiity. Independent certification bodies provide cofformity
bssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible |[for any

iability shall attach to IEC or its directors, employees, servants or agents including individual expgrts and

members of its technical committees‘and IEC National Committees for any personal injury, property damage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and

exp
Pub)

bnses arising out of the pdblieation, use of, or reliance upon, this IEC Publication or any other IEC
ications.

Attention is drawn to the Narmative references cited in this publication. Use of the referenced publications is

indi

Epensable for the cofrect application of this publication.

Attention is drawn to the/possibility that some of the elements of this IEC Publication may be the subject of patent

righ

s. IEC shall net.be held responsible for identifying any or all such patent rights.

689 has been prepared by IEC technical committee 87: Ultrasonics. It is an International
brd.

A—published—r—2043—Fhis—edition

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

edition.

a) The requirement on water oxygen content is specified in 6.1.

b) Former recommendations in 6.2 have been changed to become requirements.

c) Several definitions in Clause 3 have been updated in line with other TC 87 documents.

d) The formerly informative Annex A has been changed to become normative, and now
contains details on how conformance with IEC 60601-2-5 requirements is checked.

e) Annex D has been considerably shortened and reference to a now withdrawn regulatory

do

cument has been removed.
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The text of this International Standard is based on the following documents:

Draft Report on voting

87/784/FDIS 87/789/RVD

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

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and deveIoLJed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed™by IHC are
descriped in greater detail at www.iec.ch/standardsdev/publications.

NOTE |The following print types are used:

e Requirements: in Arial 10 point

e Nofes: in Arial 8 point

e Words in bold in the text are defined in Clause 3
e Syinbols and formulae: Times New Roman + Italic

e Colnpliance clauses: in Arial Italic

The committee has decided that the contents of this degeument will remain unchanged until the
stabilify date indicated on the IEC website under.webstore.iec.ch in the data related [to the
speciflc document. At this date, the document will-bge
e re¢onfirmed,

. wilhdrawn,

o replaced by a revised edition, or

e amended.
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INTRODUCTION

Ultrasound at low megahertz frequencies is widely used in medicine for the purposes of
physiotherapy. Such equipment consists of a generator of high frequency electrical energy
and usually a hand-held treatment head, often referred to as an applicator. The treatment
head contains a transducer, usually a disc of piezoelectric material, for converting the electrical
energy to ultrasound and is often designed for contact with the human body.
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ULTRASONICS - PHYSIOTHERAPY SYSTEMS -
FIELD SPECIFICATIONS AND METHODS OF MEASUREMENT
IN THE FREQUENCY RANGE 0,5 MHz TO 5 MHz

1 Scope

This document is applicable to ultrasonic equipment designed for physiotherapy containing an
ultrasent 3 ey ereratirg—conttous—or—cuasteontintogts—feg—tore—bursth wave
ultrasjpund in the frequency range 0,5 MHz to 5 MHz. This document only relates to ultrdsonic
physiptherapy equipment employing a single plane non-focusing circular transducer per
treatment head, producing static beams perpendicular to the face of the treatment heaf.

This document specifies:

e mgthods of measurement and characterization of the output of ultrasonic physiotherapy
equipment based on reference testing methods;

e characteristics to be specified by manufacturers of ultrasonic physiotherapy equipment
baged on reference testing methods;

e gujdelines for safety of the ultrasonic field generatéd by ultrasonic physiotherapy
equipment;
e mathods of measurement and characterization of‘the output of ultrasonic physiotherapy
equipment based on routine testing methods;

e acfeptance criteria for aspects of the output of ultrasonic physiotherapy equipment
baged on routine testing methods.

Therapeutic value and methods of use ofailtrasonic physiotherapy equipment are not|within
the scppe of this document.

Ultragonic physiotherapy equipment using ultrasound in the frequency range from 20 kHz
to 500 kHz is dealt with in IEC 63009.

2 Noprmative referénces

The following documents are referred to in the text in such a way that some or all of their cpntent
constifutes requirements of this document. For dated references, only the edition cited applies.
For undated-references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60601-1, Medical electrical equipment — Part 1: General requirements for basic safety and
essential performance

IEC 60601-2-5, Medical electrical equipment — Part 2-5: Particular requirements for the basic
safety and essential performance of ultrasonic physiotherapy equipment

IEC 61161, Ultrasonics — Power measurement — Radiation force balances and performance
requirements

IEC 62127-1, Ultrasonics — Hydrophones — Part 1. Measurement and characterization of
medical ultrasonic fields
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

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

3.1

absoltite maximum rated output power
sum off the rated output power, the 95 % confidence overall uncertainty in the rated“qutput
powel, and the maximum increase in the rated output power for a £+10 % variationdnthg rated
value pf the mains voltage

Note 1 fo entry: The possibility of variation in the rated output power resulting from +10%Variation in tHe rated
value of the mains voltage should be checked by using a variable output transformerdetween the mains |voltage
supply and the ultrasonic physiotherapy equipment. See Clause A.2 for further guidanee.

Note 2 fo entry: Absolute maximum rated output power is expressed in watts (W).

3.2
active area coefficient

0

quotient of the active area gradient, m, and the beam cross-sectional area at 0,3 cm from
the fage of the treatment head, 4g:5(0,3 cm)

Note 1 fo entry: Active area coefficient is expressed in(nits of one per metre (m™").

3.3
active area gradient
m
ratio df the difference of the beam cross-sectional area at z), 4gc5(zy), and the beam ¢ross-
sectignal area at 0,3 cm from_.the face of the treatment head, 4g-5(0,3 cm), divided py the

differgnce of the respective distances

I Bcs(2v ) — 4scs (0.3 cm)

(1)

zy —0,3cm
where
Agpcg Lis'the beam cross-sectional area;
Zy is the distance from the face of the treatment head to the last maximum of the RMS

acoustic pressure on the beam alignment axis

Note 1 to entry: Active area gradient is expressed in metres (m).

[SOURCE: IEC 61689:2013, 3.3, modified — The calculation scheme of the gradient was added
to the definition, and the formula was added.]

3.4

absolute maximum beam non-uniformity ratio

beam non-uniformity ratio plus the 95 % confidence overall uncertainty in the beam non-
uniformity ratio
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3.5

absolute maximum effective intensity

value of the effective intensity corresponding to the absolute maximum rated output power
and the absolute minimum effective radiating area from the equipment

3.6

absolute minimum effective radiating area

effective radiating area minus the 95 % confidence overall uncertainty in the effective
radiating area

3.7
acouz&#wvrki'n-g-freq'ue.wy
acoustic frequency

fawf

frequgncy of an acoustic signal based on the observation of the output of a hydrophone placed
in an acoustic field at the position corresponding to the spatial-peak temporal-peak acpustic
presspre

Note 1 fo entry: The signal is analysed using either the zero-crossing acoustic-working frequency technique or
a spectfum analysis method. Acoustic-working frequencies are defined in 3.7.1 and;3.7.2.

Note 2 [to entry: In a number of cases the present definition is not very/helpful or convenient, especjally for
broadband transducers. In that case a full description of the frequency spectrum should be given in order tg enable
any frequency-dependent correction to the signal.

Note 3 fo entry: Acoustic frequency is expressed in hertz (Hz).

[SOURCE: IEC 62127-1:2007, 3.3]

3.71
arithmetic-mean acoustic-working frequency

fawf
arithmetic mean of the most widely separated frequencies f; and f,, within the range of three

times Jf;, at which the magnitude of(the acoustic pressure spectrum is 3 dB below thg peak
magnitude

Note 1 jo entry: This frequency definition usually is intended for systems that produce short pulses contain|ng only
a few cycles, but it could be ugsed.for tone bursts.

Note 2 fo entry: It is assumed that 1, < f,.

Note 3 fo entry: If ;1§ not found within the range < 3f, 1, is to be understood as the lowest frequency abpve this
range aff which the spectrum magnitude is 3 dB below the peak magnitude.

[SOURCE(IEC 62127-1:2007 and IEC 62127-1:2007/AMD1:2013, 3.3.2, modified — Nofe 1 to
entry has’been modified.]

3.7.2
zero-crossing acoustic-working frequency

fawf
number, n, of consecutive half-cycles (irrespective of polarity) divided by twice the time between
the commencement of the first half-cycle and the end of the »n-th half-cycle

Note 1 to entry: None of the n consecutive half-cycles should show evidence of phase change.

Note 2 to entry: The measurement should be performed at terminals in the receiver that are as close as possible to
the receiving transducer (hydrophone) and, in all cases, before rectification.

Note 3 to entry: This frequency is determined in accordance with the procedure specified in IEC TR 60854.

Note 4 to entry: This frequency is intended for continuous wave or quasi-continuous-wave (e.g. tone-burst)
systems only.
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[SOURCE: IEC 62127-1:2007/AMD1:2013, 3.3.1, modified — In Note 4 to entry, "or quasi-
continuous-wave (e.g. tone-burst)" has been added.]

3.8

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: Temporal waveform is a representation (e.g. oscilloscope presentation or equation) of the
instantaneous acoustic pressure.

[SOURCE: IEC 62127-1:2007 and IEC 62127-1:2007/AMD1:2013, 3.1]

3.9
acoustic repetition period

arp
pulsejrepetition period equal to the time interval between correspondingpoints of consgcutive
cycled for continuous wave systems

Note 1 jo entry: Acoustic repetition period is expressed in seconds (s).

[SOURCE: IEC 62127-1:2007, 3.2, modified — The definition has’been made more specffic for
non-s¢anning systems.]

3.10
amplifude modulated wave
wave [n which the ratio ptp/(\/ZpRMS) at any point.inrthe far field on the beam alignment axis
is grejter than 1,05, where Ptp is the temporal{peak acoustic pressure and pg\g is th¢ RMS

acoustic pressure

3.11
attachment head
accessory intended to be attached- to the treatment head for the purpose of modifyihg the
ultrasgnic beam characteristics

[SOURCE: IEC 60601-2-632009, 201-3-202]

3.12
beam|alignment,axis
straight line joining two points of maximum RMS acoustic pressure on two plane suffaces
parall¢l to thesfaces of the treatment head at specific distances

Note 1 foentry: One plane is at a distance of approximately «?/4 where a is the geometrical radius of thé active
element of the treatment head. The second plane surface is at a distance of either 24%/1 or a?/(31), whichever is the
more appropriate. For the purposes of alignment, this line may be projected to the face of the treatment head.

Note 2 to entry: As the beam alignment axis is used purely for the purposes of alignment, the definitions of specific
distances may be relaxed slightly to reflect the constraints of the measurement system employed. For example, some
treatment heads will have «?/. considerably greater than 12 cm, in which case a maximum distance of 12 cm may
be used to define the first plane. General guidelines for determining the beam alignment axis are given in 7.3.
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3.13
beam cross-sectional area

4gcs

minimum area in a specified plane perpendicular to the beam alignment axis for which the
sum of the mean square acoustic pressure is 75 % of the total mean square acoustic
pressure

Note 1 to entry: Beam cross-sectional area is expressed in units of square metre (m?).

Note 2 to entry: The rationale supporting the definition is described in Annex D.

3.14
beam[maximum intensity
produ¢t of the beam non-uniformity ratio and effective intensity

Note 1 fo entry: Beam maximum intensity is expressed in units of watt per square metre (W/m?).

3.15
beam|non-uniformity ratio
Rgn
ratio 9f the square of the maximum RMS acoustic pressure to 'the spatial average [of the
squaré of the RMS acoustic pressure, where the spatial average)is taken over the effpctive
radiating area

2
_ Pmax,RMSAER (2)

Ran pmsyilq

where

Pmax RAMs i the maximum RMS acoustic pressure;

AgR is the effective radiating-area;

pmsy is the total mean sguare acoustic pressure;
Ag is the unit area forthe raster scan.

3.16

beam|type

descriptive classification of the ultrasonic beam

Note 1 jo entry;.\There are three beam types: collimated (3.18), convergent (3.19) and divergent (3.20).

3.17
contintots—wave
wave in which the ratio ptp/(\/2 PrMms), at any point in the far field on the beam alignment axis,
is less than or equal to 1,05, where Ptp is the temporal-peak acoustic pressure and pgys is
the RMS acoustic pressure

3.18
collimated
<beam> having an active area coefficient, 0, that obeys the following inequality

-0,05cm1<0<0,1cm’
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3.19

convergent
<beam> having an active area coefficient, 0, that obeys the following inequality

Fibed in

bhone

0 < -0,05cm™1

3.20

divergent

<beam> having an active area coefficient, 0, that obeys the following inequality
0>0,1cm!

3.21

duty factor

ratio df the pulse duration to the pulse repetition period

3.22

effectjve intensity

le

intensjty given by I, = P/Agg where P is the output power and 4ggcis the effective radiating
area

Note 1 fo entry: Effective intensity is expressed in units of watt per sqGare metre (W/m?2).

3.23

effectjve radiating area

Agr

beam|cross-sectional area determined at a distance of 0,3 cm from the front of the treatment
head,|4gc5(0,3 cm), multiplied by a dimensienless factor .. equal to 1,333

Note 1 fo entry: The conversion factor F__ is used here in order to derive the area close to the treatment head
which gontains 100 % of the total mean square acoustic pressure. The origin of the value of F__is desc

Annex k.

Note 2 fo entry: Effective radiating area is expressed in units of square metre (m?2).

3.24

end-of-cable loaded sensitivity

M, (/)

<of a hydrophong:or hydrophone assembly> quotient of the Fourier transformed hydro

voltag

e-time _signal F(u (¢)) at the end of any integral cable or output connectoy

of a

hydrophone or hydrophone assembly, when connected to a specified electric load impe
Féurier transformed acoustic pulse waveform F(p(?)) in the undisturbed free fie

to the
plane

removed

ance,
d of a
were

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 electrical voltage and the sound pressure.

[SOURCE: IEC 61828:2020, 3.50]
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3.25
far field
region of the field where z > z aligned along the beam axis for planar non-focusing transducers

where z is the distance from the face of the treatment head to a specified point on the beam
alignment axis

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

Note 2 to entry: The term "far field" is used in this document only in connection with non-focusing source
transducers. For focusing transducers a different terminology for the various parts of the transmitted field applies
(see IEC 61828)

Note 3 fo entry: For the purposes of this document, the far field starts at a distance where z; = A g, /(1) where
Aggrn i8] the nominal value of the effective radiating area of the treatment head and 1 is the wavelength of the
ultrasond corresponding to the acoustic working frequency.

[SOURCE: IEC 62127-1:2007/AMD1:2013, 3.28, modified — In the definition) specificatipn of z
has bgen added and Note 3 to entry has been replaced to provide specific/information of z1]

3.26
hydrophone
transducer that produces electrical signals in response to pressure fluctuations in water

Note 1 fo entry: A hydrophone is principally a passive device desigh€d and built to respond to sound prespure.

Note 2 jo entry: In some applications, a hydrophone is used as\an active device to transmit sound.

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

3.27
instantaneous acoustic pressure

p(?)
pressuire at a particular instant in time and at a particular point in an acoustic field, minus the
ambiept pressure

Note 1 jo entry: Instantaneous acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC 60050-802:2011, 802-01-03]

3.28
maxi:]mm RMS<acoustic pressure

Pmax,AMS
maximum @value over the entire acoustic field of the RMS acoustic pressure

Note 1 toemtry—Maximunm RMSacoustic pressure 1S exXpressed i pascats (Pay:

3.29

mean square acoustic pressure

mean square of the instantaneous acoustic pressure at a particular point in the acoustic field,
taken over an integral number of acoustic repetition periods

Note 1 to entry: In practice, the mean value is often derived from RMS measurements.

Note 2 to entry: Mean square acoustic pressure is expressed in units of pascal squared (Pa?).
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3.30
modu

lation waveform

temporal envelope waveform of the amplitude modulated wave at the point of peak RMS
acoustic pressure on the beam alignment axis and displayed over a period sufficiently long

to incl

ude all significant acoustic information in the amplitude modulated wave

Note 1 to entry: See Annex K for examples.

3.31
outpu
P

t power

time-average ultrasonic power emitted by a treatment head of ultrasonic physiotherapy

equip
prefer

Note 1

[SOUH
replac

3.32
peak
maxin
acous

Note 1

3.33

pulse
time in
at the

Note 1
10 % of

Note 2
waves.

Note 3

Note 4

3.34
pulse
prp
time i
modu

Ably in water

o entry: Output power is expressed in watts (W).

RCE: IEC 61161:2013, 3.3, modified — In the definition, "ultrasonic transducer" ha
ed by "treatment head of ultrasonic physiotherapy equipment’;]

RMS acoustic pressure
um value of the RMS acoustic pressure over a specified region, line or plang
ic field

o entry: Peak RMS acoustic pressure is expressed in pascals (Pa).

duration

next time the modulation waveform returns to that value

the difference between the maximum(and minimum value of the modulation waveform.

fo entry: This definition differs(from that in IEC 62127-1:2007 to be applicable to amplitude mo

o entry: See Annex K for examples.

o entry: Pulse duration is expressed in seconds (s).

repetition{period

ated wave

ment into an approximately free field under specified conditions in a specified mgdium,

5 been

in an

terval beginning when the modulation-waveform exceeds a reference value and ¢nding

o entry: The reference value is equal toe the sum of the minimum value of the modulation wavefdrm and

Hulated

hterval between equivalent points on the modulation waveform for an ampllitude

Note 1 to entry: See Annex K for examples.

Note 2 to entry: Pulse repetition period is expressed in seconds (s).

3.35
pulse

prr

repetition rate

reciprocal of the pulse repetition period

Note 1 to entry: The pulse repetition rate is equal to the repetition frequency of the modulated waveform.

Note 2 to entry: The pulse repetition rate is expressed in hertz (Hz)

[SOURCE: IEC 62127-1:2007, 3.52, modified — Note 1 to entry differs from the original NOTE 1.]
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3.36
rated output power

maximum output power of the ultrasonic physiotherapy equipment at the rated value of the

mains voltage, with control settings configured to deliver maximum output power

Note 1 to entry: Rated output power is expressed in watts (W).

3.37
RMS acoustic pressure

PRMS

root-mean-square (RMS) of the instantaneous acoustic pressure at a particular point in an

acoustic field

Note 1 |[to entry: The mean should be taken over an integral number of acoustic repetition periods|

otherwise specified.

Note 2 jo entry: RMS acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC 62127-1:2007, 3.53]

3.38
spatigl-peak temporal-peak acoustic pressure

Psptp

unless

larger|of the peak-compressional acoustic pressure or the peak-rarefactional acoustic pressure

Note 1 jo entry: Spatial-peak temporal-peak acoustic pressurelis expressed in pascals (Pa).

[SOURCE: IEC 62127-1:2007, 3.63]

3.39
tempgqgral-maximum output power
Ptm

<for ap amplitude modulated wave> actual output power scaled by half of the square

of the [temporal-peak acoustic pressure and the RMS acoustic pressure

H ratio

(4)

2
1
Bm=7 Ho x P
2{ prus
where
P is the actual output power under amplitude modulated wave conditions;
Pip is the temporal-peak acoustic pressure;

PRMS is the RMS acoustic pressure.
Note 1 to entry: Both Pp and pp\s @re measured at a specified point on the beam alignment axis.

Note 2 to entry: Temporal-maximum output power is expressed in watts (W).

