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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

1) The Intern A ctroteehn FAHAATS worHehwe A A A comprising
all natjonal i . j promote
internafional co-operation on all questions concerning standardization in the electf\ fields. To
this en¢l and in addition to other activities, IEC publishes International Sta i doifications,
Technidal Reports, Publicly Available Specifications (PAS) and Guides (R 3 ¢ as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a E i njttew/interested
in the [subject dealt with may participate in this preparatory work goveramental and non-
governthental organlzatlons Ilalsmg with the IEC also part|C|pate in tes closely
with th ermined by
agreem

2) The for isi i € 3 ternational
consengus of opinion on the relevant subjects since eac 2 n from all
interest

3) IEC Pu C National
Commi ent of IEC
Publicati or for any
misinte

4) In orde ublications
transpal divergence
betwee ndicated in
the lattegr.

5) IEC prgvides no marki indi } ihle for any
equipmpnt declared to inge i o

6) All users should

7) No liabllity shall t i , i ing indivi xperts and
membefs of its techn{cal } E i i inj damage or
other d e fees) and
expenses arising\ ouf\ o other IEC
Publicafions

8) Attenti lications is
indispe,

9) Attentiged aW ibili i icati subject of
patent figh \

Internatiq IEC 61689 has been prepared by I|IEC technical commnittee 87:

Ultrasonigss:

This second edition cancels and replaces the first edition published in 1996 and constitutes a
technical revision.

This second edition is a result of maintenance on this standard and the referenced standards
IEC 61161 (2006) and IEC 62127-1. A relatively large technical change is the determination of
the effective radiating area. This is now no longer based on the measurement of four areas
but only on one. This change was needed to improve the accuracy of the determination of this
parameter for small transducers. Be aware that this change may alter the value obtained for
this and related parameters.
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The text of this standard is based on the following documents:

CbhV Report on voting
87/351/CDV 87/370/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

This standa phic as—indicated in its

preface, will be revised in order to be compatible with thi
NOTE The following print types are used:
— Requjrements: in roman type

— Test $pecifications: in italic type
— Notes:|in small roman type

— Wordp in bold in the text are defined in Clause 3

The committee has decided that the contents of this.puplication ‘wi i ged until
the mainfenance result date indicated e’ | B i ey "http://webstore.lec.ch” in
the data felated to the specific publicatio

* reconfirmed,
+ withdfawn,

* repla
* amen

A bilingu issued at a later date.
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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 consists of a transducer, usually a disk of piezoelectric material, for converting the
electrical energy to ultrasound and is often designed for contact with the human body.

@%



https://iecnorm.com/api/?name=e0843915606a02b2fa5c492998ada42a

61689 © IEC:2007(E) _7_

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

1 Scope

This Internat|onal Standard is apphcable to uItrasonlc eqmpment deS|gne or physmtherapy

consisting c—transduce : Lous oF guasi-coRtinuous wave

ultrasonig

This sta dard only relates to ultrasonic physmtherapy eqmpmen i ! % plane

unfocused icular to

the face ¢f the treatment head.

This standard specifies

— methgds of measurement and characterization of thé gutputof 3 i iptherapy
equig :

— chardlcteristics to be specified by 4 ufae 3 s i uipment
based

— guide]i iptherapy
equigment;

— methgdds of measurem ' ¢ X i iptherapy
equigment based on ro ;

— acceptance criteria f uipment
based on rm{ﬁ

Therapeytic valueg are not

covered S

2 Nor

The follom pcument.

For dateq the edition cited applies. For undated references, the latept edition

of the referenced.docyment (including any amendments) applies.

IEC 60050-801:1994, International Electrotechnical Vocabulary (IEV)—- Chapter 801:
Acoustics and electroacoustics

IEC 60469-1:1987, Pulse techniques and apparatus — Part 1: Pulse terms and definitions

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

IEC 60601-2-5:2000, Medical electrical equipment — Part 2-5: Particular requirements for the
safety of ultrasonic physiotherapy equipment

IEC 61161:2006, Ultrasonics — Power measurement — Radiation force balances and
performance requirements
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IEC 62127-1:2007, Ultrasonics — Hydrophones — Part 1. Measurement and characterization of
medical ultrasonic fields up to 40 MHz using hydrophones

IEC 62127-3:2007, Ultrasonics — Hydrophones — Part 3: Properties of hydrophones for
ultrasonic fields up to 40 MHz

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
3.1

acousticrptHse-waveferm

temporal| waveform of the instantaneous acoustic pressure at a s

ibn in an

acoustic [field and displayed over a period sufficiently long to inclu acoustic
informatipn in a single pulse or tone-burst, or one or more cycles in'g e
NOTE 1 Tlemporal waveform is a representation (e.g. oscilloscope presentatig Sk jistantaneous

acoustic pressure.
NOTE 2 [Qefinition adopted from IEC 60469-1.