3.40
total mean square acoustic pressure

pmst

sum of the mean square acoustic pressure values, each with a specified incremental area, in

a specified plane over specified limits of summation

Note 1 to entry: Total mean square acoustic pressure is expressed in units of pascal squared (PaZ).
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3.41

temporal-maximum intensity

Im

<for an amplitude modulated wave> quotient of the temporal-maximum output power and
the effective radiating area

Ptm
Iy = (5)
Agr

Py |8 the temporal-maximum output power;

Agr |s the effective radiating area.

Note 1 fo entry: Temporal-maximum intensity is expressed in units of watt per square fetre (W/m?).

3.42
tempaqral-peak acoustic pressure
ptp
maximum value of the modulus of the instantaneous acoustic'pressure at a particulaf point
in an acoustic field

Note 1 jo entry: Temporal-peak acoustic pressure is expressed’in’pascals (Pa).

[SOURCE: IEC 62127-1:2007, 3.67]

3.43
treatment head
assenbly comprising one ultrasonic transducer and associated parts for local applicalion of
ultrasjound to the patient

[SOURCE: IEC 60601-2-5:2009,201.3.214, modified — The NOTE has not been includeq.]

3.44
ultraspnic transducer
devicqg capable of converting electrical energy to mechanical energy within the ultrgsonic
frequgncy range and/or reciprocally of converting mechanical energy to electrical energy

[SOURCE: [EC-62127-1:2007, 3.73]

3.45
ultrasound

acoustic oscillation whose frequency is above the high-frequency limit of audible sound (about
20 kHz)

[SOURCE: IEC 60050-802:2011, 802-01-01]

3.46

ultrasonic physiotherapy equipment

equipment

equipment for the generation and application of ultrasound to a patient for therapeutic
purposes

Note 1 to entry: Excluded equipment includes, but is not limited to:

— equipment in which ultrasound waves are intended to destroy conglomerates (for example stones in the kidneys
or the bladder) or tissue of any type;
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— equipment in which a tool is driven by ultrasound (for example surgical scalpels, phacoemulsifiers, dental
scalers or intracorporeal lithotripters);

— equipment in which ultrasound waves are intended to sensitize tissue to further therapies (for example radiation
or chemotherapy);

— equipment in which ultrasound waves are intended to treat cancerous (i.e. malignant) or pre-cancerous tissue,
or benign masses, such as high intensity focused ultrasound (HIFU) or high intensity therapeutic ultrasound
(HITU).

[SOURCE: IEC 60601-2-5:2009, 201.3.216, modified — The NOTE has been modified to give
some examples of excluded equipment.]

4 Symbols

a geometrical radius of the active element of a treatment head
Agcs beam cross-sectional area

Apcgl(0,3 cm) beam cross-sectional area evaluated at 0,3 cm from the.front face gf the

treatment head
Agcsizy) beam cross-sectional area evaluated at the posijtion of the last |axial
maximum, z

AgR effective radiating area of a treatment head

aq geometrical radius of the active element of & hydrophone
Amax maximum effective hydrophone size, défined in IEC 62127-1
A, unit area for a raster scan

arp acoustic repetition period

b minimum radius of a target fera radiation force balance

c speed of sound in water

ERD echo reduction

Sawt acoustic working frequency

Fac conversion factor'to convert Ag-5(0,3 cm) to 4gg

I effective intensity

Iy tempaoral maximum intensity

k (=2n72) circular wave number

m active area gradient

M, end-of-cable loaded sensitivity of a hydrophone

P output power of a treatment head

Py temporal-maximum output power

p(?) instantaneous acoustic pressure

Ptp temporal-peak acoustic pressure

Psptp spatial-peak temporal-peak acoustic pressure

Pmax,RMS maximum RMS acoustic pressure

PRMS RMS acoustic pressure

pmsy total mean square acoustic pressure

prp pulse repetition period

prr pulse repetition rate

(0] active area coefficient
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R ratio of the peak RMS acoustic pressure to the RMS acoustic pressure
averaged over the beam cross-sectional area in a specified plane
Rgn beam non-uniformity ratio
s step size for a raster scan
Sh normalized distance from the face of the transducer to a specified point on
the beam alignment axis
u end-of-cable voltage for a hydrophone
u; hydrophone signal for the i-th scan point
Up RMS noise voltage
z distance from the face of the treatment head to a specified point on the l]»eam
alignment axis
z; distance from the face of the treatment head to the measurement plane
(perpendicular to the beam alignment axis) of interest
Zy distance from the face of the treatment head to the last maximum of the[RMS
acoustic pressure on the beam alignment axis
zZ, distance from the face of the treatment head to(the peak RMS acopstic
pressure on the beam alignment axis
A ultrasonic wavelength
p density of water
5 Ultrasonic field specifications
In addition to the general requirements specified in IEC 60601-1 and specific requirgments
speciflfed in IEC 60601-2-5, manufacturers shall specify nominal values for the following

parameters in the accompanying literature for each type of treatment head:

raled output power (+20 %);
effective radiating area (Azyy) of the treatment head (+20 %);

effective intensity (/) at the same equipment settings as the nominal value
raled output power(+30 %);

acpustic working-frequency (f,,,5) (£10 %);
beam non-uniformity ratio (Rgy) (30 %);
befam maximum intensity (+30 %);

beam/type;

Df the

pu uration, pu T iti Fi
maximum output power to the output power for each modulation setting (x5 %);

modulation waveform for each modulation setting.

\poral

The numbers given in brackets are the tolerances defining the range of acceptable values for
the results of either the type testing reference measurements specified in Clause 7 or the
routine measurements specified in Clause 8. If the published tolerance requirement cannot be
met, then the 95 % confidence level that is achievable should be reported. It shall then be
demonstrated that the reported value, when incorporated with the tolerance so as to produce
the "worst case" value, remains within the range of acceptable values, as specified in
IEC 60601-2-5, and on which more details are provided in Annex A.

The temperature range shall be specified for the parameters specified above. The range of line
voltages shall also be specified.
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For ultrasonic physiotherapy equipment using a treatment head capable of operating at
more than one nominal value of acoustic working frequency, the parameters listed above
shall be specified for each nominal value of acoustic working frequency.

In addition, for ultrasonic physiotherapy equipment which can use an attachment head, the
parameters listed above shall be specified for each combination of attachment head and
treatment head.

NOTE This document does not contain requirements relating to safety: these are covered in IEC 60601-2-5.
However, the requirements of IEC 60601-2-5 on parameters of this document, as well as guidance on performance
and safety, can be found in Annex A.

6 Copnditions of measurement and test equipment used

6.1 General

All mgasurements undertaken in water shall be under approximately free-field conditiorls at a
temperature of 22 °C = 3 °C.

If medsurements are carried out at any other temperature, a test shall be undertaken tq show
that the results, determined in accordance with 7.6 and 8.6 are not dependent gn the
temperature at which the tests were undertaken.

Degagsed water shall be used for the measurement of«ltrasonic power, see Clause ¥. The
amount of dissolved oxygen in the degassed water shall be < 4 mg/l during all measurements.

NOTE |Degassed water is essential to avoid cavitation when\the physiotherapy units are operated at or near full
output |power. Information on preparation of water suitable” for physiotherapy measurements can be fpund in

IEC 61161, IEC TR 62781 and in [1]1.

All mgasurements shall be made after the;swarm-up period specified by the manufacturer. If no
such period is specified, a period of 30_min shall be used.

6.2 Test vessel

The tgst vessel used for all ‘hydrophone measurements shall be large enough to allgw the
immersion of both the treatment head and the hydrophone. The tank size should confprm to
IEC 62127-1.

The rglative position.and angular orientation of the treatment head and hydrophone s
adjustpble for the-purposes of alignment in accordance with IEC 62127-1. Full degr¢es of
freedgm of movement of both may be provided, although the minimum requirement is that|either
the tleatment head or the hydrophone shall possess three independent degrdes of
translational movement. The measurements shall be performed under free-field conditiohs. To
iti ' i s the
mounts used to hold the treatment head and the hydrophone with absorbers or angled
reflector(s) and absorber(s) of higher absorption and lower scatter. The free-field conditions will
be met sufficiently when the overall echo is reduced by more than 25 dB. Various methods can
be used to check the compliance for echo reduction of the tank lining materials used.

T Numbers in square brackets refer to the Bibliography.
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Compliance for overall echo reduction of an acoustic absorber may be checked using the
procedure from IEC TS 63081. If echo reduction is determined it shall be measured at the
acoustic working frequency of the treatment head under test using tone-burst ultrasound,
with the acoustic absorber located in the far field of the separately driven ultrasonic
transducer. The pressure amplitude of the reflection from the front surface of the acoustic
absorber, p,psorber IS cOmpared to that from a perfect planar reflector, p gfector The acoustic

absorber and the reference reflector shall be aligned near normal to the beam alignment axis
but angled so that the reflected signal can be intercepted by the hydrophone. Given that the
amplitude reflection coefficient of a reference reflector R, refioctor SUCh as a stainless-steel

reflector (R, refiector = 0,938 9) is slightly less than that of a perfect reflector (R, rofiector = 1), the
measured reflection pressure amplitude p ., s.mer €aN be adjusted to account for the imperfect
reflecfion in accordance with

Pabsorber (f) = Pabsorber (f) ) Rp,reﬂector (6)

The eg¢ho reduction ERD in decibels (dB) is then calculated using

Preflector

ERD = —20 logy {M}dB (7)

When|a reference reflector is used, its thickness shall be sufficient that reflections from its rear
surfacle do not introduce unwanted measuremeutt artefacts.

Compliance of the test vessel to free-fieldseconditions is checked by noting the invariance|of the
produgt pms; - s2 (see 7.4.7) after compléting the measurements specified in Clause 7.

NOTE |For some treatment heads, ultrasound reflected back to the treatment head can affect output|power,
particulprly in the case of coherent reflections from absorbers with planar smooth surfaces. In these instances, an
improvgd approximation to free-field.conditions can be obtained by using acoustic absorbers with textured siirfaces.

6.3 |Hydrophone

All préssure measurements shall be made with a hydrophone, for example, with either a
piezoglectric polymer or ceramic active element. The electrical signal from the hydrophone
may be amplified for adequate measurement accuracy. The maximum effective radius [of the
hydrophong used for the measurements shall be a,,,, so that:

trax =64 (8)

NOTE 1 For more information on the use of hydrophones see IEC 62127-1.
NOTE 2 The influence of effective hydrophone radius on measurement is described in Annex H.

NOTE 3 Information on the frequency-dependent effective hydrophone radius or size and its derivation from
directional response measurements can be found in IEC 62127-3.
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RMS peak signal measurement

The measured end-of-cable voltage u|(f) at the hydrophone shall be related to the
instantaneous acoustic pressure p applying the end-of-cable loaded sensitivity M, of the

hydrophone in accordance with IEC 62127-1. If distortion caused by nonlinear propagation
effects is negligible, the narrow-band approximation can be applied, and the instantaneous
acoustic pressure can be determined from

p(t) = u (1) [ 1My (Faws)l

9)

where

the adg
presst

on relative hydrophone measurements.

NOTE 1
measur

NOTE 3

Subse
conve
case t
the ey
press

The lin
RMS
made

Comp

transducer and measuring the.signal received by the hydrophone and measuring sys

a fund

7 T

7.1

The p
refere

|M, (faws)| is the modulus of the end-of-cable loaded sensitivity of the hydroph

oustic-working frequency. However, in practice, the absolute values of the ag
re are not required as the analysis of measured data throughout this document is

For more information on criteria for the narrow-band approximation, and~alternatives for bro
ements using the frequency-dependent sensitivity of the hydrophone, see JEC.62127-1.

For more information on the determination of the hydrophone sensitivities see IEC 62127-2.

hience. In fact, if distortion caused by nonlinear propagation effects is negligible, in
he temporal-peak acoustic pressure is proportional to the RMS acoustic press
citation voltage to the ultrasonic transducet/is increased, temporal-peak ac

br peak detection system shall be determined and, if appropriate, corrections sh
to the measured data.

iance for linearity shall be“~checked using a well-characterized linear ultr

tion of voltage excitation applied to the ultrasonic transducer.

/pe testing reference procedures and measurements

General

nce values for the parameters specified in 7.5.

Any u

bne at

oustic
based

adband

quent reference to acoustic pressure will refer to the RMS acoustic pressure for

which
ire as
bustic

Lre may as well be chosen. All measurements:need to be based on the same method.

earity of the response of the combination.of hydrophone, hydrophone/amplifier apnd the

all be

sonic
m as

rocedures’ specified in 7.2 to 7.4 shall be used for the determination of type festing

teptrostott I N 1 .

output

of the ultrasonic transducer in response to changes in the acoustic impedance of the
propagation medium shall be configured so that the control circuitry is switched off, if possible.
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7.2 Rated output power

Output power of the ultrasonic physiotherapy equipment shall be determined in accordance
with IEC 61161. Rated output power shall be determined by setting all controls of the
equipment to yield the maximum output power. To avoid cavitation, degassed water shall be
used between the output face of the treatment head and the entrance of the power
measurement system. The amount of dissolved oxygen in the degassed water shall be < 4 mg/I
during all measurements. Overall uncertainty of measurement expressed at the 95 %
confidence level shall be determined (see 9.3) and shall be better than £15 %. Measurements
shall be traceable to national measurement standards. The absolute maximum rated output
power shall be determined from the sum of the rated output power and the overall uncertainty
in the mean value of the measured rated output power and the maximum increase in the rated
outpuft power for a 70 % variation in the nominal Tine voltage. (See Annex F.)

7.3 |Hydrophone measurements

The trieatment head shall be set up in the test vessel in accordance with Clause€ 6.

All mgasurements of effective radiating area shall be undertaken wjththe equipment|set in
continuous wave mode at intensities low enough to avoid cavitationrUsing degassed whter in
the mgasurement system is good practice to ensure that air bubbles‘are not present on thie face
of thetreatment head or on the hydrophone.

NOTE Measurements of beam cross-sectional area are performéd*at low powers to protect the|needle
hydrophones used. The validity of extrapolating these values to higher power levels more typical of thefapeutic
treatmegnt is demonstrated in Annex G.

NOTE 2 Treatment heads with a < 10 mm, when compared with treatment heads of larger dimensions operating
at similar equipment output settings, have been observed«torproduce higher temporal-peak acoustic pressure
levels. For treatment heads with an acoustic-working~frequency of 1 MHz or less, this increases thq risk of
cavitatipn occurring. The lower limit of 0,2 W/cm? for th€sé small ka treatment heads minimizes this likelijood.

To reduce the likely effects of acoustic reflections on the received hydrophone signdl, it is
permigsible to make hydrophone -measurements with the ultrasonic physiotherapy
equipment operating in tone-burstOmode producing an amplitude modulated wave. If
measuyrements are carried out in\this way, it shall be demonstrated that the derivation|of the
measuUred parameters from thesamplitude modulated wave acoustic field are equivalent to
those [determined in the continuous wave case. The effect of making measurements|in the
amplifude modulated wave-acoustic field case on the uncertainties in the nominal values of
the pgrameters listed in~Clause 5 should also be assessed.

The beam alignment-axis of the treatment head shall be established by hydrophone scénning
in accprdance with'|EC 62127-1. The second plane surface (see 3.12) shall initially be dhosen
as Aggn/(3nA)ilf it is not possible to locate a single peak at or close to this distance, the[larger

distanpe of 24gg\/(n4) shall be chosen. If this latter distance is too large, locate apother
measyrément plane sufficiently far from the first in order to establish reliably the [beam

alignmentaxis—Onceatigned;amaxiatptot stratt beperformedatongthe beamatignment axis

and the distance of the maximum RMS acoustic pressure, Zp, and the position of the last axial
maximum, zy, shall be determined. It may occur that z, and z, are equal.

The step size of the axial plot shall be typically between 0,5 mm and 1,0 mm, and shall not be
greater than 2 mm.

The acoustic-working frequency shall be determined with the hydrophone at a distance =
from the treatment head.

p
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With the hydrophone positioned at the same place, the pulse duration, pulse repetition
period and duty factor shall be determined, and the modulation waveform shall be recorded
for the different modulation settings of the equipment. The quotient of the temporal-peak
acoustic pressure to the RMS acoustic pressure shall be determined for each modulation
setting. The temporal-maximum output power shall then be determined using the output
power determined from 7.2.

7.4  Effective radiating area
7.41 Effective radiating area measurements

Effective radiating area, 4, of the treatment head shall be determined by undertaking a

raster|scan of the acoustic field in a plane perpendicular to the beam alignment axis at a
distanpe of 0,3 cm from the output face of the treatment head, using a hydrophone: Ergm this
scan, |the effective radiating area of the treatment head shall be derived from the [beam
crosstsectional area, A4gcg. The general requirements for raster scans) are giyen in

Clausés B.1 and B.2. The actual procedure for the reference measurements*and the aralysis
of the [results are given in 7.4.2 to 7.4.7. Under normal test conditions, themesults using the test
metholds described shall produce an overall uncertainty in the determination of effpctive
radiating area (at the 95 % confidence level) of £10 %.

For the determination of the beam non-uniformity ratio, Rgy,,under normal test conditions,

the tegt methods shall achieve a measurement uncertainty at the 95 % confidence leyel) of
less than £15 %.

7.4.2 Hydrophone positioning

With the hydrophone at distance Zps the position\of the hydrophone shall be adjusted|in the

plane |perpendicular to the beam alignment axis to determine the maximum RMS acopustic
presspre, p.y rus, iN the field.

This shall be done either by carrying out a raster scan over a limited region of the acoustic field
or by manual translation.

7.4.3 Beam cross-sectional area determination

The ?lram cross-sectional area shall be determined at 0,3 cm from the output face |of the
treatment head, and-at-the position of the last axial maximum, z,. The analysis of the(raster

scans|shall be carried out in accordance with Clause B.3. The analysis yields the beam ¢ross-
sectignal areas} 4g:5(0,3 cm) and 4gg(zy) and the total mean square acoustic pregsure,

pmsy, gt each.measurement plane.

7.4.4 Active area gradient determination

The active area gradient, m, and the active area coefficient, O, [0 = m/Ag5(0,3 cm)] shall
be determined.
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7.4.5 Beam type determination

The beam type shall be determined from:

020,1cm™’ divergent
-0,05cm™'<0<0,1cm™! collimated (10)
0 <-0,05 cm™! convergent

7.4.6 Effective radiating area calculation

)

The effective radiating area, 4y, of the treatment head shall be determined)as follow

AER = FaCABCS(O’3 Cm) = 1’333ABCS (0,3 Cm) (11)

NOTE |Studies have shown that physically unrealistic values for treatment head effective radiating area cgn occur
when applying linear extrapolation procedures to scans carried out in fourplanes on small ka treatment heafs. The
analysig described above, in which the effective radiating area is determined from measurements made inja plane
at a disfance of 0,3 cm from the output face of the treatment head) ‘produces physically realistic data.

7.4.7 Beam non-uniformity ratio calculation

The beam non-uniformity ratio, Rgy, shall be calculated from:

2
-A
Ran = P max I52R (12)
pmsy - S
where
1
pmsy s2 = E{[pmst (0,3) .52 (0,3)} +[pmst (ZN)-S2 (ZN)J} (13)

NOTE 1 Although p .. rus @nd pms, are referred to as acoustic pressure or pressure-squared parameters, only their
ratio is used for the determination of Ry, hence the end-of-cable loaded sensitivity of the hydrophone is not
needed.

NOTE 2 The product pms, - s2 is related to the acoustic power and is calculated by summation of the pressure-

squared values over the area of the raster scans in the plane at 0,3 cm from the treatment head, and also the plane
at z,. In ideal cases, it is invariant with distance from the treatment head.

7.4.8 Testing requirements

The procedures given in 7.4.1 to 7.4.7 refer to measurements made on one treatment head.
After measurements have been completed on the group of treatment heads in accordance with
the sampling requirements of 9.1, mean values of the various parameters specified in 7.5 shall
be determined.
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Reference type testing parameters

For the purposes of reference type testing, values for the following parameters shall be
determined and recorded:

— rated output power;

— effective radiating area (4gg) of the treatment head,;

— effective intensity (/) at the same equipment settings as the rated output power;

— acoustic-working frequency (f,);

NOTE
ultraso
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7.6
For th

Ise duration, pulse repetition period (prp) and duty factor for each.modulation s

dulation waveform for each modulation setting.

This set of parameters could be used for the purposes of recording the performance of a single
hic physiotherapy equipment.

lues shall be the mean values based on sampling specified’in 9.1. The overall unce
95 % confidence level shall also be determined based on the methods speci
J.

ition, absolute maximum or absolute minimum values for certain parameters sH
hined as follows.

psolute minimum effective radiating area shall be determined by subtracting the
ence overall uncertainty in the effective radiating area from the mean value
ve radiating area.

bsolute maximum beam non-uniformity ratio shall be determined by adding ths
ence overall uncertainty in the determination of the beam non-uniformity ratio
value of the beam non-uniformity ratio.

Acceptance criteria for reference type testing

e parameters.isted below, the acceptance criteria for each treatment head shall &

the m

asured yaltes plus and minus the 95 % confidence overall uncertainty in the meg

lre on

ptting;

iece of

rtainty
ied in

all be

95 %
of the

95 %
to the

e that
sured

valueq shall be/entirely within the range defined by the nominal values and their tolefances

specifled in Clause 5. The parameters are as follows:

— ratedoutput power;

— effective radiating area (4gg) of the treatment head,;

— acoustic-working frequency (f,);

— pulse duration, pulse repetition period (prp) and duty factor for each modulation setting.

For beam type, the acceptance criterion shall be that the beam type shall be the same as the
nominal beam type specified in Clause 5.

For effective intensity and beam non-uniformity ratio, acceptance criteria are specified in
IEC 60601-2-5. Guidance on these parameters can be found in Annex A.

Compliance is checked by measurement in accordance with 7.2 to 7.4.
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8 Routine measurement procedure

8.1 General

These procedures shall be used as the basis of tests that may be undertaken on a routine basis,
possibly for each unit of ultrasonic physiotherapy equipment, but more typically for a certain
percentage of the production. This could form the basis of good manufacturing practice or
quality assurance procedures.

The routine tests specified here involve the determination of the values of certain acoustical
parameters, which shall then be compared with the manufacturer's declared values (nominal

I AY altlo : 4+l lo H Y H + ool L
Va Uee) arnu urcit tioicTrarivco, wiicic appyruplidic, HIVCII mroliduotT J.

8.2 |Rated output power

The rated output power of the equipment shall be determined in accordance with 7.2.

NOTE |Although not a requirement of this document, ascertaining accuracy of indicated-pewer is an integra| part of
calibratlon: see IEC 60601-2-5.

8.3 |Effective radiating area

8.3.1 The treatment head shall be set up in the test vesseMn accordance with Clause 6.
Howeyer, alignment of the treatment head shall be achieyed by using a mount desigped to
hold the treatment head under test in an orientation similar to that used for the reference type
testing. An appropriate mechanical alignment device may be used that accepts the treatment
head and always defines the orientation of the front.face in relation to the translational gxes of
the hydrophone.

NOTE |[The aim here is to allow all treatment heads to he set up using a jig or alignment method in such a Way that
the origntation of each treatment head is the same as that used for the reference measurements.

8.3.2 A full axial plot of the acoustic\pressure distribution shall be completed to locdte the
positigns of z, and z), for each treatment head, such that pgyig max Mmay be determined. |t may

occur that z;, and z), are equal.

8.3.3 The beam cross-sectional area shall be determined in the plane at a distapce of
0,3 cnp from the face of the‘treatment head by carrying out a raster scan as described |jn 7.4.
The bpam cross-sectional area at z), shall also be determined and may be derived from a
raster|scan in accordance with the requirements of Annex B, or by using four line or diametrical
scans| The measurement and analysis procedures used for determination of beam ¢ross-
sectignal areausing diametrical scans shall be in accordance with Annex C.

8.3.4 | /The effective radiating area, Agg, can be estimated on a routine evaluation basis

with C|rcular apertures formed by an uItrasound absorbmg matenal W|th Iow reflect|on loss.
An example of such an implementation, and a worked example of the calculations required to
derive the effective radiating area from the measurements made using a range of aperture
diameters, is described in detail in Annex |.

NOTE The value derived for the effective radiating area using the aperture technique is considered an
approximation to the true effective radiating area that would be derived when carrying out the procedures described
in7.4.

8.4 Beam non-uniformity ratio

The beam non-uniformity ratio, Rgy, shall be determined in accordance with 7.4.7.
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8.5 Effective intensity

The effective intensity shall be determined in accordance with 3.22.

8.6  Acceptance criteria for routine testing

The range of rated output power, defined by the measured rated output power plus and
minus the 95 % confidence overall uncertainty for the routine measurement of rated output
power (see 9.3), shall be entirely within the range of values defined by the manufacturer's
nominal value for the rated output power and its tolerances specified in accordance with
Clause 5.

Compliance is checked by measurement in accordance with 7.2.

The rgnge of effective radiating area, defined by the measured effective radiating area plus
and nlinus the 95 % confidence overall uncertainty for the routine measurement of effpctive
radiating area, shall be entirely within the range of values defined by the’ manufacturer's
nominpl value of the effective radiating area and its tolerances specifig€dyin accordande with
Clausg 5.

Compliance is checked by measurement in accordance with 7.4 and 8.3.

The rgnge of effective intensity, defined by the measured effective intensity plus and|minus
the 98 % confidence overall uncertainty for the routine qneasurement of effective intgnsity,
shall be entirely within the range of values defined by the 'manufacturer's nominal value|of the
effectjve intensity and its tolerances specified in accordance with Clause 5.

Compliance is checked by measurement in accordance with 7.2 and 8.3.

The value of the beam non-uniformity ratio plus the 95 % confidence overall uncertajnty in
the routine measurement of beam non-uniformity ratio shall be less than or equal [to the
nominpl value of the beam non-unifermity ratio specified in accordance with Clause 5.

Compliance is checked by measurement in accordance with 7.4.7.

9 Sampling and uncertainty determination

9.1 Reference type testing measurements

The mlean valués for reference type testing specified in 7.5 shall be based on a sample|batch
of nominallysidentical units of the ultrasonic physiotherapy equipment.

9.2 |RoUtine measurements

The routine measurements shall be undertaken as the basis of good manufacturing practice.
Normally, they shall be undertaken as the basis for testing batch production or at any time when
there may be reason to suspect changes may have occurred. Typically, they shall be undertaken
on a certain percentage of production but, exceptionally, could be undertaken on each
manufactured unit of ultrasonic physiotherapy equipment.

For the purpose of carrying out the Type A uncertainty evaluation (see Annex J) for routine
measurements when full repeat measurements are impractical, partial repeat measurements
may be carried out (by repeating those aspects of the measurement process which can be
undertaken simply and quickly) and a prior knowledge for the type of measurement being
undertaken then used to carry out an estimated Type A uncertainty evaluation.
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NOTE An example of this would be to carry out two line scan measurements on a type of treatment head, and to
use the outcome from a Type A uncertainty evaluation carried out previously on a raster scan on a treatment head
of the same type to produce an overall uncertainty in effective radiating area.

9.3 Uncertainty determination

Where it is necessary to determine the 95 % confidence overall uncertainty of the measurement,
or any parameter, for the purposes of this document, normal uncertainty analysis and estimation
methods shall be used (see Annex J for guidance).
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Annex A
(normative)

Guidance for performance and safety

A.1  General

Clauses A.2 to A.4 reflect the established approach on acceptable values of a few safety related
parameters.

A.2 |Rated output power

Accordling to IEC 60601-2-5, the rated output power shall not vary by more~than +20] % for
variatipns of the mains voltage of +10 %. Manual readjustment of the equipmeént for compliance
with this requirement is not permitted.

Compliance is checked by measurement of the rated output power in-accordance with|7.2 at
90 %,| 100 % and 110 % of the rated value of the mains voltage. For example, |if the
physiqtherapy unit has a rated mains voltage of 230 V, the rated output power shall be
checkgd at mains voltages of 230 (x10 %) V.

The tegrm "rated" is defined in IEC 60601-1 as the "valug assigned by the manufacturgr to a
quantity characteristic of the equipment". This means ‘that when a manufacturer specifies a
useable voltage on the back of a therapy unit, this«s a "rated" value; so, from I[EC 606(1-2-5,
the pawer output needs to be checked for variatienyat 90 %, 100 % and 110 % of the declared
value pven when there is a range.

A.3 [ Effective intensity

Accorgling to IEC 60601-2-5, the absolute maximum effective intensity shall be less than or
equal fo 3,0 W /cm?Z.

Compliance is checked by _determination of the absolute maximum rated output power in
accordance with 7.2 andsabsolute minimum effective radiating area in accordance with 7.4.
A.4 | Beam non-uniformity ratio

A.41 General

Accordling’to IEC 60601-2-5, the absolute maximum beam non-uniformity ratio shall He less

than or equal to 8,0.

Compliance is checked by measurement in accordance with 7.4.

A.4.2

Rationale behind using a limiting value for the beam non-uniformity ratio (Rg,)

The ultrasonic beam distribution produced by a therapeutic treatment head is non-uniform by
nature. Besides this natural character, details of the construction and operation of the treatment
head can produce regions of very high local pressure, also referred to as "hot spots". These
can result in excessive heating in small regions of the tissue being treated, resulting in potential
harmful effects to the patient.
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Transducers of ultrasonic physiotherapy equipment are not designed to provide highly
localized tissue treatment. Consequently, the transducers addressed in this document are
planar. The characterization of focusing transducers capable of generating high intensity beams
which are being used in therapeutic applications is the subject of other documents (see
IEC 62555 and IEC TS 62556).

Alongside the safety aspects and the increased possibility of thermal injury, localized peaking
of the pressure distribution resulting in a "hot spot" may also be considered as an adverse
indicator of transducer quality. For these reasons, the therapist should have knowledge of the
sound field distribution in order to apply therapeutic ultrasound judiciously. A measure of this

repres
the ph

ysiotherapy device.

If, as|in a plane wave, the intensity is derived from the acoustic pressure alone, the ratio
betwepn the time-average intensity distribution (lp) in a field and average intensity of the [piston

sourcI (Ip) is given in Figure A.1 [2]. Following on from the previous discussion, this relation
also re¢presents the Rgy, and it follows that, on theoretical grounds, the. maximum value Will be

four. Bven in the correct treatment where the true intensity (/) is given by-the product of aqoustic
pressdre and particle velocity, the maximum is four and will be found at one near-field |ength
(s, = 1in Figure A.1). From the distance of about one transducer element radius, (z/a = 1), back

to the|element itself, the maximum ratio will decrease typically t0 a value of the order of ffwo.

The a¢tual determination of the Rgy may be performeddsing a hydrophone. In the follojving it

will bg shown that a calibrated hydrophone is not . needed, which will simplify the method of
determination.

In a glane wave approximation, the relation\between intensity and pressure p is gien by
I = p2jpc, where pc is the characteristic acoustic impedance. This formula cannot strictly b used
at distrnces closer than one transducer€lement radius of the treatment head. In most ¢ases,
the maximum pressure is found at greater distances than the treatment head radius ahd the
error in using the expression 7 = p2/pc results in relatively small inaccuracies as illustrdted in
Figurd A.1.

As it may be assumed that the hydrophone output voltage is linearly related to the regeived
acoustic pressure, the formula of the Rgy can be simplified as stated in this document as

follows.

The highest intensity in the beam, spatial-peak temporal-average, /,, is given by:

’spta = ”32 (A1)
|M|” pe

The quantity pms;, used in the main body of this document, is given by:

N2
= A.2
pmsy i=1|ML|2 ( )
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and is known as the total mean square acoustic pressure. It represents a summation of the
acquired voltages squared during the raster scan. Using pms,, the spatial-average temporal-

average intensity is given by:

P Ag-pms

I -
Agr  p-c-Apr

sata =

The expression for the Ry, given as the ratio /gp,//s4t5, May then be derived as:

(A.3)

2
up AER

N 2
AO(Zj)Z U (Zj)
i=1

RN =

The denominator is related to an approximation of the total, output power, derived

summption of the intensities over the acoustic beam.

In the|above formulae, the parameters are as follows:

is the maximum value of u;;

u; is the RMS hydrophone voltage at the =th"point of measurement;

M, is the end-of-cable loaded sensitivity of the hydrophone;

P is the acoustic power;

pmsy is the total mean square acoustic pressure;

P is the density of water;

c is the speed of sound in"water;

Ag is the unit area ofithe scan (4, = s2 for a raster scan where s is the step size);
N is the total number of measurement points in the scan;

Agr is the effective radiating area;

z. is the-distance from the treatment head to the measurement plane of interest.

Figurd A-2.illustrates a histogram in which the Rgy values calculated using Formula (A
presented for 37 different treatment heads, along with the frequency with which these

(A.4)

by a

4) are

alues

occurred when the values of Rgy are separated into bands of 0,5. Normally, the Rgy appears
to be in the range three to seven, but some transducers having a Rgy greater than eight are

shown and these may be considered to have a high Rgy.

The limiting value of eight has been identified in this document for the following reasons.

— In ultrasound physiotherapy the treatment protocol (output, duration and frequency) used
is based on an ultrasonic beam behaving normally, following theoretical expectations.
Evaluating the dose for a treatment is currently difficult to define. Accordingly, a relaxation
of the ideal Rg) value of four is appropriate. Relaxing the theoretical value of Rgy by a factor

of two seems to be quite reasonable. As can be seen in Figure A.2, for normal behaving

practical transducers, Rgy values less than eight can readily be attained.
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— Physiotherapists have no current requirement for a focusing transducer. If a transducer is
focusing, the Rgy Will easily exceed the value eight.

— From a quality point of view, taking the theory into account, there is no justification at all in
having a Rgy greater than eight.

— It can be calculated that a Rgy value of 8,0 (limiting value) results in a maximum pressure

at the maximum allowed output setting (3 W/cm?2) in the range of 1 MPa, a spatial-peak
temporal-peak intensity (Isptp) of 48 W/cm2 and a spatial-peak temporal-average
intensity (Ispta) of 24 W/cm2. It can be expected that higher values cause unwanted

biological effects.

Key
bottpm axis: s
top pxis: z/a

solidl line: 1/1

< < X X

brolen line: Ipllp

NOTE |In [2], the symbol "s" is used to 'describe the normalized distance. To avoid confusion with the rasfer scan
step sige definition used in this document, the normalized distance symbol here has been changed to s.

one|of its plane-wave approximations (broken line), existing on the axis of a circular

Figure A.1 — Normalized, time-averaged values of acoustic intensity (solid line) aE of
pisfon source of ka = 30, plotted against the normalized distance s,,, where s, = lz/a?
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NOTE [The Ry value (in bands of 0,5) has been displayed against its frequency of occurrence.

Figure A.2 — Histogram of Rgy values for 37 treatment heads
of various diameters and frequencies
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Annex B
(normative)

Raster scan measurement and analysis procedures

B.1 General

The determination of the effective radiating area of the treatment head for the purposes of
reference measurements shall be performed using raster scans at 0,3 cm from the face of the
treatment head. These procedures may also be used for routine measurements in accordance
with Clause 8.

B.2 |Requirements for raster scans

B.2.1 | All raster scans shall be square grids with the central point on the beam alignment axis
and inja plane perpendicular to the beam alignment axis. The scan shall‘not be a continuous
motion but shall be performed in discrete steps with the values ofCRMS or peak vpltage
measyred at each point.

NOTE [With the central point being on the beam alignment axis, there are necéssarily an odd number of m¢asured
points dn each line.

B.2.2 | The boundaries of the raster scan shall be large~enough to ensure that the signdl level
at any|part outside the scanned boundary is at least 26 dB below the peak signal. Howeer, for
treatment heads having z,, < 13 cm, the level beyand the limits of the raster scan should be at

least 32 dB below the peak signal.

NOTE |[Initial measurements are usually necessary to\identify the size of the raster scan, and care needs to He taken
to ensufe that local diffraction minima do not lead to spuriously small scan areas.

B.2.3 | The spacing between measurement points (step size) should be small enough sug¢h that
there @re at least 31 measurements across the full width of the raster scan (the raster scpn will
therefpre constitute a square grid_of at least 31 x 31 points). See also B.3.2.

B.2.4 | During the raster scan, the hydrophone may be scanned to a distance from the fentre
of the|ultrasonic beam where no signal is obtained above the noise. To apply a correction to
the infegral of the square of the hydrophone signal to account for the contribution frgm the
noise,[the RMS noise.voltage u, shall be subtracted from the measured signals in the following

manngr. If the hydrophone signal at each measurement point is u;, then the hydrophone|signal

after dorrecting-for the contribution from noise, u, is:

1

u| = uf —us)'’e (B.1)

The noise level shall be determined, as in IEC 62127-1, by moving the hydrophone to a
position sufficiently far from the ultrasonic field that no direct acoustic signal is detected. In
general, this shall be at a distance in the direction perpendicular to the beam alignment axis
equal to at least twice the distance from the beam centre to the limit used for the raster scanning
process.
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B.3 Requirements for analysis of raster scan data

B.3.1 General

The two-dimensional array of data values obtained from the raster scan shall be analysed in
the following way.

B.3.2 Total mean square acoustic pressure

The summation of the squares of the voltages obtained over the raster scan is related to the
total mean square acoustic pressure, pms;, given by:

N 2 2
pmsy = Y u; ﬁMLI (B.2)
i=1

where
N is the total number of points in the scan;

u; is the noise-corrected voltage (either peak or RMS) of thie”i-th point in the scan;
M, is the end-of-cable loaded sensitivity of the hydrophone.

NOTE |The end-of-cable loaded sensitivity of the hydrophone has been introduced for convenig¢nce in
Equation (B.2) to convert the measured voltage to acoustic pressure. However, due to cancellation, whenf pms, is

introdug¢ed into Equation (B.3), its absolute value is not needed.

B.3.3| Calculation of the beam cross-sectional area, Agcg

scan. A second summation shall bexperformed to find the value of » that satisfies the following

The vFues u; are sorted into a set in.descending order (either RMS or temporal peak)|in the
two rejationships:

1 LI
|ML|2 gui 2<0,75 pms; (B.3)
M\ | i=

1 n+1 ‘o
|M |2 Z%ul- >0,75 pms,
M| =

The value of 4gcg is then given by 4 - n, where 4, is the unit area of the raster scan (4, = s2

where s is the distance between successive points in the scan, i.e. the step size). This procedure
provides a value for the beam cross-sectional area in the measurement plane of interest.