3.2
acoustic| repetition period
arp
pulse repetition period for non-autom
for autonmpatic scanning systems, equal
consecutjve cycles for continuous wave

d the scan repetition period
ween corresponding [points of

NOTE 1 Acoustic repetition p

NOTE 2 [Qefinition adopted

3.3
acoustic frequ@
acoustic-workin :

frequency of an rophone

placed in ral-peak
acoustic| pre

NOTE 1 nique or a
spectrum

NOTE 2 Ipand broadband
transducers. Enable any

frequency-flependent corfection to the signal.

NOTE 3 Acoustic frequency is expressed in hertz (Hz).

NOTE 4 Definition adopted from IEC 62127-1.

3.3.1
zero-crossing acoustic-working frequency

fawf
this is determined according to the procedure specified in IEC/TR 60854.

NOTE This frequency is intended for continuous wave systems only.
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3.3.2
arithmetic-mean acoustic-working frequency

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

times f1, at which the magnitude of the acoustic pressure spectrum is 3 dB below the peak
magnitude

NOTE 1 This frequency is intended for pulse-wave systems only.

NOTE 2 It is assumed that f, <f,.

3.4
amplltude modulated wave

wave in v nt axis is
greater t ne r.m.s.
acoustic pressure

3.5

attachment head

accessorly intended to be attached to the treatment hea fying the
ultrasoni¢ beam characteristics

NOTE Definition adopted from IEC 60601-2-5.

3.6

beam alignment axis

straight Ilne joining two points of spatial-=x 8 k—acoustic pressure on two plane
surfaces i One plane is at a distance of
approxim e of the effective radiating area of
the treatment head and Xis\the wawele the tJtrasound corresponding to thg nominal
value of the acoustic worki & he secdrnd plane surface is at a distance|of either
2AerN/(TIA) or Agrn/( i i ) ppropriate. For the purposes of alignment,
this line may be projeqted S 2 Of

NOTE 1 | ,, ive iating area is unknown, then another suitable area may be used
to define th as réa of the active element of the ultrasonic transducer

NOTE 2 A ed purely for the purposes of alignment, the definitions|of specific
distances 1 ightly to eflect the constraints of the measurement system employed. Fqr example,
some treat i lgRN nl) considerably greater than 12 cm, in which case a maximum [distance of
12 cm may i t plane. General guidelines for determining the beam alignment axis are
given in

3.7

beam chss-sec i

ABcs

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 Beam cross-sectional area is expressed in centimetre squared (cm?).

3.8
beam maximum intensity
product of the beam non-uniformity ratio and effective intensity

NOTE Beam maximum intensity is expressed in watt per centimetre squared (W/cm?).
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3.9

beam non-uniformity ratio

RBN

ratio of the square of the maximum r.m.s. acoustic pressure to the spatial average of the
square of the r.m.s. acoustic pressure, where the spatial average is taken over the effective
radiating area. Beam non-uniformity ratio is given by:

2
A
RBN:pmaX—ER (1)
pms, A,
where
N

Pmax Is the maximum r.m.s. acoustic pressure;

AER is the effective radiating area;

pmsy is the total mean square acoustic pressure;

Ao is the unit area for the raster scan.
3.10

absolute maximum beam non-uniformity ratio
beam ngn-uniformity ratio plus the 95 % con
uniformity ratio

uncertainty in the bgam non-

3.1
beam type
descriptiye classification for the ulitas
convergent or divergen

one of three types: cojlimated,

3.12

collimated
beam for|which t'

-0,05cm <0<

0, obeys the following inequality:

3.13
convergent

beam foz ive area coefficient, O, obeys the following inequality:

0 <-0,0%

3.14
divergent
beam for which the active area coefficient, O, obeys the following inequality:

0>0,1cm!

3.15

continuous wave

wave in which the ratio pp/\/2prms, at any point in the far field on the beam alignment axis,
is less than or equal to 1,05, where p,, is the temporal-peak acoustic pressure and pyys is
the r.m.s. acoustic pressure

3.16
duty factor
ratio of the pulse duration to the pulse repetition period

NOTE Definition adopted from IEC 60469-1, 5.3.2.4.
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3.17

effective intensity

Ie

intensity given by I = P/4gr where P is the output power and 4R is the effective radiating
area

NOTE Effective intensity is expressed in watt per centimetre squared (W/cm?).