For reliable determination of 4g.g, the number of points, #, included in the determination of
Agcs, should be at least 100.
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Annex C
(normative)

Diametrical or line scan measurement and analysis procedures

C.1 General

The determination of the beam cross-sectional area at a specified distance from the treatment
head for the purposes of routine measurements in accordance with Clause 8 may be performed
using diametrical or line scans. The term line scan is used within Annex C. If line scans are
used, |then the procedures and analysis methods specified in Clauses C.2 and C.3 shall be
used.

C.2 [ Requirements for line scans

C.2.1| The central or common point of the four line scans shall lie on)the beam alighment
axis. The relative angle of the scans shall be 45° and the four line scans shall divide the|plane
perpendicular to the beam alignment axis into eight equal areas.

C.2.2 | The scan shall not be a continuous motion but shall consist of a series of discretd steps
perpendicular to the beam alignment axis with the RMS or peak voltage generated py the
hydrojphone being measured at each position.

C.2.3| The boundaries of each full-line scan shall be sufficiently large such that the
hydror)hone signal level at the edge of the line scan, relative to the peak level obtained, shall
be at |least 32 dB below the peak level.

C.2.4| The step size used during the line,sean shall be sufficiently small such that the ling¢ scan
consigts of at least 50 points.

NOTE |[Each of the four line scans can be.of different step size. Here, for ease of analysis, they are assumg¢d to be
identicql.

C.2.5| The noise level shall be determined, and measurements corrected for the influehce of
noise jn accordance with:B.2.4.

C.2.6 | For simplicity,.it is assumed that the four line scans are of identical size, each conﬂaining
N, mdasurementsThis will be true for analysis of raster scan data but not generally tque for

line sgan measurements.

C.3 | Analysis of scans

C.3.1 The individual line scans will be analysed in the following way.

NOTE In the steps described in Clause C.3, the symbols [A] and [B] refer to data arrays and are not references to
publications in the bibliography.

C.3.2 The four line scans shall be further sub-divided into a pair of radial scans (half-line
scans). Each of these half-line scans consists of one-dimensional arrays, [A], of data points
sharing a common point on the beam alignment axis and having (N, — 1)/2 other points.

C.3.3 To calculate the beam cross-sectional area for each of the half-line scans, the one-
dimensional sampling of the acoustic beam profile is transformed into a two-dimensional
description of the beam assuming cylindrical symmetry.
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C.3.4 Forthe measurement point which lies on the beam alignment axis (designated thej = 0
point) the contribution to such an area will be 4, given in centimetres squared, by:

2
AO:": (C.1)

where s is the step size (for diagonal radial scans derived from raster scan measurements the
step size will be sv2).

C.3.5| For all of the other elements of the half-line scan, from j =1 to (N4 — 1)/2, the contrit)ution

to the| scan area will be annuli of thickness s. For the j-th measurement the corresponding
annulys area, Aj, will be given by the expression:

.2
4; =2mn-j-s (C.2)

C.3.6 | To calculate the beam cross-sectional drea, the area of each of the annuli from j = 1
to (N4]— 1)/2 shall be broken down into multiplés of the smallest unit area 4,. By dividing 4;

given jn Equation (C.2) by 4, given in Equation (C.1), it may be seen that the j-th annlilus is
comprjised of n; units of the smaller area,csuch that:

n =8 (C.3)

C.3.7 | Using this expression, the original one-dimensional array representing the ling scan
shall e transformed(info a new one-dimensional array [B], the elements of which are shpwn in
Table|C.1.
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Table C.1 — Constitution of the transformed array [B] used
for the analysis of half-line scans

Voltage squared Number of elements in
Measurement point 5 array [B] of value uj2

Uu.

J
j =0 (point on beam alignment axis) ”02 1
j =1 (first point off-axis) u12 8
j = 2 (second point off-axis) u22 16
j=(N] - 1)/2 (last point in scan) u? 43 1)

(N-1)/2

NOTE| The j-th (j > 0) point in the half-line scan array [A] is represented in the new array, by 8; elements|of the
origingl voltage-squared values. The new array will contain N12 elements.

C.3.8
RMS

In a similar manner to the analysis undertaken using theraster scan data in B.2

contril[)ution of noise. If the hydrophone signal at each{point in the line scan is u;, th

hydro

C.3.9
pmsy, (

hone signal after correcting for the contribution from noise, uj' is:

12
u; = (ujz —unz)

f the half-line scan is required. This is given by:

R

pmsy = 12”0,2 * 12 22: 8ju,?
M| LA =

C.3.1(

JFhe new array [B] is sorted into descending order and a second summation perf|

4, the

noise level u, shall be subtracted from each line-scan data point, to account fpr the

en the

(C.4)

To evaluate the beam cross-sectional area the total mean square acoustic pregsure,

(C.5)

brmed

as described in Equations (B.3), leading to the determination of the value of .

NOTE Performing the sorting process on the original n values will lead to the same result if the correct weighting is

applied

C.3.11 The beam cross-sectional area, 4gg, of the half-line scan is given by Agcg= T

where

during the summation process.

s is the step size.

C.3.12 The analysis shall be completed for all eight half-line scans and the results averaged
to determine the mean value along with the standard deviation.
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In the measurement plane z, the standard deviation ¢ of the distribution of beam cross-
sectional areas for the eight half-line scans shall be determined from:

13 -
o’ =7Z1(Ascs, ~ s (2))] (C.6)
=

where

ABCSj(Z) is the beam cross-sectional area derived from the j-th line scan in the plane at
distance z;

4scs(f)  is the mean value calculated from the eight line scans.
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Annex D
(informative)

Rationale concerning the beam cross-sectional area definition

In physiotherapy, the ultrasonic intensity levels used are relatively high. They are in the range
where adverse biological effects have been observed in addition to those which are intended to
be beneficial. It is therefore important that the operator knows the particular ultrasonic
intensities being delivered by the ultrasonic physiotherapy equipment. In principle, this is
achieved by the ultrasonic physiotherapy equipment having a front-panel indication of
output power and intensity and these indications need to be reliable and accurate.

Since [the most appropriate indication of effective intensity is a spatial average vajue derived
by div|ding the output power by an area, the use of an intensity indication implies the nged for
a welltdefined area. This area is part of a plane located at or close to the treatment|head,
through which almost all of the ultrasound power passes. It is defined in thissdocument jas the
effectjve radiating area.

A treatment head used in ultrasonic physiotherapy equipment ‘contains an ultrgsonic
transducer consisting of a piezoelectric active element which is often mounted on a metal face
plate. |Since this piezoelectric element does not vibrate with the_same amplitude over its|entire
surfacge, it is not sufficient to specify beam area as the geometric area of the piezoglectric
elemept. The actual effective radiating area is determined directly from hydrophone
measyrements (7.4). It also may be estimated by using-eifcular absorbing apertures (8.3.4).

The pgrameter, beam cross-sectional area, as defined in 3.13, is the area determined| using
the hydrophone and represents an intermediate“step in the process of deriving the effpctive
radiating area. The method specified in thissdocument represents the outcome of sfudies,
based|on actual measurements and theoretical calculations, to provide a useful definitign and
a reliable measurement method [1], [3],.[4]>[5], [6], [7].
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Annex E
(informative)

Factor used to convert the beam cross-sectional area (4gcg) at the face of
the treatment head to the effective radiating area (A4gg)

This document requires the effective radiating area, Agg, to be derived from the beam cross-
sectional area close to the face of the treatment head, 4gz-5(0,3 cm). The beam cross-
sectional area, 4g-g(z), is defined as the smallest area contributing 75 % of the total mean
square acoustic pressure.

When|a simplified sound field model with a collimated beam and constant pressure-distripution
over ifs cross-section perpendicular to the sound field axis is used, the definitionsilead|to the
following relation:

AgR = 1,333 4pcs(0) = 1,333 4pcs(2) (E.1)

From the physical point of view, it can be expected that the simplified model is useful for yalues
of ka that are not too small (k£ = 2z/4 is the circular wavenumber; a is the geometrical ragius of
the adtive element of the treatment head). With smallef, values of ka, diffraction effeqts will
cause|the sound beam to spread and consequently the{simplified model will fail.

To obtain a realistic estimate of the conversion¢factor needed (termed F,; in what follows),

numerical simulations were performed using aCeircular piston source, finite size receiers of
radius| 0,25 mm and 0,5 mm, at frequencies*of' 1 MHz, 2 MHz and 3 MHz. For transdudgers of
small effective radii (< 4 mm), and particuldarly at low frequencies, the beam will diverge tp such
an exfent that no realistic estimate of the“effective radiating area may be made. In practice,
because no physiotherapy treatment heads exhibit effective radii smaller than 4 mm, the
calculations have been limited to radii 2 4 mm. In the computer simulations, the ka pfoduct
coverg the range from approximately 16 to 160. The calculations follow exactly the defipitions
mentioned above.

Figurd E.1 (from [3]) shows' the distribution of F,. in the range ka = 40 to ka = 160. The|mean
value talculated is F{; 71,354, which is very close to F,. = 1,333, valid for the simplified [sound
field model.

A study has_been carried out on a large sample of small ka physiotherapy treatment hedds [4]
and h@s defined the approach described in 7.3 for determining the effective radiating| area,
atment

be multiplied by the same F; value (1,354) to derive the 4gg, independent of the ka value of
the treatment head.

The numerical investigations performed in the above studies did confirm agreement, within the
uncertainty achieved, with the value obtained using the simplified sound field model. For the
sample size studied (66 points), the standard deviation of the mean value is approximately 0,09.
The deviation of the mean value (F,. = 1,354) from the value obtained using the simplified
sound field model (F,. = 1,333) was less than this standard deviation. To avoid that, possibly
large, uncertainties need to be taken into account in the determination of the effective radiating
area, it has been agreed to use F,; = 1,333 without the need to consider an uncertainty

contribution for this fixed conversion factor.
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for ka product between 40 and 160
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Annex F
(informative)

Determining acoustic power through radiation force measurements

This document requires the declaration of the rated output power. As stated in 7.2, the

measurement of the output power of the ultrasonic physiotherapy equipment is to be c

arried

out in accordance with IEC 61161, where the use of a radiation force balance is recommended.

Radiation force measuring devices are easy to handle and to calibrate.

The m b iatio orce—deviced re—target Reed be1aFge—ehno
cover Subclause A.5.3 of IEC 61161:2013 gives formul
calculiting the minimum value of the target radius » as a function of the target distance
wavelength and a4, the effective radius of the active element of the treatment-heag

formulae given in IEC 61161:2013 are based on theoretical calculations using-a pisto

gh to

he for

z, the
. The

field

approgch [8]. Table F.1 shows some typical results. The target radius should)be underst¢od as

the ragius of the largest cross-section of the target, and the target distance-as the dista
that cross-section from the treatment head.

ce of

It shollld be noted that the results given apply to a piston field.(It;may be that the treatment

head linder test does not behave like a piston. It is therefore fecommended to also mal
of the|information contained in the measurement results of‘the beam cross-sectional
Agcs(f)- An equivalent radius bg, can be determined from:

beqy(z) = (Apcg(@)m)/2

If 2 b}, is larger than the value of b determined in accordance with IEC 61161 and Tab

then 2 b, is used as the minimum value for the target radius.

Bubblé¢s in water act as scatterers of ultrasonic waves and can lead to errors in measureé
Itis therefore important to use only degassed water in measurements on physiotherapy dg
and always to make sure that (a) no bubbles are present on the transducer and target su
and (b) no bubbles appear during the measurement as a consequence of the deg
potentfial of high-intepsity ultrasound (see IEC 61161, IEC TR 62781 and [1]). The amg
dissolyed oxygen in the degassed water should be < 4 mg/l during all measurements.

Althodgh output® power values are often in the watt range for ultrasonic physioth
equipment.sintorder to cover the full range of output power measurements for compliang
this dgcument, a balance with a sensitivity as low as 15 mW may be required. One probl

e use
area,

(F.1)

eF.1,

ment.
vices,
rfaces
hssing
unt of

erapy
e with

em for

measyrements at higher power ranges may be the stability of the target position duri

ng the

measurement. While an absorbing target is not affected by lateral radiation force components
and a concave reflector is self-centring, a convex reflector may be de-centred by the radiation
force. This effect depends mainly on the magnitude of the ultrasonic output power, on the

target weight and the kind of target suspension (see 5.6 of IEC 61161:2013).
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Table F.1 — Necessary target size, expressed as the minimum target radius b, as a
function of the ultrasonic frequency, f, the effective radius of the treatment head, 4,4,

and the target distance, z, calculated in accordance with A.5.3.1 of IEC 61161:2013

(see [8])

Effective radius of the
treatment head

Ultrasonic frequency

Target distance

Minimum target radius

a, f z b
cm MHz cm cm
0,5 1 0,5 0,77
270 89
4,0 3,54
6,0 5,23
1,5 1 0,5 2,25
2,0 2,25
4,0 2,46
6,0 3,05
0,5 3 0,5 0,75
2,0 1,02
4,0 1,67
6,0 2,36
1,5 3 0,5 2,25
2,0 2,25
4,0 2,25
6,0 2,25
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Annex G
(informative)

Validity of low-power measurements of
the beam cross-sectional area (Agcg)

Measurements of the beam cross-sectional area made using hydrophones require the
treatment head to be operated in continuous wave mode at intensities of 0,5 W cm~2 or less
(see 7.3). Measurements at low powers are required to prevent damaging the
hydrophones used TabIeG1 (from [31) presents the verlflcatron that vaIues of beam

cross
for ph
fluoride
indica

exhibi
plane.

S|otherapy treatments Table G.1 |IIustrates measurements made using a polyvm
(PVDF) membrane hydrophone of the differential output type for various p

ed by the physiotherapy unit used. The treatment heads were both 1,5 MHz trans

of diameter 2,8 cm; A operated normally whilst B was characterized as a "hot §pot" trans

ing a large axial peak at 2,9 cm. The measurements for transducer B were made

Table G.1 — Variation of the beam cross-sectional area 4g¢cg(z)
with the indicated output power from two transducers

Indicated power Transducer A? Transducer B "
Agcs(?) Apcs(2)
w cm? cm?
1,25 3,54 2,99
5,00 3,50 2,92
7,50 3,52 2,80
10,0 3,48 2,79
12,5 3,51 2,80
15,0 3,49 2,87
2 1,5 MHz; diametér 2,8 cm; Agcs determined at 4,0 cm.
b 1,5 MHz; diameter 2,8 cm; Agcg determined at 2,9 cm, the distance of the
maximum"RMS acoustic pressure for this "hot spot" transducer.

The rgsults presented in Table G.1 show that the variation of Agcg(z) with power is sm
more fhan a few/ per cent.

This i
some

wariance of the beam cross-sectional area with output power may not be v3

probe

lidene
owers
jucers
ducer
in this

all, no

lid for

anticipated that such cases will be rare

1 it is
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Annex H
(informative)

Influence of hydrophone effective diameter

Most hydrophones currently available commercially have active elements of diameter in the
range 0,2 mm to 1,0 mm. At megahertz frequencies the accuracy of ultrasonic field
measurements may be compromised by spatial averaging of the acoustic pressure over the
active element. IEC 62127-1 provides the following criterion for the maximum permissible
hydrophone radius, a,,,4, Which may be used in any measurement situation:

5 1/2
A z
Amax :_[1'*‘_] (H.1)

A is|the acoustic wavelength;
z is|the distance from the treatment head to the measuremeént plane;
aq is|the effective radius of the active element of the treatment head.

The pfocedures specified in this document to accuratety'determine the effective radiating area
of a tieatment head require measurements close.to the face of the treatment head apd will
result| in the frequent violation of this criterion. Equation (H.1) relates strictly fo the
measyrement of peak pressures and is of relevance for reliably determining the beam non-
unifolmity ratio Rgy. Due to the greater aceuracy required of measurements of the effpctive

radiating area, it is important to establishithe effect of violation on measurements of Agc5(2)
and Agg.

MeasdUrements made on a 3 MHz treatment head of diameter 2,4 cm using vjarious
hydrophones of different active element radius are presented in Table H.1. Measurements
were fnade using ceramic hydrophones of active diameter 0,6 mm and 1,0 mm, and a|4 mm
diameter PVDF hydrophone of the membrane type (the latter was used because a cg¢ramic
hydrophone with 4 mm ‘active element was not available). For measurements at z = 1,0 cm,
according to Equation (H.1), these hydrophones are strictly too large by factors of 4, 6|5 and
26, respectively. The results displayed in Table H.1 indicate agreement between measurgments
of 4gds(z) between 1 % and 3 %.

With gqurréently utilized physiotherapy treatment head frequencies and diameters, thg most
stringentdest of IEC 62127-1 criterion is for measurements close (z = 1,0 cm) to large diameter,
3 MHz treatment heads. Even in this case, violation will be by no more than a factor of six to
seven for a 1 mm active element diameter hydrophone.

Table H.1 also presents values of the ratio of the peak pressure squared to the average
pressure squared over the beam cross-sectional area in the plane at distance z, where z varies
from 1,0 cm to 8,0 cm (this ratio is denoted by R in Table H.1), which indicates that even in the
presence of strong violation for measurements using the 4 mm diameter hydrophone,
differences are no more than 20 %. These results can be directly related to the choice of the
diameter of the active element of the hydrophone for the purposes of determining Rgy:.
However, these findings should be treated with some caution. Certain treatment heads exhibit
"hot spots" characterized by beam widths (-6 dB) of the main peak as small as 2 mm to 3 mm.
Use of a hydrophone as large as 4 mm would underestimate the true value of the Rgy.
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Due to the concern over Rgy measurement accuracy, the criterion used in 6.2 will allow valid

measurements of the beam cross-sectional area to be made with a 1,0 mm hydrophone on
currently available ultrasonic physiotherapy equipment operating up to 3 MHz. For
ultrasonic physiotherapy equipment operating above 3 MHz, a hydrophone of diameter less
than 0,6 mm is specified. These hydrophones will, in most practical circumstances, allow
measurements of effective radiating area and beam non-uniformity ratio to be made reliably.

Table H.1 — Comparison of measurements of the beam cross-sectional
area Agcg(z) made using hydrophones of geometrical active element

radii 0,3 mm, 0,5 mm and 2,0 mm

Hfdrophone Measurement Treatment head-hydrophone separation, z
mm cm
1,0 2,0 4,0 8,
A Ages(2) 2,00 1,97 2,01 2,97
ceramic
a.=0,3 cm?
g
R2 1,55 1,57 1,68 2,99
C Ages(2) 1,93 1,96 1,99 2,08
ceramic
a.=0,5 cm?
g
R2 1,68 1069 1,60 2,46
PVDF Agcs(2) 2,01 2,00 2,02 2,10
bilaminar
membrane cm?
ag = 2
R2 1,95 1,91 2,04 2,33
NOTE| Measurements were made on a 3 MHz treatment head at four distances.
a2 THe R values have been derived using the*averaged p? value evaluated in the specified measurement glane.
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Annex |
(informative)

Effective radiating area measurements using
a radiation force balance and absorbing apertures

1.1 General

This Annex | prowdes details of a method for determmmg the effective radlatlng area (AER) of

methold could be applied as a simple method of "in-service" checking of the effective radliating
area. The method described in this Annex | is not intended as a replacement fof thé procgdures

The cpncept behind the aperture method is illustrated schematically in Figure 1.1, where an
absorbing aperture is shown interposed between the treatment head and the target |of the
radiation force balance, which in this case is of the conveX(conical reflecting type (an absprbing
target|could also be used). The apertures are circular holes cut within an acoustically absprbing
material, which, when placed in front of a treatment.head, allow the effective radiating sjurface
of the [treatment head to be selectively reduced.¢khe resulting reduction in power is medsured
using the radiation force balance. By masking off areas of the ultrasound beam using afrange
of apdrtures, the spatial distribution of the transmitted power can be sampled. The aim|of the
measyrements, in combination with the data‘\analysis presented in Clause 1.5, is to compuyte the
area through which the majority of powetlds transmitted, thus deriving a value for the effpctive
radiating area or Agr. In the remainder of this Annex |, the term "aperture” will be used to

repregent the mask and the circular hole cut therein.
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It is imppartant that any material used to fabricate the apertures minimally perturbs the g

powe

IEC

fment head
br surface
ture mask (1.3.2)

htion force balance target

Figure |.1 portrays a "vertical" arrangement of radiation_force balance with a reflecting target, g
ve arrangements can also be used (IEC 61161).

Figure 1.1 — Schematic representation’of aperture measurement set-up
Requirements for the aperture method

Radiation force balance

from the geometrical considerations of the need to be able to interpose the absorbe
g the aperture between the treatment head and the radiation force balance targ

Apertures

Acoustic properties of aperture material

denerated by the treatment head under test. Its acoustic properties should be su

Ithough

[ layer
pt, the

pect of the radiation‘force balance relating to its performance in measuring effective
radiating area lies in itssreproducibility and resolution, which should ideally be £0,01 W,

utput
h that

— the reflection loss of ultrasound from the surface of the apertures is less than =30 dB, and

— the transmission loss of ultrasound through the material is greater than 25 dB.

Both of these properties refer to the particular frequency of operation of the treatment head.

The aperture mask materials may be made from single or multi-layers and can be manufactured
from absorbing rubbers.

Compliance can be checked using techniques similar to those described in 6.2.
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1.3.2.2 Aperture diameter

Nominal aperture diameters in the range 0,4 cm to 3,0 cm allow measurements of effective
radiating area to be made on the majority of commercially available physiotherapy treatment
heads. The actual diameters should be uniformly cylindrical, and known to £0,01 cm.

1.3.2.3 Lateral extent of aperture mask material

It is important that, apart from the power transmitted through the circular aperture, all other
power is absorbed within the mask material, so that unwanted power does not impinge on the
radiation force balance target. The width of the aperture in the plane parallel to the treatment
head should be greater than or equal to 4,5 cm. The aperture mask can be held with a holder
appropriate for use with the particular radiation force balance, although it is important,that no
acoustically reflecting components are positioned within the ultrasonic field.

1.4 Measurement procedure for determining the effective radiating area

1.4.1 |Power measurements made using the radiation force balance_@re’ carried out [in the
usual way, by switching the drive to the treatment head ON and OFE‘\in a predefined mjanner
(see IEC 61161).

1.4.2 |For each of the individual aperture measurements, the“output of the physiotherapy
treatment head device under test is reset to a nominally identical power value, to ensure that
it is operating under nominally identical conditions.

1.4.3 |A power setting of 5 W is recommended for\large treatment heads (effective digmeter
greatdr than 2,0 cm) as this represents a compromise between measurement sensitivify and
restricting the extent of heating of any aperturemask material, which may be important.

NOTE [The effective diameter is equal to twice thereffective radius of the treatment head radius, a,. The dffective

radius fan be derived from the manufacturer'ssvvalue of the effective radiating area, using the expgression
a,; = (AER/n)VZ. If the 4 is not available, thep~the nominal effective radiating area (4., ) can be used to derive a

value fqr a,.

1.4.4 |For small treatment héads (effective diameters less than 1,5 cm), the maximum [power
outpuf should be used, and this may typically lie in the range 0,9 W to 1,8 W. In addit|on, to
restrigt the irradiation time\used, the switch ON time shall be limited to 5 s for each aperjure to
minim|ze any heating-of the aperture surface.

1.4.5 |In setting.up; the treatment head shall be positioned as close to the aperture surface as
possiljle but not*touching — separations in the range 0,2 cm to 0,4 cm are acceptable¢. The
surface of the treatment head and the front face of the aperture should be as parallel as
possiljle.

1.4.6 It is important that the axis of symmetry of the reflecting target (if used) and the aperture
axis are co-axial. The sensitivity of the results obtained using the aperture technique to
alignment has been assessed [11], and it is sufficient to align the system by eye. The treatment
head is then positioned centrally over the aperture, again purely by eye, such that the acoustic
axis of the beam is assumed to be nominally coincident with that of the aperture and target. No
re-positioning of the treatment head in the plane of the aperture is carried out for subsequent
apertures.

NOTE 1 In order to aid alignment of the aperture below the surface of the treatment head, alignment cross-hairs
can be marked on the surfaces of the aperture mask.

NOTE 2 Alignment of the target relative to the aperture is expected to be less critical for radiation force balances
which employ an absorbing target.
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NOTE 3 The co-axiality of the aperture and treatment head assumes that the spatial distribution of the intensity
within the ultrasonic beam is broadly symmetrical and centred on the geometrical axis of the transducer. In situations
where crystal damage has occurred, this is unlikely to be the case and scanning the treatment head in the plane of
a small diameter aperture (0,4 cm to 0,6 cm) will provide some guidance on how the power is distributed.

1.4.7 As in the case of power measurements, care should be taken to ensure there are no
bubbles in the intervening path or on the surfaces of the aperture masks. These can normally
be wiped clear using a paint-brush.

NOTE It can be found that small bubbles adhere to parts of the aperture. If these are generally positioned well away
from the acoustic beam, they are unlikely to influence the transmitted power. Pre-soaking of the apertures in water
containing a small amount of detergent can also reduce this effect.

1.4.8 ;
carried out and an average power taken in order to improve the statistics. Using the
irradigtion time identified in 1.4.4, this process should take around 30 s to 40 s in tgtal

1.4.9 |In-between the aperture measurements, and certainly at the beginning, and end [of the
run, a|jnumber of checks of the "free" or "unapertured™ power should be made-with no agerture
in plage.

1.4.10| A set of aperture measurements will typically comprise \the results of around 12
apertures, along with three or four "unapertured" power measurements.

1.4.11| For small treatment heads whose effective diametenis less than 1,5 cm, these| could
typically cover aperture diameters in the range 0,4 cm to4,8 cm.

.4.12| For larger treatment heads whose effective diameter is greater than 2,0 cm,|these
could typically cover aperture diameters in the range 0,6 cm to 3,0 cm.

1.4.13| In either case, a reasonably even distribution of aperture sizes should be used.

NOTE [With care in the experimental techniquejyivalues of power produced by a particular aperture are expécted to
be reprpducible to within £3 % to +4 %.

1.4.14] In some situations, a "blank" aperture (essentially a layer of the mask material with no
hole pgresent, so it represent§ a continuous piece of absorber) might be useful. When [this is
placed in front of the treatment head, the power balance should read zero. If it does nof, then
there [may be other signals affecting the balance reading (for example, radio-frequency
electrical signals emitted'by the transducer).

1.5 Analysis_of raw data to derive the effective radiating area

1.5.1 |This Clause 1.5 provides a step-by-step breakdown of the data analysis procedure, taking
a typidal set of raw data. These have been derived from measurements made on a commgfrcially
availaﬂe—lﬂvrﬁz_WWameer,cm,vwmta_ﬁ been
acquired using nominal aperture diameters in the range 0,8 cm to 3,0 cm, using the method

described in [9]. Table I.1 represents the raw data derived from a typical measurement run,
showing transmitted power as a function of aperture diameter.
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Table 1.1 — Aperture measurement check sheet

Date: **/**/** Operator: **
Treatment head: *****.*** *** Serial number; ********
Drive unit setting: 5,4 W Frequency: 1 MHz
Radiation force balance readings
Aperture diameter
om (W)
OFF 1 ON 1 OFF 2 ON 2 Mean reading
No aperture 0,00 4,98 0,02 4,97 4,965
2.0 0.00 3.92 0.04 4.00 3.9
2,4 0,00 4,59 0,02 4,64 4,593
3,0 0,00 4,76 0,01 4,80 4,787
No aperture 0,00 4,88 0,01 4,90 4.8
2,6 0,00 4,70 0,03 4,74 4,693
2,0 0,00 3,96 0,02 3,92 3,933
2,1 0,00 4,26 0,01 4,34 4,2
2,2 0,00 4,52 0,02 4749 4,497
1,6 0,00 3,07 0,00 3,12 3,087
No aperture 0,00 4,97 0,00 4,99 4,9
1,8 0,00 3,47 0,01 3,54 3,487
1,5 0,00 2,65 0{01 2,72 2,653
1,3 0,00 1,93 0,00 1,95 1,937
0,8 0,00 0,89 0,01 0,83 0,8
2,4 0,00 4,64 0,01 4,66 4,64
No aperture 0,00 4,87 0,01 4,94 4,887
2,0 0,00 4,00 0,01 4,02 4,0
1,8 0,00 349 0,00 3,52 3,5
2,1 0,00 4,16 0,00 4,17 4,163
2,2 0,00 4,55 0,01 4,58 4,553
1,6 0,00 3,13 0,02 3,10 3,107
2,6 0,00 4,75 0,01 4,72 4,733
3,0 0,00 4,86 0,00 4,80 4,84
No aperture 0,00 5,01 0,03 4,99 4,9
The dpta have been derived by switching the treatment head ON and OFF in the sequence
indicajed, the 'mean reading being calculated from:
[(ON1 - OFF1) + (ON1 - OFF2) + (ON2 - OFF2)]/3.

NOTE The data set has been derived using eleven apertures. Repeats have been carried out on several apertures
to check on the reproducibility of the measurements. The "no aperture" power measurement has been repeated five
times to improve statistics.

1.5.2 The data listed in Table I.1 are used to produce a graph, shown in Figure |.2. This
demonstrates the expected variation in power as a function of aperture diameter.
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Figure 1.2 — Measured power as a function“of aperture diameter for commercially
available 1 MHz physiotherapy treatment heads

To detive a value for effective radiating area, further data manipulation is required: the reason
for thig lies in the spatial distribution of.ultrasound in the field produced by the physiotherapy
treatment head, and in the fact that the effective radiating area is itself defined|via a
seconfary parameter, the beam ‘cross-sectional area (4gcg), Which describes the minimum

area through which the majority~of'the ultrasonic power is distributed. The raw data are agtually
analyged and "sorted" in a manner analogous to that described in Annex B. This procedure is
descriped below in a step-by-step format.

1.5.3 |From the raw‘data (power as a function of aperture diameter), the nominal agerture
diameters are converted to areas.

1.5.4 |Considering the 0,8 cm diameter aperture, it transmits a power of 0,86 W (see Table 1.1).
By indreasing the aperture size to 1,3 cm, the transmitted power is 1,94 W, and so the |power
differgncé/of 1,08 W is assumed to be distributed evenly over an area equal to the apnulus
forme%mmWwer
contribution relative to the 1,3 cm aperture (0,72 W), a representation of the power distribution

may be built up. This is done for all adjacent aperture pairs and the data obtained is illustrated
in Table I.2.

NOTE For the 0,8 cm diameter aperture, the power is clearly distributed over a circle of radius 0,4 cm, and not an
annulus.
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Table 1.2 — Annular power contributions

1.5.5

Aperture pair Power contribution
W
0to0 0,8 0,86
0,8t0 1,3 1,08
1,3t0 1,5 0,72
1,5t0 1,6 0,44
1,6 to 1,8 0,40
2,0 to 2,1 0,26
2,110 2,2 0,27
2,2t02,4 0,12
2,410 2,6 0,097
2,6 to 3,0 0,091

The power contributions from each annulus are converted into intensity contributio
dividirlg the power contained in a particular annulus by the area‘ef that annulus. This prg

ns, by
duces

a datqd set of intensity contributions from each pair of suceessive apertures and is shown in

Table|.3.

Table 1.3 — Annular intensity contributions

Apprture pair Area of larger Annulus;area Power Intensity
aperture contribution contributipn

cm? cm? w W cm™2
0 to 0,8 0,503 0,503 0,86 1,71
3,80 1,3 1,327 0,825 1,08 1,31
,3to 1,5 1,767 0,440 0,72 1,64
,5t0 1,6 2,014 0,243 0,44 1,81
,6t0 1,8 2,645 0,534 0,40 0,75
,8t0 2,0 3,142 0,597 0,47 0,79
2,0to 2,1 3,464 0,322 0,26 0,81
2,1t02,2 3,801 0,338 0,27 0,80
2,2 to 2% 4,524 0,723 0,12 0,17
2,4¢0 276 5,309 0,785 0,097 0,12
2,610 3,0 7,009 709 0,091 0,05

1.5.6 The intensity contributions are then sorted in descending order, ensuring that the
association is kept of the annulus area (aperture pair) that produced each contribution. This is

shown in Table 1.4.
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Table 1.4 — Annular intensity contributions, sorted in descending order

Aperture pair Intensity contribution Annulus area

W cm™2 cm?
1,5t0 1,6 1,81 0,243
0t0 0,8 1,71 0,503
1,3t0 1,5 1,64 0,44
0,8to 1,3 1,31 0,825
2,0to 2,1 0,81 0,322
2,10 22 0.8 0,338
1,8 to 2,0 0,79 0,597
1,6 to 1,8 0,75 0,534
2,2t02,4 0,17 0,723
2,410 2,6 0,12 0,785
2,6 to 3,0 0,05 1,759

NOTE |From this data set, it is clear that most of the intensity lies centred about the acoustic beam axis Hetween
aperturgs 0 and 1,6 cm.

1.5.7 |Each intensity value is converted back to a power value by multiplying Qy the
corresponding annular area. This produces a data set of power contributions and annular preas,
which|have actually been sorted in order of descending intensity. This is shown in Table|l.5.

Table 1.5 — Annular power contributions, sorted in descending
order of intensity contribution

Aperture pair Intensity Annulus area Power
contribution contribution

Wiem™2 cm? w
1,5t0 1,6 1,81 0,243 0,44
0to0 0,8 1,71 0,503 0,86
1,3 to 1,5 1,64 0,44 0,72
0,8 to~143 1,31 0,825 1,08
2,00t0-2,1 0,81 0,322 0,26
271 t0 2,2 0,8 0,338 0,27
1,8t0 2,0 0,79 0,597 0,47
1,6 to 1,8 0,75 0,534 0,40
2,4t02,6 0,12 0,785 0,09
2,6 to 3,0 0,05 1,759 0,09

1.5.8 A running sum is then produced of cumulative power against cumulative area, by
summing the values down the table (the cumulative power total should be equal to the power
transmitted through the largest aperture). This is shown in Table 1.6.
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Table 1.6 — Cumulative sum of annular power contributions,

previously sorted in descending order of intensity contribution,
and the cumulative sum of their respective annular areas

Intensity Annulus area Power Cumulative area Cumulative power
contribution contribution

W cm™2 cm? w cm? w
1,81 0,243 0,44 0,24 0,44
1,71 0,503 0,86 0,75 1,30
1,64 0,44 0,72 1,19 2,02
.31 0,825 T,08 Z,071 3,10
0,81 0,322 0,26 2,33 3,36
0,8 0,338 0,27 2,67 3,63
0,79 0,597 0,47 3,27 4,11
0,75 0,534 0,40 3,80 4,51
0,17 0,723 0,12 4,53 4,63
0,12 0,785 0,09 5,31 4,72
0,05 1,759 0,09 7,07 4,81

1.5.9 |A figure should then be plotted, of cumulative power as a function of cumulative area, as
in Figyre 1.3. From the value of power measured for the\"unapertured" case (4,89 W), calculate
the 75 % transmitted power (3,67 W), and read off the{cumulative area at this power levgl. The
cumulptive area value is finally divided by 0,75 to, derive an estimate of the effective radiating
area qgf the treatment head.
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Figure 1.3 — Cumulative sum:6f-annular power contributions,

previously sorted in descending order of intensity contributions,
plotted against the cumulative sum of their respective annular areas

NOTE |[The treatment head analysed in this.case has an effective radiating area of 3,5 cm?, given by the quotient
of 2,65 cm? to 0,75.

1.6 Implementation of the aperture technique

It is gnvisaged that the“aperture method will be applied in a number of different ways, for
example:

— as|a meansyof acceptance testing prior to a treatment head being placed into glinical
sefvice,a-full characterization could be carried out using many apertures (> 12). This|would
then produce a reference curve for that treatment head,;

— asla'means of routine evaluation, on an annual basis, using only two or three apertdres to
compare with the reference curve;

— as a means of verifying continual reliable performance, if a treatment head has been
dropped or damaged: again, this could be done using a limited number of apertures,
followed by more extensive tests if differences are noted.
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1.7 Relationship of results to reference testing method

Bibliographic reference [9] represents a comparison of the aperture method with hydrophone
measurements carried out using the test procedures given in Clause 7 for seventeen treatment
heads commonly used in clinical practice. Although differences for some treatment heads were
noticed of up to +20 %, the typical level of agreement was +11 %. Reference [11] contains
details of measurements made using the apertures with implementations of a radiation force
balance which utilizes absorbing and reflecting targets.

NOTE In general, the aperture technique gives best agreement (typically +11 %) with results for the 4. determined

through hydrophone scanning for large ka transducers (ka > 50). For transducers with ka < 30, the agreement with
the reference-technique-is—typicaty+209
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Annex J
(informative)

Guidance on uncertainty determination

To be truly meaningful, the result of a measurement needs to be accompanied by its associated
uncertainty. In evaluating and expressing the uncertainty in the measurement, the guidance

provid

ed by [12] should be followed.

In general, uncertainty components are grouped in accordance with how the values are

estimgtesd-

— Type A: evaluated by statistical means.

— Type B: evaluated by other means.

The fgllowing is a list of common sources of uncertainty in the measurement of ultrgsonic

physiptherapy equipment that may be evaluated on a Type B basis. Thelist is not exhdustive

but may be used as a guide when assessing uncertainties for a particularimeasurement gystem

or method. Depending on the parameter under consideration, the-measurement systepm and

method chosen and its implementation, some (though possibly ,aot-all) of these sources will

need assessing. For example, the errors from measuring instruments may be minimized py the

use ofl the same measuring channel (amplifier, filter, voltmeter,*etc.) for all signals. Hoyever,

since this may not be the case in all implementations, components for these sources of error

have een included in the list.

Sources of uncertainty applicable to hydrophone measurements in general:

e intprference from acoustic reflections, leading to a lack of free-field conditions;

e lagk of acoustic far-field conditions;

e spatial averaging effects of the hydrophones used due to their finite size and the lack of
peffect plane-wave conditions;

e mipalignment, particularly at higher frequencies where the hydrophone response njay be
far from omnidirectional;

e acpustic scattering from-‘the hydrophone mount (or vibrations picked up and conducfed by
the mount);

e erfors in measurément of the received voltage (including the accuracy of the meafsuring
ingtrumentation‘< voltmeter, digitizers, etc.);

e ingccuracy-efithe gains of any amplifiers, filters and digitizers used;

e eriors insthe measurement of the drive current or voltage;

. prated

e inaccuracy of any electrical signal attenuators used;

e electrical noise including RF pick-up;

);

e inaccuracy of any electrical loading corrections made to account for loading by extension
cables and preamplifiers;

e bubbles or air clinging to transducers (this should be minimized by adequate wetting and
soaking of transducers);

e errors in the values for acoustic frequency.
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Sources of uncertainty specific to determination of effective radiating area and total mean

square acoustic pressure:

e errors in the measurement of the separation distance;

e spatial resolution of the beam scans carried out (local structure which may be
undersampled).