3.18

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

3.19 J

effectivel radiating area
AgR
beam ciloss-sectional area determined at a distance of 0
treatmer|t head, 45cs(0,3), multiplied by a dimensionless facta

>of the

F. = 1354 (2)

NOTE 1 Tlhe conversion factor F,. is used here in order to derivg 3 e e treatment head which
contains 190 % of the total mean square acoustic pre : lue of Fy¢ is dgscribed in
Annex E ar|d bibliographic references [3] and [4)

NOTE 2 Heam cross-sectional area is expresse

3.20

absolute minimum effective radiating aré
effectivel radiating area /Mjnus 95 % fidenge

radiating area

overall uncertainty in the pffective

3.21

end-of-chble Io‘ ‘

end-of-cpble loaded, sen rophone (or hydrophone-assembly)

My (f)

ratio of the insta he end of any integral cable or output conngctor of a
hydroph bly, when connected to a specified electric load
impedan, fante s acoustic pressure in the undisturbed free field gf a plane
wave in fthe ition eference centre of the hydrophone if the hydrophgne were
removed]

NOTE 1 ded sensitivity is expressed in volts per pascal (V/Pa).

NOTE 2

3.22

far field

acoustic (sound) field at distances from an ultrasonic transducer where the values of the
instantaneous acoustic pressure and particle velocity are substantially in phase [see also
IEC 60050-801, 801-03-30]

NOTE 1 Definition adopted from IEC 62127-1.
NOTE 2 For the purposes of this standard, the far field is at a distance greater than Aggn/(TTA) where Aggy is the

nominal value of the effective radiating area of the treatment head and A is the wavelength of the ultrasound
corresponding to the acoustic working frequency. This differs from IEC 62127-1.

3.23
hydrophone
transducer that produces electrical signals in response to waterborne acoustic signals

NOTE Definition adopted from IEC 60050-801, 801-32-26 (1994).
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3.24
instantaneous acoustic pressure

p(t)
pressure minus the ambient pressure at a particular instant in time and at a particular point in
an acoustic field (see also IEC 60050-801, 801-01-19)

NOTE 1 Instantaneous acoustic pressure is expressed in pascal (Pa).

NOTE 2 Definition adopted from IEC 60050-801, 801-21-19 (1994).

3.25
active area coefficient

0

quotient
the face

cm from
bf the treatment head, 4g5¢c5(0,3)

NOTE Active area coefficient is expressed in per centimetre (cm™").

3.26
active anea gradient
m
gradient pf the line connecting the beam cross-sectio area y om the fdce of the
treatmer|t head, 4gcs(0,3), and the beam cross- j g position of the last
axial maximum acoustic pressure, Agcs(ZN), versu

NOTE Active area gradient is expressed in &enti

3.27
mean square acoustic pressure
at a particular point in the|acoustic

mean square of the instantaneous agou pres e
field. Thd mean is taken gveran jhtegraNnumber of acoustic repetition periods

NOTE 1 Ip practice, the meah B i e i RS measurements.

NOTE 2 Mean sqc S d in pascal squared (Pa?).

3.28

total mean squ

pms;

sum of th : stic pressure values, each with a specified incremental area,
in a specifi ed limits of summation

NOTE To stic pressure is expressed in pascal squared (Pa?).

3.29

modulation*waveform
temporal envelope waveform of the amplitude modulated wave at the point of peak r.m.s.
acoustic pressure on the beam alignment axis and displayed over a period sufficiently long
to include all significant acoustic information in the amplitude modulated wave

3.30

output power

P

time-average ultrasonic power emitted by a treatment head of ultrasonic physiotherapy
equipment into an approximately free field under specified conditions in a specified medium,
preferably in water

NOTE 1 Definition adopted from IEC 61161:2006.

NOTE 2 Output power is expressed in watt (W).
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3.31

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 Rated output power is expressed in watt (W).

3.32

absolute maximum rated output power

sum of the rated output power, the 95 % confidence overall uncertainty in the rated output
power, and the maximum increase in the rated output power for a +10 % variation in the
rated value of the mains voltage

NOTE 1 The possibility of variation in the rated output power resulting from + 10 % iation i ated value
of the mairls voltage should be checked by using a variable output transformer betw age supply
and the ultfasonic physiotherapy equipment. See A.2 for further guidance.
NOTE 2 Absolute maximum rated output power is expressed in watt (W).
3.33
temporal-maximum output power
Ptm . |
in the c4se of an amplitude modulated wave, thg m output power is
given by:
3)

where

P is the actual ofutpu

Pp is the tm@r

Prms  IB the truer
Both_ Pp bnd at a
specified
NOTE T
3.34
pulse duration
time intefval beginnivig at the first time the pressure amplitude exceeds a reference yalue and
ending atthetasttime the pressure amptitude Teturns to tirat—vatoe T he reference value is

equal to the sum of the minimum pressure amplitude and 10 % of the difference between the
maximum and minimum pressure amplitude

NOTE 1 This definition differs from that of 3.48 of IEC 62127-1, from which it is derived, to account for incomplete
modulation.