More details about uncertainty calculation of effective radiating area, total mean square
acoustic pressure and beam non-uniformity ratio can be found in [13] and [14].



https://iecnorm.com/api/?name=e0879c461baacddcbcfb457025913ec5

- 62— IEC 61689:2022 © IEC 2022

Annex K
(informative)

Examples of pulse duration and pulse repetition
period of amplitude modulated waves

In Figure K.1, Figure K.2, Figure K.3, Figure K.4 and Figure K.5, the pulse duration and the
pulse repetition period (prp) are illustrated for five simple modulation waveforms, shown as
solid lines in each figure. For simplicity, the acoustic pulse waveforms are not shown in the
figures. The modulatlon waveforms are considered to be represented by voltages U(t) within
this Apne —
dashep reference I|ne WhICh has value U

duration (3.33).

ref- The tlme between these two dots defmes the pulse

In the| first three examples, the minimum value of the modulation waveform is zer¢g. The
referepce value (U,¢) (see Note 1 to entry in 3.33) is equal to 10 % of the' maximum value of

the modulation waveform (U,o; = 0,1 * Uy 4y)-
prp
Umax -------- AN/
Ukef -4 - - - -

IEC

IEC

Figure K.2.=Example 2: Half-wave modulation with no filtering of the AC mains vdltage

prp
IEC

Figure K.3 — Example 3: Full-wave modulation with no filtering of the AC mains voltage
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In the next two examples, the minimum value of the modulation waveform is greater than zero.
The reference value (U,) is equal to the sum of the minimum value of the modulation
waveform and 10 % of the difference between the maximum and minimum value of the
modulation waveform [U,¢s = Upin + 0,1 (Uax = Unin)l-

max_/_,\\ / N\ /N I/\\
L - \ [\ \
ref, 1 Uniny = = = \ ‘ \ / \
/ ! = \ ’ \
I ! I \ I \ / \
4 \ / \ / \ / t
0= = ‘____J | I | L____I - ——

IEC

Figyre K.4 — Example 4: Half-wave modulation with filtering of the AC mains voltage;
filtering insufficient to define the wave as continuous wave (3.17)

IEC

Figure K.5 — Example 5: Full-wave modulation with filtering of the AC mains voltage;
filtering insufficient-to define the wave as continuous wave (3.17)

In Examples 2 and 4 the pulse repetition rate (prr = 1/prp) is equal to the mains frequenfcy; for
examgple, prr = 50 Hz orprr = 60 Hz. In Examples 3 and 5 the pulse repetition rate (prr =(1/prp)
is equpl to twice the mains frequency; for example, prr = 100 Hz or prr = 120 Hz.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ULTRASONS - SYSTEMES DE PHYSIOTHERAPIE -
SPECIFICATIONS DES CHAMPS ET METHODES DE MESURE
DANS LA PLAGE DE FREQUENCES DE 0,5 MHz A 5 MHz

AVANT-PROPOS

1) La Gommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation.cofnposée
de lensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a_pour dbjet de
favdriser la coopération internationale pour toutes les questions de normalisation dans leS/domalnes de
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normé€s internat|onales,
des|Spécifications techniques, des Rapports techniques, des Spécifications accessibles au'public (PAS) et des
Guigles (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a deg-camités d'études, aux
travhux desquels tout Comité national intéressé par le sujet traité peut participer. Les organ|sations
inte[nationales, gouvernementales et non gouvernementales, en liaison avec I'lEC{participent également aux
travpux. L'IEC collabore étroitement avec |'Organisation Internationale de Nofmatisation (ISO), selon des
conglitions fixées par accord entre les deux organisations.

2) Les|décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mejsure du
possible, un accord international sur les sujets étudiés, étant donné que les’Comités nationaux de I'l[EC intgressés
son{ représentés dans chaque comité d’études.

3) Les|Publications de I'lEC se présentent sous la forme de recommandations internationales et sont @gréées
conmme telles par les Comités nationaux de I'lEC. Tous les effofts raisonnables sont entrepris afin qye I'lEC
s'asjsure de I'exactitude du contenu technique de ses publications) I'lEC ne peut pas étre tenue respongable de
I'événtuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Danfs le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans foute la
megure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications nationales
et rggionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationfles ou
régipnales correspondantes doivent étre indiquées®en termes clairs dans ces dernieres.

5) L’IEC elle-méme ne fournit aucune attestation~de conformité. Des organismes de certification indépgndants
fourpissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mardues de
conformité de I'lEC. L’IEC n'est responsable~d'aucun des services effectués par les organismes de cert|fication
indgpendants.

=]

6) Toup les utilisateurs doivent s'assurer'qu'ils sont en possession de la derniére édition de cette publicatign.

7) Aucline responsabilité ne doit étfe imputée a I'l[EC, a ses administrateurs, employés, auxiliaires ou mandataires,
y cdmpris ses experts particuliers’et les membres de ses comités d'études et des Comités nationaux de I'lEC,
pouf tout préjudice causé ehvcds de dommages corporels et matériels, ou de tout autre dommage de quelque
natyre que ce soit, directe-ou‘indirecte, ou pour supporter les colts (y compris les frais de justice) et les dg§penses
décpulant de la publication/ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'lEC,
ou du crédit qui lui estsaccordé.

8) L'atfention est attirée sur les références normatives citées dans cette publication. L'utilisation de publ|cations
référencées est.obligatoire pour une application correcte de la présente publication.

9) L’atiention«estattirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent fairg I'objet
de diroits| de*brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dfoits de
breyets.

L'IEC 61689 a été établie par le comité d’études 87 de I'lEC: Ultrasons. Il s'agit d'une Norme
internationale.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2013. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente.
a) L’exigence relative a la teneur en oxygene de I'’eau est spécifiée en 6.1.

b) Les anciennes recommandations spécifiées en 6.2 ont été modifiées pour constituer des
exigences.

c) Plusieurs définitions de I'Article 3 ont été actualisées conformément a d’autres documents
qui relevent du CE 87.
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d) L’ancienne Annexe A informative a été modifiée en annexe normative, et contient désormais
des informations détaillées sur la méthode selon laquelle la conformité aux exigences de
I'IEC 60601-2-5 est vérifiée.

e) L’Annexe D a été raccourcie de maniére importante et la référence a un document
réglementaire désormais supprimé a été retirée.

Le texte de cette Norme internationale est issu des documents suivants:
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87/784/FDIS 87/789/RVD

Le rap
abouti

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

Le pr§
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INTRODUCTION

Les ultrasons aux fréquences de quelques mégahertz sont largement utilisés en médecine
pour les besoins de la physiothérapie. Ces appareils comportent un générateur de courant
électrique a haute fréquence et généralement un transducteur tenu a la main, souvent appelé
applicateur. Ce transducteur se compose d’un transducteur, généralement un disque en
matériau piézoélectrique, qui convertit I’énergie électrique en ultrasons et est souvent congu
pour étre en contact avec le corps humain.
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ULTRASONS - SYSTEMES DE PHYSIOTHERAPIE -
SPECIFICATIONS DES CHAMPS ET METHODES DE MESURE
DANS LA PLAGE DE FREQUENCES DE 0,5 MHz A 5 MHz

1 Domaine d’application

Le présent document est applicable aux appareils a ultrasons, congus pour la physiothérapie,
qui comprenner . i Tissant-des 3 rde-entrs
ou quasi entretenue ( ons) dans la plage de fréquences de-0,

Crt . v O Ot Ot € . O a oG

Le prgsent document spécifie:
e leg méthodes de mesure et la caractérisation de la sortie des appareils a ultrasong pour
phlysiothérapie, qui reposent sur des méthodes d’essai de référence;

e leg caractéristiques a spécifier par les fabricants des\‘@appareils a ultrasons| pour
phlysiothérapie qui reposent sur des méthodes d’essai de référence;

e leg méthodes de mesure et la caractérisation, de-la sortie des appareils a ultrasong pour
phlysiothérapie, qui reposent sur des méthodes d’essai individuel de série;

o leq critéres d’aptitude relatifs aux aspec¢ts de la sortie des appareils a ultrasons pour
phlysiothérapie, qui reposent sur des méthodes d’essai individuel de série.

La v4gleur thérapeutique et les modes d’utilisation des appareils a ultrasons| pour

Les appareils a ultrasons pour physiothérapie qui utilisent des ultrasons dont la pl3age de
fréqugnces est comprise entre 20 kHz et 500 kHz sont couverts par I'l[EC 63009.

2 Reférences normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou|partie
de leyr contenu, des exigences du présent document. Pour les références datées,|seule
I’éditign citée s’applique. Pour les références non datées, la derniére édition du documgnt de
référence.s'applique (y compris les éventuels amendements).

IEC 60601-1, Appareils électromédicaux — Partie 1. Exigences générales pour la sécurité de
base et les performances essentielles

IEC 60601-2-5, Appareils électromédicaux — Partie 2-5: Exigences particuliéres pour la sécurité
de base et les performances essentielles des appareils a ultrasons pour physiothérapie

IEC 61161, Ultrasons — Mesurage de puissance — Balances de forces de rayonnement et
exigences de fonctionnement

IEC 62127-1, Ultrasons — Hydrophones — Partie 1: Mesurage et caractérisation des champs
ultrasoniques médicaux jusqu’a 40 MHz
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3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC 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

puissance de sortie assignée maximale absolue
somme de la puissance de sortie assignée, de l'incertitude globale pour une confiance'a 95 %
dans |p puissance de sortie assignée et de tout accroissement maximal de la ptissarnce de
sortielassignée pour une variation de +10 % de la tension assignée du réseau

Note 1 p I'article: 1l convient de vérifier la possibilité de variation de la puissance de sortie l@ssignée issue d’'une
variation de £10 % de la tension assignée du réseau a I'aide d’un transformateur de sortie“variable entre la|tension
d'alimentation du réseau et I'appareil a ultrasons pour physiothérapie. Voir~[*Article A.2 pour plus de
recomnjandations.

Note 2 f I'article: La puissance de sortie assignée maximale absolue est exprimée en watts (W).

3.2
coefficient de régression linéaire

0

quotient du gradient de régression linéaire, m, et\de la surface de la section drojte du
faiscgau a 0,3 cm de la face du transducteur, 4555(0,3 cm)

Note 1 b l'article: Le coefficient de régression linéaire‘est exprimé en unités de un par métre (m1).

3.3
gradient de régression linéaire
m
quotient de la différence de la surface de la section droite du faisceau a la valgur z,,

Agcs(4y), sur la surface de lassection droite du faisceau a 0,3 cm de la face du transdulcteur,
Agcs(P,3 cm), divisé par la difference des distances respectives

I scs(2v) — 4pcs (0.3 cm)
zy —0,3cm

(1)

ou

Agcg estla surface de la section droite du faisceau;

Zy est la distance entre la face du transducteur et la derniere valeur maximale de la
pression acoustique efficace de 'axe d’alignement du faisceau

Note 1 a I'article: Le gradient de régression linéaire est exprimé en metres (m).

[SOURCE: IEC 61689:2013, 3.3, modifié¢ — Le programme de calcul du gradient a été ajouté a
la définition, et la formule a été ajoutée.]

3.4

taux de non-conformité du faisceau maximal absolu

taux de non-conformité du faisceau plus I'incertitude globale pour une confiance a 95 % dans
le taux de non-conformité du faisceau
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3.5

intensité efficace maximale absolue

valeur de l'intensité efficace qui correspond a la puissance de sortie assignée maximale
absolue et a la surface émettrice efficace minimale absolue de 'appareil

3.6

surface émettrice efficace minimale absolue

surface émettrice efficace moins I'incertitude globale pour une confiance a 95 % dans la
surface émettrice efficace

3.7
fréquI-nte-d‘a-p-pﬁtaﬁvn-a-cuusﬁ-q'u-e
fréqueénce acoustique

fawf

fréqugnce d’un signal acoustique fondée sur I'observation de la sortie d’'un hydrophone placé
dans Jm champ acoustique a la position correspondant a la pression acoustique a la| créte
spatigle et temporelle

Note 1 p l'article: Le signal est analysé a l'aide de la technique de la fréquence, d'application acoustique de
passage a zéro ou de la méthode d'exploration du spectre. Les fréquences d’application acoustique sont fiéfinies
en 3.7.1 et 3.7.2.

Note 2 |a l'article: Dans un certain nombre de cas, la présente définition” n'est pas trés utile ou pfatique,
particullérement pour les transducteurs a large bande. Dans ce cas, il convient de donner une description cpmpléte
du spedtre de fréquences afin de permettre une correction en fonction.de\a fréquence par rapport au signal

Note 3 p I'article: La fréquence acoustique est exprimée en hertz\(Hz).

[SOURCE: IEC 62127-1:2007, 3.3]

3.7.1
fréquénce d'application acoustique, moyenne arithmétique

fawf
moyenne arithmétique des fréquences, les plus largement séparées f; et /5, dans la gamme de

trois fois f4, a laquelle 'amplitude du’spectre de la pression acoustique est inférieure de 3 dB
a I'amplitude de créte

Note 1 [a I'article: Cette définition de fréquence est généralement destinée aux systémes qui produisent des
impulsipns courtes qui ne contiennent que quelques cycles, mais peut étre utilisée pour des salves d’'impuls|ons.

Note 2 b l'article: |l est supposé que f; < f,.

Note 3 g I'article: ~3i f; ne se situe pas dans la gamme < 3f,, f, est a considérer comme la fréquence la plup basse
au-desgus de cette’'gamme a laquelle I'amplitude du spectre est de -3 dB de I'amplitude de créte.

[SOURGCETEC 62127-1:2007 et IEC 62127-1:2007/AMD1:2013, 3.3.2, modifié — La Ndte 1 a
|'article—a—été-modifide ]

3.7.2

fréquence d'application acoustique de passage a zéro

fawf

nombre, n, de demi-périodes consécutives (indépendamment de la polarité) divisé par deux fois
le temps qui s’écoule entre le début de la premiére demi-période et la fin de la n-eéme demi-
période

Note 1 a I'article: |l convient qu'aucune des n demi-périodes consécutives ne présente un changement de phase
évident.
Note 2 a l'article: |l convient de réaliser les mesurages, dans le récepteur, aux bornes qui sont le plus proche

possible du transducteur de réception (hydrophone) et, dans tous les cas, avant redressement.

Note 3 a l'article: Cette fréquence est déterminée conformément a la procédure spécifiée dans I'lEC TR 60854.
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Note 4 a I'article: Cette fréquence est destinée aux systéemes a ondes entretenues ou quasi entretenues (par
exemple, salve d’'impulsion) uniquement.

[SOURCE: IEC 62127-1:2007/AMD1:2013, 3.3.1, modifié¢ — Dans la Note 4 a [l'article, "ou
quasi entretenues (par exemple, salve d'impulsion)" a été ajouté.]

3.8

forme 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 p l'article: La forme d’onde temporelle est une représentation (par exemple, présentation par,oscilloscope
ou équation) de la pression acoustique instantanée.

[SOURCE: IEC 62127-1:2007 et IEC 62127-1:2007/AMD1:2013, 3.1]

3.9
période acoustique de répétition
par
périogle de répétition des impulsions égale a lintervalle ;/de temps entre les [points
corregpondants des cycles consécutifs des systémes a ondes entretenues

Note 1 p l'article: La période acoustique de répétition est exprimég en-seconde (s).

[SOURCE: IEC 62127-1:2007, 3.2, modifié — la définition a été adaptée aux systémes
non explorateurs.]

3.10
onde modulée en amplitude
onde |pour laquelle le quotient ptp/(\/ZpRMS) en tout point du champ lointain sur| I'axe

d'alighement du faisceau est supérieur'a 1,05, ou Ptp est la pression acoustique a la créte
tempgqrelle et pr\ 5 est la pressionacoustique efficace

3.1
adaptpteur
accessoire destiné a étrevattaché au transducteur dans le but de modifier les caractérisftiques
du faigceau ultrasonore

[SOURCE: IEC 60601-2-5:2009, 201-3-202]

3.12
axe dlalignement du faisceau

rfaces

Note 1 & larticle: Un plan est & une distance approximativement égale a 4?/1 ou a est le rayon géométrique de
I'élément actif du transducteur. La surface du second plan se situe & une distance de 24%/4 ou de «?/(37), selon la
valeur la plus appropriée. Pour les besoins de l'alignement, cette droite peut étre projetée sur la face du
transducteur.

Note 2 a l'article: Comme I'axe d’alignement du faisceau n’est utilisé que pour les besoins de I'alignement, les
définitions des distances spécifiques peuvent étre légerement élargies pour tenir compte des contraintes du dispositif
de mesure utilisé. Par exemple, certains transducteurs ont une distance a2/4 bien supérieure & 12 cm, auquel cas
une distance maximale de 12 cm peut étre utilisée pour définir le premier plan. Des lignes directrices générales pour
la détermination de I’axe d’alignement du faisceau sont fournies en 7.3.
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3.13
surface de la section droite du faisceau

4gcs

surface minimale dans un plan spécifié perpendiculaire a I'axe d'alignement du faisceau pour
laquelle la somme des pressions acoustiques carrées moyennes est égale a 75 % de la
pression acoustique carrée moyenne totale

Note 1 & l'article: La surface de la section droite du faisceau est exprimée en unités de métre carré (m2).

Note 2 a I'article: La justification de la définition est décrite a ’Annexe D.

3.14
intengité maximale du faisceau
produit du taux de non-conformité du faisceau par l'intensité efficace

Note 1 p I'article: L'intensité maximale du faisceau est exprimée en unités de watt par metreccarré (W/m9).

3.15
taux de non-conformité du faisceau

Rgn
quotient du carré de la pression acoustique efficace maximale par la moyenne spatiple du
carré fde la pression acoustique efficace, ou la moyenne spatiale est prise sur la s@irface
émettrice efficace

2
_ Pmax,RMS4ER 2)

LN P,

ou
Pmax.AMs €st la pression acoustique €fficace maximale;

Agr est la surface émettrice efficace;

pmsy est la pression acoustique carrée moyenne totale;
Ag est I'unité de surface du balayage de trame.

3.16

type de faisceau
classification desgriptive du faisceau ultrasonore

Note 1 p I'articlen "1l existe trois types de faisceaux: paralléle (3.18), convergent (3.19) et divergent (3.20]}.

3.17
onde entretenue

onde pour laquelle le quotient ptp/(\/Z PrMs): €n tout point du champ lointain sur I'axe
d'alignement du faisceau, est inférieur ou égal a 1,05, ou Ptp est la pression acoustique a
la créte temporelle et pg) 5 est la pression acoustique efficace

3.18

paralléle

<faisceau> qui présente un coefficient de régression linéaire, Q, qui obéit a l'inégalité
suivante

-0,05cm1<0<0,1cm’
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3.19

convergent

<faisceau> qui présente un coefficient de régression linéaire, Q, qui obéit a l'inégalité
suivante

0 < -0,05cm™1

3.20

divergent

<faisceau> qui présente un coefficient de régression linéaire, Q, qui obéit a l'inégalité
suivante

0>0, cm1

3.21
facteur d'utilisation
quotignt de la durée d’impulsion par la période de répétition des impulsions

3.22
intengité efficace
le
intensjté donnée par I, = P/Agg ou P est |la puissance de sortie'€t 4 est la surface émettrice
efficace

Note 1 b l'article: L'intensité efficace est exprimée en unités de-watt par métre carré (W/m?).

3.23
surfag¢e émettrice efficace

AgR
surfa¢e de la section droite du faisceau\déterminée a une distance de 0,3 cm de la face
avant [du transducteur, 4g-5(0,3 cm), ;multipliée par un facteur sans dimension, F ., Bgal a

1,333

Note 1 p l'article: Le facteur de convefsion F, est utilisé ici pour déduire la surface proche du transduc{eur qui
contient 100 % de la pression acoustique carrée moyenne totale. L’origine de la valeur de F,  est décrite dans
I’Annexg E.

Note 2 b I'article: La surfacelémettrice efficace est exprimée en unités de métre carré (m?).

3.24
sensibilité chargée en bout de céable

M, (f)
<d’un hydrophone ou d’'un ensemble d’hydrophones> quotient de la transformée de Foufier du
signalltension-temps de I'hydrophone F(u (7)) a I'extrémité de tout cable intégré ou connecteur

de sortie d'un hydrophone ou d'un ensemble d'hydrophones, lorsqu'il est connecté a une
impédance de charge électrique spécifiée, et de la transformée de Fourier de la forme d'onde

des impulsions acoustiques F(p(¢)) dans le champ libre non perturbé d'une onde plane a la
position du centre de référence de I'hydrophone si I'hydrophone a été retiré

u ()= 2l ) )

Note 1 a I'article: La sensibilité chargée en bout de cable est un parametre a valeurs complexes. Son module est
exprimé en unités de volt par pascal (V/Pa). Son angle de phase est exprimé en degrés et représente la différence
de phase entre la tension électrique et la pression acoustique.
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[SOURCE: IEC 61828:2020, 3.50, modifié — La traduction incompléte du terme a été corrigée
en ajoutant le mot chargée]

3.25
champ lointain
région du champ ou z > z1 est alignée sur I'axe du faisceau pour des transducteurs plans sans

focalisation, ou z est la distance entre la face du transducteur et un point spécifié sur I'axe
d’alignement du faisceau

Note 1 a l'article: Dans le champ lointain, la pression acoustique apparait comme sphériquement divergente
depuis un point situé sur ou a proximité de la surface émettrice. Ainsi, la pression produite par la source acoustique
est a pewprés inversement proportionnelle 3 1a distance depuis |a source

Note 2 |a I'article: Le terme "champ lointain" n'est utilisé dans le présent document que dans le |cas de
transdufteurs sources sans focalisation. Pour les transducteurs a focalisation, une terminologie différente’s'dpplique
aux diffrentes parties du champ émis (voir I'lEC 61828).

Note 3 & I'article: Pour les besoins du présent document, le champ lointain débute a une distance ou z; = A\ /(n)
ou Aggy est la valeur nominale de la surface émettrice efficace du transducteur et / esf |a’longueur d'onde des
ultrasohs correspondant a la fréquence d’application acoustique.

[SOURCE: IEC 62127-1:2007/AMD1:2013, 3.28, modifié — Dans lddéfinition, la spécification
de z g été ajoutée et la Note 3 a l'article a été remplacée afin de fournir des informations
spéciflques relatives a zq]

3.26
hydrophone
transducteur qui produit des signaux électriques en . réponse aux variations de pression dans
I'eau

Note 1 [a I'article: 1l s'agit principalement d'un dispaositif passif congu et fabriqué pour répondre a la gression

acoustique.

Note 2 p I'article: Dans certaines applications~il sert de dispositif actif pour I'émission du son.

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

3.27
pressjon acoustique instantanée

p(1)
pressipn a un instant’ et"un point donnés dans un champ acoustique, diminuée de la prgession
ambiapte

Note 1 p I'article;\_Lla pression acoustique instantanée est exprimée en pascal (Pa).

[SOURCEIEC 60050-802:2011, 802-01-03]

3.28
pression acoustique efficace maximale

Pmax,RMS
valeur maximale de la pression acoustique efficace sur tout le champ acoustique

Note 1 a I'article: La pression acoustique efficace maximale est exprimée en pascals (Pa).

3.29

pression acoustique carrée moyenne

carré moyen de la pression acoustique instantanée en un point donné du champ acoustique,
pris sur un nombre entier de périodes acoustiques de répétition

Note 1 a l'article: En pratique, la valeur moyenne est souvent déduite des mesurages en valeur efficace.

Note 2 a l'article: La pression acoustique carrée moyenne est exprimée en unités de pascal carré (Pa?).
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3.30
forme

d’onde en modulation

forme de I'enveloppe d’onde dans le temps de 'onde modulée en amplitude au point de
pression acoustique efficace de créte sur 'axe d’alignement du faisceau, mise en évidence
sur une période suffisamment longue pour prendre en compte toutes les informations
acoustiques importantes de 'onde modulée en amplitude

Note 1 a I'article: L’Annexe K présente des exemples.

3.31

puissance de sortie

P

spécif
Note 1
[SOUR

étére

3.32

press
valeur
spécif]

Note 1

3.33

moyeane temporelle de la puissance ultrasonore émise par le transducteur d’'un appareil a
ultrasjons pour physiothérapie dans un champ pratiquement libre dans des .con

ées et dans un milieu spécifié, soit I'’eau de préférence

b I'article: La puissance de sortie est exprimée en watts (W).

RCE: IEC 61161:2013, 3.3, modifié — Dans la définition, "transducteur ultrason
mplacé par "transducteur d’'un appareil a ultrasons pour physiothérapie".]

on acoustique efficace de créte
maximale de la pression acoustique efficace sur une région, une ligne ou u
és dans un champ acoustique

b I'article: La pression acoustique efficace de créte est\exprimée en pascals (Pa).

duréeeLd’impulsion

interv
une va

lle de temps commencgant au moment auquel la forme d’onde en modulation dé
leur de référence et finissant au mament auquel la forme d’onde en modulation

a cettg valeur

Note 1
10 % dd

Note 2
moduléd

Note 3

Note 4

3.34

b 'article: La valeur de référence-est égale a la somme de la forme d’onde en modulation mini
la différence entre les formes d’onde en modulation maximale et minimale.

h I'article: Cette définition‘differe de celle donnée dans I'lEC 62127-1:2007 afin d’étre applicables au
es en amplitude.

b I'article: L’Anneéxe K présente des exemples.

b I'article: La'durée d'impulsion est exprimée en secondes (s).

période dé répétition des impulsions

prp

interv

Hitions

bre" a

N plan

passe
evient

male et

ondes

onde modulée en amplitude

Note 1 a I'article: L’Annexe K présente des exemples.

Note 2 a I'article: La période de répétition des impulsions est exprimée en secondes (s).

3.35

régime de répétition des impulsions

prr

inverse de la période de répétition des impulsions

Note 1 a l'article:

modulée.

Note 2 a l'article: Le régime de répétition des impulsions est exprimé en hertz (Hz).

ur une

Le régime de répétition des impulsions est égal a la fréquence de répétition de la forme d’onde
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Note 3 a I'article: L’abréviation "prr" est dérivée du terme anglais développé correspondant "pulse repetition rate"

[SOURCE: IEC 62127-1:2007, 3.52, modifié¢ — La Note 1 a l'article differe de la NOTE 1
d’origine.]

3.36

puissance de sortie assignée

puissance de sortie maximale de I'appareil a ultrasons pour physiothérapie a la tension
assignée du réseau, avec une configuration des réglages qui permet de délivrer la puissance
de sortie maximale

FTRPTI " - M Pr) - - . . : — AA
NOte 1 f 1T aliticic. Ld PUrissdArive utc SUTLIT dSS1TYIICT ©TSU TAPTITTIICT ©IT Wdlls (Vv).

3.37
pressjon acoustique efficace

PRMS
valeur| efficace de la pression acoustique instantanée en un pointcdenné du ¢hamp
acousgique

Note 1 p l'article: Sauf indication contraire, il convient de prendre la moyenne sur un nombre entier de période
acoustique de répétition.

Note 2 & I'article: La pression acoustique efficace est exprimée en pascals.(Pa).

[SOURCE: IEC 62127-1:2007, 3.53]

3.38
pressjon acoustique a la créte spatiale et temporelle
Psptp
valeur| supérieure de la pression acoustique *de compression de créte ou de la pregssion
acoustique de raréfaction de créte

Note 1 p l'article: La pression acoustique a.la créte spatiale et temporelle est exprimée en pascals (Pa).

[SOURCE: IEC 62127-1:2007, 3.63]

3.39
puissance de sortie maximale temporelle
Ptm
<d’ung¢ onde modulée’en amplitude> puissance de sortie réelle dimensionnée par la [moitié
du quptient de Ja“pression acoustique a la créte temporelle par la pression acoustique
efficage au carré

2
1( Din \\
=P (4)
2| prms
ou
P est la puissance de sortie réelle dans les conditions d’onde modulée en amplitude;
Pip est la pression acoustique a la créte temporelle;

PrMs  ©st la pression acoustique efficace.

Note 1 a l'article: Les deux pressions Pip et pp, SONt mesurées en un point spécifieé de I'axe d’alignement du
faisceau.

Note 2 a l'article: La puissance de sortie maximale temporelle est exprimée en watts (W).
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3.40

pression acoustique carrée moyenne totale

pmst

somme des valeurs de la pression acoustique carrée moyenne dans un plan spécifié pour
des limites spécifiées de sommation, chaque valeur ayant une surface différentielle spécifiée

Note 1 & l'article: La pression acoustique carrée moyenne totale est exprimée en unités de pascal carré (Pa2).

3.41
intensité maximale temporelle
1

m
<pourrd i e—eA—am H
tempagrelle et de la surface émettrice efficace

P
I_tm

m

(5)

AgR

bst [a puissance de sortie maximale temporelle;

Agr st la surface émettrice efficace.

Note 1 b l'article: L'intensité maximale temporelle est exprimée’efi unités de watt par metre carré (W/m?).

3.42
pressjon acoustique a la créte temporelle
ptp
valeurl maximale du module de la pression acoustique instantanée en un point parficulier
d’'un champ acoustique

Note 1 b l'article: La pression acoustique a la créte temporelle est exprimée en pascals (Pa).

[SOURCE: IEC 62127-1:2007,_3:67]

3.43
transducteur
ensenble compreftant un transducteur ultrasonore et les parties associées poyr une
applicption locale.d’ultrasons a un patient

[SOURCEAEC 60601-2-5:2009, 201.3.214, modifié — La NOTE n'a pas été incluse.]

3.44
transducteur ultrasonique

appareil permettant de convertir I'énergie électrique en énergie mécanique dans la gamme de
fréquences ultrasonores et/ou, réciproquement, I’énergie mécanique en énergie électrique

[SOURCE: IEC 62127-1:2007, 3.73]

3.45

ultrason

vibration acoustique dont la fréquence est supérieure a la limite supérieure des fréquences des
sons audibles (environ 20 kHz)

[SOURCE: IEC 60050-802:2011, 802-01-01]
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3.46

appareil a ultrasons pour physiothérapie

appareil

appareil congu pour la production d’ultrasons et I'application de ceux-ci a un patient a des fins
thérapeutiques

Note 1 a I'article: Les appareils exclus comprennent, entre autres:

— les appareils avec lesquels les ondes ultrasonores émises sont destinées a détruire des conglomérats (par
exemple, des calculs rénaux ou biliaires) ou des tissus de tout type;

— les appareils avec lesquels un outil est entrainé par ultrasons (par exemple, scalpels chirurgicaux,
phacoémulseurs, instruments a détartrer dentaires, lithotripteurs intracorporels);

— leseppa

tHiraseneres Hées-a-sensibit } e-e- Rérapies
(paf exemple, rayonnement ou chimiothérapi

);

— les|appareils avec lesquels les ondes ultrasonores sont destinées a traiter les tissus cancéreux)(c’es{-a-dire,
malins) ou précancéreux, voire les masses bénignes. |l s’agit par exemple des ultrasons focafises dg haute
intgnsité (HIFU - high intensity focused ultrasound) ou des ultrasons thérapeutiques de haute intensité (HITU -
high intensity therapeutic ultrasound).

[SOURCE: IEC 60601-2-5:2009, 201.3.216, modifié¢ — La NOTE a été médijfiée afin de fournir
quelques exemples d’appareils exclus.]

4 Symboles
a rayon géométrique de I'élément actif d’'un transducteur
Agpcs surface de la section droite du faisceau

Apcgl0,3 cm) surface de la section droite du. faisceau évaluée a 0,3 cm de la|face
frontale du transducteur

Agcsizy) surface de la section droité<du faisceau évaluée a I’endroit du dgrnier
maximum axial, zy

AgR surface émettrice efficace d'un transducteur

aq rayon géométrique.de I'élément actif d’'un hydrophone

Amax taille maximale.gfficace de 'hydrophone, définie dans I'lEC 62127-1

Ay unité de surface du balayage de trame

par période acoustique de répétition

b rayon_minimal d’une cible de balance de forces de rayonnement

c vitesse du son dans I'eau

ERD echo reduction (réduction de I'écho)

Sawt fréquence d’application acoustique

Fae facteur de conversion pour convertir 4geo(0 3 cm)en deq

I intensité efficace

Iy intensité maximale temporelle

k (= 2n/2) nombre d’onde circulaire

m gradient de régression linéaire

M, sensibilité chargée en bout de céble d’'un hydrophone

P puissance de sortie d'un transducteur

P puissance de sortie maximale temporelle

p(?) pression acoustique instantanée

Ptp pression acoustique a la créte temporelle


https://iecnorm.com/api/?name=e0879c461baacddcbcfb457025913ec5

IEC 61689:2022 © |IEC 2022 - 83 -

Psptp
Pmax,RMS
PRMS
pmsy

prp

prr

pression acoustique a la créte spatiale et temporelle

pression acoustique efficace maximale

pression acoustique efficace

pression acoustique carrée moyenne totale

période de répétition des impulsions

régime de répétition des impulsions

coefficient de régression linéaire

quotient de la pression acoustique efficace de créte par la moyenne

de la

5 Spécifications'du champ ultrasonique

pression acoustique efficace sur la surface de la section droit
faisceau dans un plan spécifié

taux de non-conformité du faisceau

dimension du pas de balayage de trame

distance normalisée entre la face du transducteur et un,point spécifi
I'axe d’alignement du faisceau

tension en bout de cable d’'un hydrophone
signal de 'hydrophone pour le i-€me point de,balayage

tension de bruit en valeur efficace

distance entre la face du transductedar et un point spécifié sur
d’alignement du faisceau

e du

B sur

'laxe

distance entre la face du transducteur et le plan de mesure (perpendiclilaire

a 'axe d’alignement du faisceau) considéré

distance entre la face du transducteur et la derniére valeur maximale
pression acoustique efficace de 'axe d’alignement du faisceau

de la

distance entre la face_du“transducteur et la pression acoustique efficace

de créte sur I'axe d’alignement du faisceau
longueur d’onde ultrasonore
densité de I'ea

Outre [les exigénces générales spécifiees dans I'|EC 60601-1 et les exigences particlliéres

spéciflées dans I'IEC 60601-2-5, les fabricants doivent déclarer les valeurs nominalg
paran‘(llétres suivants dans les ouvrages de référence d’accompagnement pour chaque ty

trans

ucteur:

s des
pe de

— la puissance de sortie assignée (£20 %);

— la surface émettrice efficace (4ggy) du transducteur (20 %);

— lintensité efficace (/) pour les mémes réglages de l'appareil que pour la valeur nominale
de la puissance de sortie assignée (+30 %);

— lafréquence d'application acoustique (f;,,;) (10 %);

— le taux de non-conformité du faisceau (Rgy) (+30 %);

— lintensité maximale du faisceau (+30 %);

— le type de faisceau;

— la durée d’impulsion, la période de répétition des impulsions (prp), le facteur
d'utilisation et le quotient de la puissance de sortie maximale temporelle sur la
puissance de sortie pour chaque réglage de modulation (5 %);
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— la forme d’onde en modulation pour chaque réglage de modulation.

Les valeurs données entre parenthéses sont les tolérances qui définissent la plage des valeurs
acceptables pour les résultats soit des mesurages de référence des essais de type spécifiés a
I’Article 7, soit des mesurages individuels de série spécifiés a I’Article 8. Lorsque I’exigence de
tolérance publiée ne peut pas étre respectée, alors il convient de consigner le niveau de
confiance a 95 % qu’il est possible d’atteindre. Il doit alors étre démontré que la valeur
consignée, lorsqu’elle est incorporée a la tolérance de maniére a produire la valeur "du cas le
plus défavorable", reste dans la plage des valeurs acceptables, comme cela est spécifié dans
I'IEC 60601-2-5, et pour laquelle I'Annexe A fournit de plus amples informations.

La plage de températures doit étre précisée pour les parameétres spécifiés ci-dessus. La plage
des tensions d’alimentation doit aussi étre spécifiée.

Pour Igs appareils a ultrasons pour physiothérapie qui utilisent un transducteur-capaple de
fonctignner a plus d'une valeur nominale de fréquence d'application acoustiqupe, les
paramétres énumérés ci-dessus doivent étre spécifiés pour chaque valeur-nominale|de la
fréquénce d'application acoustique.

De plus, pour les appareils a ultrasons pour physiothérapie. qui peuvent utilider un
adaptpteur, les parametres énumérés ci-dessus doivent étre~ spécifiés pour chaque
combihaison d’adaptateur et de transducteur.

NOTE |Le présent document ne contient aucune exigence relative a la séeurité: ces exigences sont couvertps dans
I'IEC 6(Q601-2-5. Toutefois, les exigences de I'lEC 60601-2-5 concernant les paramétres du présent documeft, ainsi
que deg recommandations relatives aux performances et a la sécurité’sont disponibles dans I'Annexe A.

6 Copnditions de mesure et appareils d'essai utilisés

6.1 Généralités

Tous [les mesurages réalisés dans.\l'eau doivent étre effectués dans des conditions
approximativement en champ libre a @ne température de 22 °C + 3 °C.

Lorsqulie les mesurages sont effectués a d'autres températures, un essai doit étre réalis¢ pour
indiquer que les résultats, déterminés selon 7.6 et 8.6, sont indépendants de la tempérdture a
laquelle les essais ont étéwréalisés.

De I'equ dégazée doit étre utilisée pour le mesurage de la puissance ultrasonore, voir I’Arlicle 7.
La quantité d’oxygéhe dissous dans l'eau dégazée doit étre <4 mg/l pendant tols les
mesurjages.

NOTE |L'eal dégazée est indispensable pour éviter la cavitation quand les appareils de physiothérapie foncfionnent
a la puilssance de sortie maximale ou a une puissance de sortie proche. Des informations sur la préparatign d'une
eau corvenant aux_mesurages en physiothérapie peuvent étre consultées dans I'lEC 61161, '|EC TR 6P781 et

en[1]1.

Tous les mesurages doivent étre réalisés aprés la durée d'échauffement spécifiée par le
fabricant. Lorsqu'aucune durée de ce type n’est spécifiée, une durée de 30 min doit étre utilisée.