NOTE 2 Pulse duration is expressed in seconds (s).

3.35
pulse repetition period

Prp
time interval between two equal moments in time of successive pulses or tone-bursts

NOTE 1 This applies to single element non-automatic scanning systems and automatic scanning systems. See
also IEC 60469-1:1987, 5.3.2.1.

NOTE 2 Pulse repetition period is expressed in seconds (s).


https://iecnorm.com/api/?name=e0843915606a02b2fa5c492998ada42a

—14 - 61689 © IEC:2007(E)

3.36

pulse repetition rate

prr

reciprocal of the pulse repetition period

NOTE 1 See also IEC 60469-1:1987, 5.3.2.2.

NOTE 2 The pulse repetition rate is expressed in hertz (Hz).

NOTE 3 The pulse repetition rate is equal to the repetition frequency of the modulated waveform.

3.37
rms acoustic pressure

Prms
root-meah-square (rms) of the instantaneous acoustic pressure at

acoustic field

int in an

NOTE 1 The mean should be taken over an integral number of acoustic repeti otherwise

specified.
NOTE 2 [Qefinition adopted from IEC 62127-1.

NOTE 3 rms acoustic pressure is expressed in pascal (Pa).

3.38
maximum rms acoustic pressure

Pma)g .
maximum value of the rms acoustic

acoustic field

hydrophone over the entire

NOTE Maximum rms acoustic

3.39
peak rms acoustic pre
maximum value of the
acoustic field

re over a specified region, line or plgne in an

NOTE Peak rms acou$

3.40
tempora
Im

in the c&{

(4)

where
Py, is the temporal-maximum output power;

Aggr is the effective radiating area.

NOTE Temporal-maximum intensity is expressed in watt per centimetre squared (W/cmz).

3.41

temporal-peak acoustic pressure

Ptp

maximum value of the modulus of the instantaneous acoustic pressure at a particular point
in an acoustic field
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NOTE 1 Definition adopted from IEC 62127-1.

NOTE 2 Temporal-peak acoustic pressure is expressed in pascal (Pa).

3.42

treatment head
assembly comprising one ultrasonic transducer and associated parts for local application of
ultrasound to the patient

NOTE Definition adopted from IEC 60601-2-5.

3.43

ultrasonic transducer
device capable of converting electrical energy to mechanical energy withinnthe ultrasonic

frequenc

NOTE De

3.44
ultrasou
acoustic
16 kHz)

NOTE De

3.45
ultrason

purposes

NOTE De

4 List

Agcs
Agcs(0,3

ABCS&NZ

AR

y range and/or reciprocally of converting mechanical energy to

inition adopted from IEC 62127-1.

pscillation whose frequency is above the high-fred

inition adopted from IEC 60050-801 (1994).

AERN

und to a patient for th

ctricalendrgy

nd (about

brapeutic

mum, zy

Nominal'value of the effective radiating area of a treatment head

Fac

Geometrical radius of the active element of a hydrophone
Geometrical area of the face of a treatment head

Maximum hydrophone effective radius defined by IEC 62127-3
Unit area for a raster scan

Minimum radius of a target for a radiation force balance

Speed of sound in water

Acoustic working frequency

Conversion factor to convert Agcs(0,3) to Agr
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I Effective intensity

Im Temporal maximum intensity

k (= 2xn/2) Circular wave number

m Active area gradient

M End-of-cable loaded sensitivity of a hydrophone
P Output power of a treatment head

Pim Temporal-maximum output power O\
Pp Temporal-peak acoustic pressure

Pmax Maximum r.m.s. acoustic pressure

Prms RMS acoustic pressure

pms Total mean square acoustic pressure

pmsi(z) Total mean square acoustic pressure(det

0 Active area coefficient

R Ratio of the peak r.m.s. aco

averaged over the beam cyo

RBN Beam non-uniformity ratio

S

S(2)

U

Ui

Up

z 14 beam

z Distance from the face of the treatment head to the measurement plane
(perpendicular to the beam alignment axis) of interest

ZN Distance of the last axial maximum from the face of the treatment head

Zp Distance of the peak r.m.s. acoustic pressure from the front face of the
treatment head

A Ultrasonic wavelength

Yo, Density of water

Uncertainties are specified throughout this standard at the 95 % confidence level.

5 Ultrasonic field specifications

In addition to the general requirements specified in IEC 60601-1 and specific requirements
specified in IEC 60601-2-5, manufacturers shall specify nominal values for the following
parameters in the accompanying literature for each type of treatment head:
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— rated output power (£20 %);
— effective radiating area (Aggy) of the treatment head (+20 %);

— effective intensity at the same equipment settings as the nominal value of the rated output
power (30 %);

— acoustic working frequency (£10 %);

— beam non-uniformity ratio (Rgy) (30 %);
— beam maximum intensity (30 %);

— beam type;

— pulse duration, pulse repetition period, duty factor and the ratio of the temporal maximum
output power to the output power for each modulation setting (£5 %); /= >\

— modufation waveform for each modulation setting.

The numpers given in brackets are the tolerances defining the range ?Jes for
the results of either the type testing reference measurements s i or the
routine neasurements specified in Clause 8. If the published td annot be
met, then the 95 % confidence level that is achievable shéu then be
demonstiated that the reported value, when incorporated wi produce
the ‘worpt case’ value, remains with the range of cified in
IEC 606(1-2-5, and on which guidance is provided i

The tempe range of
line voItaF[;

For ultr ing 8 atment head capable of opgrating at
more th bd above
shall be 3

In additign, for ultrasphij i s eguipy nt head,
the parameters listed ead and
treatmerit hea

NOTE This docume 60601-2-5.
Guidance d

6 Con

6.1 G<e

All meas ns at a
temperat

If measurements are carried out at any other temperature, a test shall be undertaken to show
that the results, determined in accordance with 7.6 and 8.3, are not dependent on the
temperature at which the tests were undertaken.

Degassed water shall be used for the measurement of ultrasonic power, see 7.2. Degassed
water is not essential for the hydrophone measurements, see 7.3.

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 may be found in
IEC 61161, and in bibliographic reference [10].

All measurements shall be made after the warm-up period specified by the manufacturer. If no
such period is specified, a period of 30 min shall be used.
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6.2 Test vessel

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

The relative position and angular orientation of the treatment head and hydrophone should
be adjustable for the purposes of alignment in accordance with IEC 62127-1. Full degrees of
freedom of movement of both may be provided, although the minimum requirement is that
either the treatment head or the hydrophone should possess three independent degrees of
translational movement. The measurements should 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 atbsorbers or angled

reflector(s) and absorber(s) of higher absorption and lower scatter. Thg |free-fi nditions
will be met sufficiently when the overall echo is reduced by mor Various
methods |can be used to check the compliance for echo reduction [ aterials
used. Onje example to check the absorbing or scattering material
Compliance for overall echo reduction of an acoustic absotbex may- e sheckéd using the
following|procedure. Echo reduction should be measured &t the>a sotstic wo equency
of the treatment head under test using tone-burst dcoustic l[absorber
located [n the far-field of the separately drive resulting
hydrophpne signal (peak-to-peak or rms), produce j om the front qurface of
the acou 3 alperfect planar reflector, \Ureflector-
The acol near normal to the beam
alignment axis but angled so that the xefles{es y intercepted by the hydrophone.
The echd

|:Uabsorber} (5)

Ureﬂector

A stainlg Qi ickness 25 mm may be used to provid¢ a good
approxim 9
Complian { elo freerfield conditions is checked by noting the invariance of
the prodd . ompleting the measurements specified in Clause 7.
NOTE Fo Multrasound reflected back to the treatment head may affect output power,
particular& tances, an
improved h textured
surfaces.
6.3  Hydrophone

Measurements of effective radiating area shall use a needle hydrophone, with the active
element made from either polyvinylidene fluoride (PVDF) or piezoceramic (PZT). 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 ampax
so that:

Mamax = 2,5 (6)
NOTE For more information on the use of hydrophones, see IEC 62127-1.

6.4 RMS or peak signal measurement

The measured end-of-cable voltage, U, at the hydrophone shall be related to the
instantaneous acoustic pressure, p, by:
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p = UM, (7)

where M| is the end-of-cable loaded sensitivity of the hydrophone. However, in practice,
the absolute values of the acoustic pressure are not required as the analysis of measured
data throughout this standard is based on relative hydrophone measurements.

Subsequent reference to acoustic pressure will refer to the r.m.s. acoustic pressure for
convenience. In fact, measurements may be based on either r.m.s. or peak-to-peak acoustic
pressure providing, whichever is used, all measurements are based on the chosen method of
measurement.

NOTE Distortion caused by nonllnear propagatlon effects is usually negllglble in which e the peak acoustic

pressure is ure or the

temporal-geak acoustic pressure can be measured.