6.2 Bac d'essai

Le bac d'essai utilisé pour tous les mesurages des hydrophones doit étre assez grand pour
permettre d'immerger a la fois le transducteur et I'hydrophone. Il convient que la dimension
du récipient soit conforme a I'l|EC 62127-1.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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La position relative et I'orientation angulaire du transducteur et de I'hydrophone doivent étre
réglables pour les besoins de I'alignement conformément a I'l[EC 62127-1. Des degrés totaux
de liberté de mouvement des deux appareils peuvent étre assurés, bien que l'exigence
minimale soit que le transducteur ou I'hydrophone doit posséder trois degrés indépendants
de mouvement de translation. Les mesurages doivent étre réalisés dans des conditions en
champ libre. Pour obtenir ces conditions, il peut étre nécessaire de garnir les parois du bac
d'essai, ainsi que les montants utilisés pour maintenir le transducteur et I'hydrophone avec
des absorbeurs ou un ou plusieurs réflecteurs d'angle et un ou plusieurs absorbeurs avec un
amortissement plus élevé et une dispersion plus faible. Les conditions en champ libre sont
suffisamment satisfaites lorsque I'écho global est réduit de plus de 25 dB. Différentes méthodes
peuvent étre utilisées pour vérifier la conformité de la réduction de I'écho des matériaux utilisés
pour le revétement du récipient.

La copformité pour la réduction d'écho global d'un absorbeur acoustique peut étre\vérffiée a
l'aide |du mode opératoire décrit dans I'lEC TS 63081. Lorsque la réduction<d'écho est
déterminée, elle doit étre mesurée a la fréquence d’application acoustique du transdycteur
soumik a l'essai au moyen d’ultrasons a salve d’impulsions avec l'absorbeur.acoustiqué situé
dans |e champ lointain du transducteur ultrasonique piloté séparément. L’amplityde de
pressipn de la réflexion sur la face avant de I'absorbeur acoustique, p,psoipeur €St COMparée a

celle groduite par un réflecteur plan parfait, p sqocteur L'a@lignement.de’absorbeur acoustique

et du néflecteur de référence doit étre quasi perpendiculaire a I'axe d'alignement du faigceau,
avec Ipclinaison de I'absorbeur et du réflecteur de maniére que fé signal réfléchi puisge étre
intercépté par I'hydrophone. Etant donné que le coefficient-de réflexion d’amplitude d'un

réflecleur de référence R, sfecteur 1€l qu'un réflecteur en acier inoxydable
(R, réffecteur = 0,938 9) est legérement inférieur a celuicdtin réflecteur parfait (R, ;sqectedr = 1),
I'amplitude de pression de réflexion mesurée p,p..menr PEUL Eire ajustée afin de tenir dompte

de la réflexion imparfaite selon

ﬁabsorbeur (f) =, pabsorbeur(f) : Rp,réﬂecteur (6)

La réduction d’écho ERD en décibéls (dB) est alors calculée par

Pabsorbeur

ERD = —201log, —] dB (7)

DPréflecteur

Lorsqu'un réflecteur de référence est utilisé, son épaisseur doit étre suffisante pour que les
réflexions de-sa surface arriére n’introduisent pas des artéfacts de mesure indésirables.

La conformité du bac d'essai aux conditions en champ libre est vérifiée en relevant la con$tance
du produit pms; s2 (voir 7.4.7) aprés achévement des mesurages spécifiés a I'Article 7.

NOTE Pour certains transducteurs, des ultrasons réfléchis par retour sur le transducteur peuvent modifier la
puissance de sortie, particulierement en cas de réflexions cohérentes a partir des absorbeurs a surfaces lisses
planes. Dans ce type de cas, une meilleure approximation des conditions en champ libre peut étre obtenue au moyen
d’absorbeurs acoustiques a surface granulée.

6.3 Hydrophone

Tous les mesurages de la pression doivent étre réalisés a l'aide d’'un hydrophone, par
exemple, avec un élément actif en polymére piézoélectrique ou en céramique. Le signal
électrique émis par I'hydrophone peut étre amplifié pour une exactitude de mesure adaptée.
Le rayon efficace maximal de I'hydrophone utilisé pour les mesurages doit étre a,,,, tel que:
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pax | 4 < 0,4 (8)

NOTE 1 Pour plus d'informations sur I'utilisation des hydrophones, voir I'|[EC 62127-1.
NOTE 2 L’influence du rayon efficace de I’lhydrophone sur le mesurage est décrite a ’Annexe H.

NOTE 3 L’IEC 62127-3 fournit des informations sur le rayon efficace ou la taille de 'hydrophone en fonction de la
fréquence, ainsi que sa déduction a partir des mesurages de réponse directionnelle.

6.4 Mesurage du signal de créte efficace

La tenfsion u| (¢) mesurée en bout de cable au niveau de I'hydrophone doit étre associge a la
pressjon acoustique instantanée p qui applique la sensibilité chargée en bout‘de-cable M/

de 'hydrophone conformément a I'lEC 62127-1. Lorsque la déformation due aux effets{ d'une
propagation non linéaire est négligeable, lI'approximation de la bandegiroite peut étre
appliguée, et la pression acoustique instantanée peut étre déterminée a partir de 'éqliation

p(t) = u (1) 1 1My (Faws)l (9)

ou |M|(f,wi)| est le module de la sensibilité chargée encbout de cable de I'hydrophore a la

fréquence d'application acoustique. Toutefois, eny,\pratique, les valeurs absolues|de la
pressipn acoustique ne sont pas exigées puisquesl'analyse des données mesurées dpns le
présemnt document repose sur des mesurages relatifs pour I'hydrophone.

NOTE 1 Pourde plus amples informations sur les critéres pour I'approximation de la bande étroite, et des mgthodes
alternatjves pour les mesurages a large bande qui utilisent la sensibilité dépendant de la fréquence de I’hydrgphone,
voir I'lE|IC 62127-1.

NOTE 4 Pour de plus amples informations sur la détermination de la sensibilité de I'hydrophone, voir
I'IEC 63127-2.

Les rdférences suivantes a la‘pression acoustique se rapportent a la pression acoustique
efficape par commodité. En“fait, lorsque la déformation due aux effets d'une propat;ation
non linéaire est négligeable, auquel cas la pression acoustique a la créte temporelle est
proportionnelle a la pression acoustique efficace parallélement a 'augmentation de la tgénsion
d’excifation du transducteur ultrasonique, la pression acoustique a la créte temporelle
peut galement étre.choisie. Il est nécessaire que tous les mesurages reposent sur la méme

métholde.

La lingarité de la réponse de la combinaison de I'hydrophone, de ’hydrophone/amplificateur
doit étre détermirjée et,
o g _— . ‘s-

La conformité de la linéarité doit étre vérifiée a I'aide d’un transducteur ultrasonique linéaire
parfaitement caractérisé, et par mesure du signal regu par I'hydrophone et le dispositif de
mesure en fonction de l'excitation en tension appliquée au transducteur ultrasonique.

7 Modes opératoires et mesurages de référence pour les essais de type

7.1 Généralités

Les modes opératoires spécifiés de 7.2 a 7.4 doivent étre utilisés pour déterminer les valeurs
de référence des essais de type, relatives aux paramétres spécifiés en 7.5.
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Tout appareil a ultrasons pour physiothérapie qui contient des circuits de contréle de la
sortie acoustique du transducteur ultrasonique en réponse aux modifications de I'impédance
acoustique du milieu de propagation doit étre configuré de maniére a désactiver les circuits de
contrble si cela est possible.

7.2 Puissance de sortie assignée

La puissance de sortie de I'appareil a ultrasons pour physiothérapie doit étre déterminée
conformément a I'lEC 61161. La puissance de sortie assignée doit étre déterminée par
réglage de toutes les commandes de I'appareil pour obtenir la puissance de sortie maximale.
Pour éviter la cawtatlon de Ieau dégazée doit etre utilisée entre Ia face de sortle du

mesure, exprimée pour un niveau de confiance a 95 %, doit étre determmee (voir.9.3) et doit
étre inférieure a £15 %. Les mesurages doivent pouvoir étre identifiés par rapport ades étalons
de mesure nationaux. La puissance de sortie assignée maximale absolue doit étre
déterminée a partir de la somme de la puissance de sortie assignée, de lliicertitude globale
pour la valeur moyenne de la puissance de sortie assignée mesurée et-de I'accroissement
maximal de la puissance de sortie assignée pour une variation de)+10 % de la tgnsion
d'alimgntation nominale. (Voir ’Annexe F.)

7.3 |Mesurages de I'hydrophone

Le trapsducteur doit étre mis en place dans le bac d'essai selon I'Article 6.

Tous Ies mesurages de la surface émettrice efficacedoivent étre réalisés avec I'appareif réglé
pour Un mode a onde entretenue avec des intensités suffisamment faibles pour évter la
cavitafion. L’utilisation d’eau dégazée dans le dispositif de mesure constitue une bonne priatique
qui permet d’assurer I'absence de bulles d*air a la surface du transducteur qu sur
I’hydrpphone.

NOTE 1 Les mesurages de la surface de la section droite du faisceau sont réalisés a faible puissanfe pour
protégelr les hydrophones a aiguille utilisés. [a validité de I'extrapolation de ces valeurs pour des nivgaux de
puissarice plus élevés, qui sont plus typiques.des traitements thérapeutiques, est démontrée a I'Annexe G.

NOTE 4 Les transducteurs avec a.'s-10 mm, comparés aux transducteurs de plus grandes dimensipns qui
fonctiorjnent a des réglages de sortie d’appareils similaires, ont produit des niveaux plus élevés de pfession
acoustique a la créte temporelle: Pour les transducteurs qui présentent une fréquence d’application acoyistique
de 1 MHz ou moins, cette situation augmente le risque de cavitation. La limite inférieure de 0,2 W/cm? ppur ces
transdycteurs de ka réduit pexmet de réduire le plus possible cette probabilité.

Pour rgduire les effets éventuels des réflexions acoustiques sur le signal recu de I'hydrophone,
il est pdmis dedmesurer I'hydrophone avec l'appareil a ultrasons pour physiothéragie qui
fonctignne en mode a salve d’impulsions produisant une onde modulée en amplitude. Lorsque
les mesurages sont effectués de cette maniére, il doit étre démontré que la dérivatign des
parametres-mesurés par rapport au champ acoustique de I'onde modulée en amplitufe est
equivdlente a celle des paramétres déterminés dans le cas de I'onde entretenue. Il convient
également d’évaluer I'effet des mesurages dans le cas du champ acoustique de Il'onde
modulée en amplitude sur les incertitudes des valeurs nominales des paramétres énumérés
a 'Article 5.

L'axe d’alignement du faisceau du transducteur doit étre établi par exploration par
hydrophone conformément a I'lEC 62127-1. La surface du second plan (voir 3.12) doit étre
initialement choisie pour Agrp/(3n4). S'il n'est pas possible de situer une créte isolée a cette

distance ou a proximité, la distance la plus grande de 24gg\/(n4) doit étre choisie. Si cette

derniére distance est trop grande, placer un autre plan de mesure a une distance suffisante du
premier pour déterminer avec fiabilité I'axe d'alignement du faisceau. Aprés alignement, un
tracé axial doit étre effectué le long de I'axe d'alignement du faisceau et la distance du plan
de la pression acoustique efficace maximale, Zp, et la position du dernier maximum axial, z,

doivent étre déterminées. Les valeurs z, et z, peuvent étre égales.
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La dimension du pas du tracé axial doit généralement étre comprise entre 0,5 mm et 1,0 mm et
ne doit pas dépasser 2 mm.

La fréquence d'application acoustique doit étre déterminée avec I'hydrophone placé a une
distance zZ, du transducteur.

Avec I'hydrophone placé au méme endroit, la durée d'impulsion, la période de répétition
des impulsions et le facteur d'utilisation doivent étre déterminés, et la forme d'onde en
modulation doit étre enregistrée pour les différents réglages de modulation de I'appareil. Le
quotient de la pression acoustique a la créte temporelle a |a pression acoustique efficace
doit étre déterminé pour chaque réglage de modulation. La puissance de sortie maximale
tempdrelle doit alors €tre determinée au moyen de la puissance de sortie determinee én 7.2.

7.4 |Surface émettrice efficace
7.4.1 Mesurages de la surface émettrice efficace

La surface émettrice efficace, 4k, du transducteur doit étre déterming€eipar un balayage de

trame|du champ acoustique dans un plan perpendiculaire a I'axe d'alighement du faisgeau a
0,3 cmp de la face de sortie du transducteur, a l'aide d'un hydrophone. Par suite [de ce
balaydge, la surface émettrice efficace du transducteur doit étfe;déduite de la surface de la
sectign droite du faisceau, 4gc5. Les exigences générales pour les balayages de trame sont

données aux Articles B.1 et B.2. Le mode opératoire réel pour les mesurages de référepce et
I'analyse des résultats sont donnés de 7.4.2 a 7.4.7. Dan& les conditions normales d'esdai, les
résultats des méthodes d'essai décrites doivent produire une incertitude globale dans la
détermination de la surface émettrice efficace (a un‘niveau de confiance a 95 %) de £10 %.

Pour la détermination du taux de non-conformité du faisceau, Rgy, dans les condlitions

normales d'essai, les méthodes d'essai doivent obtenir une incertitude de mesure (a un niveau
de confiance a 95 %) inférieure a £15 %.

7.4.2 Positionnement de I’hydrophone

Avec [hydrophone a la distance z,, sa position doit étre ajustée dans le plan perpendigulaire
a I'aXJ d’alignement du faisceau pour obtenir la pression acoustique efficace maxjmale,

Pmax.Rms, dans le champ.

Cette ppération doit étre réalisée soit par un balayage de trame dans une zone limitée du ¢ghamp
acousfique, soit pantranslation manuelle.

7.4.3 Détermination de la surface de la section droite du faisceau

La sufface de la section droite du faisceau doit étre déterminée a 0,3 cm de la face de|sortie
du tramsducteur, et ta positiom dudermier maximunT axiat, zy. L amatyse des patayages de

trame doit étre effectuée selon I’Article B.3. L'analyse fournit les surfaces de la section droite
du faisceau, 45-5(0,3 cm) et Agcg(zy) et la pression acoustique carrée moyenne totale,

pmsy, pour chaque plan de mesure.

7.4.4 Détermination du gradient de régression linéaire

Le gradient de régression linéaire, m, et le coefficient de régression linéaire, O,
[Q = mlAgcs(0,3 cm)] doivent étre déterminés.
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7.4.5 Détermination du type de faisceau

Le type de faisceau doit étre déterminé par:

020,1cm™’ divergent
-0,05cm™1'<0<0,1cm™! paralléle (10)
0 <-0,05 cm™! convergent

7.4.6 Calcul de la surface émettrice efficace

La surface émettrice efficace, Agg, du transducteur doit étre déterminée comme suit:

AER = FaCABCS(O’3 Cm) = 1’333ABCS (0,3 Cm) (11)

NOTE |Des études ont indiqué que des valeurs physiquement irréalistes\pour la surface émettrice effigace du
transdycteur peuvent étre obtenues lors de l'application de modes opératoires d'extrapolation linéairq a des
balayades effectués dans quatre plans de transducteurs de ka réduit;\L'analyse décrite ci-dessus, dans laquelle la
surfacq émettrice efficace est déterminée a partir de mesurages/mealisés dans un plan situé a 0,3 cm de lalface de
sortie du transducteur, produit des données physiquement réalistes.

7.4.7 Calcul du taux de non-conformité du_faisceau

Le tayx de non-conformité du faisceau, Rgy, doit étre calculé par:

2
-A
RBszmax—ER (12)

2
pmsy - §

ou

prs 52 = pms (03)-5%(03) |+ s (2) 52 (21 (13)

NOTE 1 Bien que p, ., rus €t pms, soient considérés comme des paramétres de pression acoustique ou des
paramétres au carré de la pression, seul leur taux est utilisé pour déterminer Ry, la sensibilité chargée en bout
de cable de I'hydrophone n'est donc pas nécessaire.

NOTE 2 Le produit pms, - s? se rapporte a la puissance acoustique et est calculé par sommation des valeurs au

carré de la pression sur la surface des balayages de trames dans le plan a 0,3 cm du transducteur, et également
du plan z,. En théorie, ce produit ne varie pas avec la distance par rapport au transducteur.

7.4.8 Exigences d’essai

Les modes opératoires donnés de 7.4.1 a 7.4.7 se rapportent a des mesurages réalisés sur un
transducteur. Aprés achévement des mesurages réalisés sur le groupe de transducteurs
selon les exigences d'échantillonnage du paragraphe 9.1, les valeurs moyennes des différents
parameétres spécifiés en 7.5 doivent étre déterminées.
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7.5 Parameétres des essais de type de référence

Pour les besoins des essais de type de référence, les valeurs des parametres suivants d

étre déterminées et enregistrées:

— la puissance de sortie assignée;

— la surface émettrice efficace (4gg) du transducteur;

— lintensité efficace (/) aux mémes réglages de l'appareil que la puissance de
assignée;

— lafréquence d'application acoustique (f,,);

oivent

sortie

— la fistance entre la face du transducteur et la pression acoustique efficace de cré
I'ake d’alignement du faisceau (zp);

— le taux de non-conformité du faisceau (Rgy);

— le type de faisceau;

te sur

— la|durée d'impulsion, la période de répétition des impulsions-(prp) et le facteur

d'utilisation pour chaque réglage de modulation;
— la forme d’onde en modulation pour chaque réglage de modulation.

NOTE |Cet ensemble de parametres peut étre utilisé dans le but d'enregistref les performances d'un seul
de I'ap]areil a ultrasons pour physiothérapie.

Les valeurs doivent étre les valeurs moyennes fondées sur I'échantillonnage spécifié €
L'inceftitude globale a un niveau de confiance a 95 %)deit également étre déterminée d
les mdthodes spécifiées a I'Annexe J.

De plus, les valeurs maximales absolues ou minimales absolues de certains parameétres d
étre determinées comme suit.

La syrface émettrice efficace minimale absolue doit étre déterminée en soust
I'incerfitude globale avec une confiance a 95 % dans la surface émettrice efficace, de la
moyernne de la surface émettricelefficace.

Le tayux de non-conformité 'du faisceau maximal absolu doit étre déterminé en aj

Blément

n9.1.
apres

oivent

Fayant
valeur

butant

I'incerfitude globale avec\une confiance a 95 % dans la détermination du taux del non-

conformité du faiscedu)a la valeur moyenne du taux de non-conformité du faisceau.

7.6 |Critéres d’acceptation des essais de type de référence

Pour |les paramétres énumérés ci-dessous, les critéres d’acceptation pour ¢

transducteur doivent spécifier que les valeurs mesurées compte tenu plus ou mo
I'incerfittde globale avec un niveau de confiance a 95 % dans les valeurs mesurées, d
étre totatement-comprises—dans—ta—plage—définiepartes—vale i es—ette
spécifiées a I'Article 5. Les parameétres sont les suivants:

— la puissance de sortie assignée;

— la surface émettrice efficace (4ggr) du transducteur;

— lafréquence d'application acoustique (f,,);

— la durée d'impulsion, la période de répétition des impulsions (prp) et le facteur

d'utilisation pour chaque réglage de modulation.

Pour le type de faisceau, le critére d’acceptation doit spécifier que le type de faisceau doit

étre le méme que le type de faisceau nominal spécifié a I'Article 5.
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