The linegrity of the response of the combination of hydrophone, | 9 4 ifier and

the rms gr peak detection system shall be determined and, if appropxiate, © ion all be

made to the measured data.

Compliance for linearity is checked using a separate rating in

tone-burgt mode and measuring the signal receiveg easuring

system afs a function of voltage excitation applied to the

7 Type testing reference procedu

7.1 Ggneral

The prog e testing

referencg values for the para

NOTE Any ultrasonic ph tput of the
should be

ultrasonic|transducer in
configured |so that t@

7.2 Rdted outpu

Output lrase physiotherapy equipment shall be determined in
accordarce v 3 ated output power shall be determined by setting al| controls
of the equi ~ ne maximum output power. To avoid cavitation, degasded water
shall be c A the output face of the treatment head and the entrance of the power
measurement \ste Ove all uncertainty of measurement expressed at the 95 % c¢nfidence
level sh : d" (see 9.1) and should be better than £15 %. Measuremenis should

be traceable\to~npational measurement standards. The absolute maximum rated output
power shall/be ermined from the sum of the rated output power and tht overall
uncertainty in the mean value of the measured rated oufput power and the maximum
increase in the rated output power for a +10 % variation in the nominal line voltage.

See Annex F.

7.3 Hydrophone measurements

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

Some treatment heads are known to produce reproducibly asymmetrical beams. In these
cases the treatment head shall bear a mark on its housing identifying the direction yielding
the maximum deviation of the value of the beam cross-sectional area determined from
individual half line scans relative to the mean value, in both planes of measurement. One of
the hydrophone translational axes shall be parallel to this direction (see 7.4.3).
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All measurements of effective radiating area should be undertaken with the equipment set
in continuous wave mode at intensities less than 0,5 W/cm?2 to avoid cavitation. Degassed
water is therefore not necessary for these measurements although care should be taken to
ensure 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 probe
hydrophones used. The validity of extrapolating these values to higher power levels more typical of therapeutic
treatment is demonstrated in Annex G.

NOTE 2 To reduce the likely effects of acoustic reflections on the received hydrophone signal, it is permissible to
make hydrophone measurements with the ultrasonic physiotherapy equipment operating in tone-burst mode
producing an amplitude modulated wave. If measurements are carried out in this way, it should be demonstrated
that the derivation of the measured parameters from the amplitude modulated wave acoustic field are equivalent
to those determined in the continuous wave case. The effect of making measuren’?ms\si\? the amplitude
modulated wave acoustic field case on the uncertainties in the nominal values of the parapheterd\isted in Clause 5
should alsd be assessed.

The beam alignment axis of the treatment head shall be establisk i ce with
IEC 62127-1. The second plane surface (see 3.6) should initially be xhosehas A). If it
is not pgssible to locate a single peak at or close to this djstance igtance of
24grN/(nh) should be chosen. If this latter distance is too la surement
plane sufficiently far from the first in order to establish réliab 1— peam\alignment axis.
Once aligned, an axial plot shall be performed along am-aNgnment axis| and the
distance |of the plane of maximum r.m.s. acoustic p e position df the last
axial maximum, zy, shall be determined.

The step|size of the axial plot should shall not
be greatgr than 2 mm.
The acolistic working frequency sh stance zp

from the freatment head.

With the|hydrophone ce, the pulse duration, pulse rgpetition
period apd duty facto 3 ' e modulation waveform shall be|recorded
for the dfferen othi e equipment. The quotient of the tempqral-peak

acoustic| pressvt pressure shall be determined for each mpdulation
setting. The tempoya puf power shall then be determined using the output
power degtermine

7.4 Ef
7.41 4
Effective i AgR, of the treatment head shall be determined by undertaking a
raster sc acoustic field in a plane perpendicular to the beam alignment axis at a
distance ; m the output face of the treatment head, using a hydrophone. From this

scan, the effective radiating area of the treatment head is derived from the beam cross-
sectional area, 4Agcs. The general requirements for raster scans are given in B.1 and B.2.
The actual procedure for the reference measurements and the analysis of the results are
given in7.4.1 to 7.4.7. Under normal test conditions, the results using the test methods
described should produce an overall uncertainty in the determination of effective radiating
area (at the 95 % confidence level) of £10 %.

For the determination of the beam non-uniformity ratio, Rgy, under normal test conditions,
the test methods should achieve a measurement uncertainty (at the 95 % confidence level) of
less than £15 %.

7.4.2

With the hydrophone at distance z,, the position of the hydrophone shall be adjusted in the
plane perpendicular to the beam alignment axis to determine the maximum r.m.s. acoustic
pressure, pmax, in the field.
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This may be done by carrying out a raster scan over a limited region of the acoustic field or it
may be done by manual translation.

743

The beam 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, zN. The analysis of the raster
scans shall be carried out in accordance with B.3. The analysis yields the beam cross-
sectional areas, 4pcs(0,3) and Apcs(zy) and the total mean square acoustic pressure,
pmst, at each measurement plane.

7.4.4
The actiy shall be
determin
7.4.5
The bearn type shall be determined from:
0>0,1cm!
-0,05cm~'<0<0,1cm™! (8)
7.4.6
The effeq DWS:
(9)
NOTE Stydies hayé show i nrealjstic’ values for treatment head effective radiating area can
occur whef applying sar ® ati treatment
heads. The¢ analysis de i PN hsurements
made in a plane at a ;N Ily realistic
data.
7.4.7
The beq
— (10)
PSS
where
— 1
pmsts2 =E{[pmst (0,3)S2 (O,3)]+ [pmst (ZN )s2 (ZN )]} (11)

NOTE Although pnhax and pms; are referred to as acoustic pressure or pressure-squared parameters, only their
ratio is required for the determination of Rgy, hence the end-of-cable loaded sensitivity of the hydrophone is
not required.

The product pmsys? 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 zy. It should ideally be invariant with the distance from
the treatment head.
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7.4.8

The procedures given in 7.4.2 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.

7.5 Reference type testing parameters

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

— rated output power;

— effectiveradiatmygarea(Agg)of thetreatmenttead;
— effective intensity (1) at the same equipment settings as the rg
— agoustic working frequency (f);

— the distance of the peak r.m.s acoustic pressure from
head, (zp);

— bgam non-uniformity ratio (Rgn);
— begam type;
— pulse duration, pulse repetition period and 3Cf ] ing;
— mpdulation waveform for each produlati

NOTE This set of parameters could be used for the™u i le piece of
ultrasonic|physiotherapy equipment.

The valyes shall be the mean valu ‘ 3 B overall
uncertainty at the 95 % <on{i methods

specified|lin Annex J.

In additid shall be

determin

The absd
confiden

ljating area shall be determined by subtracting|the 95 %
effective radiating area from the mean vallyie of the

The ab@ imum keam non-uniformity ratio shall be determined by adding [the 95 %
confiden rtainty in the determination of the beam non-uniformity ratio to the
mean value ofiie beam nhon-uniformity ratio.

7.6 Ac

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:

— rated output power;

— effective radiating area (4gRr) of the treatment head;

— acoustic working frequency;

— pulse duration, pulse repetition period 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.
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Compliance is checked by measurement in accordance with 7.2 to 7.4.

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 ¢f certain acoustical
parametdrs, which shall then be compared with the manufacturer's de ed vamﬁ(nominal
values) gnd their tolerances, where appropriate, given in Clause 5.

8.2 Rdted output power

The ratedl output power of the equipment shall be determjr 2.

NOTE Although not a requirement of this document, ascertaining imtegral part

of calibrati¢n: see IEC 60601-2-5.

8.3 Effective radiating area

8.3.1 Tme treatment head is set up In However,
alignmenit of the treatment head may b hold the
treatmernt head under test in an orien b testing.
It is anti¢gipated that an appropriate accepts

the treatment head and ine bation of the front face in relatipn to the
translatignal axes of the

NOTE The¢ aim here is to|allo e 3 Euch a way
that the oripntation h : a
8.3.2 A|full axial*pld pcate the

positions

833 T al area shall be determined in the plane at a digstance of
0,3 cm fr| 6 atment head by carrying out a raster scan as describged in 7.4.
The beai wectional area at zy shall also be determined, and may be derivgd from a
raster s i rdance with the requirements of Annex B, or by using fouf line or

diametridal scans. The measurement and analysis procedures used for determination| of beam

Depending on whether a raster scan or line/diametrical scans are used, the procedures given
in Annexes B or C shall be used to derive values for 4gcs(0,3), 4gcs(zn) and the total mean
square acoustic pressure, pms;.

The effective radiating area, 4gR, in centimetres squared, shall be determined according to
7.4.6.

8.3.4 The effective radiating area, 4gr, may also be estimated on a routine evaluation
basis through an alternative experimental method that uses a radiation force balance in
conjunction with circular apertures, formed by an ultrasound attenuating material. 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 I.
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NOTE The value derived for the effective radiating area using the aperture technique should be considered as
an approximation to the true effective radiating area that would be derived when carrying out the procedures
described in 7.4.

8.4 Beam non-uniformity ratio

The beam non-uniformity ratio, Rgy shall be determined according to 7.4.7.

8.5 Effective intensity

The effective intensity shall be determined according to 3.17.

8.6 Acceptance criteria for routine testing

The rande of rated output power defined by the measured rated o We\raglus and
minus the 95 % confidence overall uncertainty for the routine measu rated output
power (4ee 9.3), shall be entirely within the range of values defig u}turer's
nominal yalue for the rated output power and its tolerances ce with
Clause 5

Complian

The rang rea plus
and mind ffective
radiating facturer's
nominal ¥ grances| specified in accordance with
Clause 5

Complian

The rang g and minus
the 95 % tve_routine measurement of effective iFtensity,
shall be ¢ntirely ined by the manufacturer's nominal value of the

effectivel inten
Complian

The valu
the routi
nominaly

rtainty in
al to the
5.

Complian

9 Sampling and uncertainty determination

9.1 Reference type testing measurements

The mean values for reference type testing specified in 7.5 shall be based on a sample batch
of at least 10 nominally identical units of the ultrasonic physiotherapy equipment.

9.2 Routine measurements

The routine measurements are to be undertaken as the basis of good manufacturing practice.
Normally, they would 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 would be
undertaken on a certain percentage of production but, exceptionally, could be undertaken on
each manufactured unit of ultrasonic physiotherapy equipment.
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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.

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 determme the 95% confidence overall uncertamty of the
measuremen D | dncéxta analysis

S
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Annex A
(informative)

Guidance for performance and safety

A.1 General

The clauses in this annex reflect the established approach on acceptable values of a few
safety related parameters.

A 2 R-ul-n:-l ottt nowoer
. PO OTUTPOUtT pPoOwWeT

The rated output power should not vary by more than +20 % fo mains
voltage pf +10 %. Manual readjustment of the equipmen }h this
requirement is not permitted.
Compliance should be checked by measurement of the cordance
with 7.2 at 90 %, 100 % and 110 % of the rated valug© \ e ample, if
the physiotherapy unit has a rated mains voltage of 230 » < b ghould be
checked pt mains voltages of 230 V £ 10%.

NOTE The¢ term ‘rated’ is def|ned in 1IECL6060 -1 as “‘va < the manufacturer to |a quantity
characterisfi i 8 ifies a useable voltage on the back of a
therapy un E .k er-odtput must be checked for yariation at
90 %, 100 v there

A.3 Effective intensij

The absg@lute maxim s d be less than or equal to 3,0 W/cm? [1].
Compliance is the absolute maximum rated output power in
accordarice with 772/& m effective radiating area in accordance|with 7.4.

A4 B

A.4.1 4

The absq imum~beam non-uniformity ratio should be less than or equal t0(8,0.

Compliance.is checked by measurement in accordance with 7.4

A4.2 Rationale behind using a limiting value for the beam non-uniformity ratio
(RBN)

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 result in excessive heating in small regions of the tissue being treated,
arising in potential harmful effects to the patient.

At the present time, therapeutic transducers are not designed to provide highly localized
tissue treatment. Consequently, the transducers addressed in this standard are planar. The
characterization of focused transducers capable of generating high intensity beams which are
being used in therapeutic applications will be the subject of future standards.
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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 provided by the beam non-uniformity ratio (Rgy). The Ry parameter
represents the ratio of the highest intensity in the field to the average intensity, as indicated
on the physiotherapy device.

From theoretical calculations, using an ideal plane piston source, the Rgn can be estimated.
For a plane wave approximation, pressure and velocity are in phase, the ratio between the
time-average intensity distribution (/) in a field and average intensity of the piston source if
there were no acoustic interferences (/,) is given in Figure A.1[2]. Following on from the
previous discussion, this relation also represents the Rgy, and it follows/thatyon theoretical
grounds,|the maximum value will be 4. Even when the pressure and re not in
phase, rgpresented by the true intensity (/), the maximum is 4 and wj ne near-

field lendth (s = 1 in Figure A.1). From the distance of about one tfans radius,
(x/a = 1),|back to the element itself the maximum ratio will decrease of the
order of 2.

The actupl determination of the Rgy may be performed using a™k following
it will be shown that a calibrated hydrophone is not ne i i nethod of
determingtion.

In a plarle wave approximation the reta |on be i is given by:
I = p2/ pc, where pc is the specific acs \ i be used
within the¢ near field, in particular at dist radius of
the treatment head. In most cases th ces than
the treatf esults in
relatively| small inaccuracig

received
Indard as

As it may be assumed
acoustic [pressure, the

follows: Q

The highgst intensi

(A1)

4

The quarti d in the main body of this standard, is given by

pms, = Z* (A.2)
i=1 ML

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:

__acoustic power _ A, pms,
sata — -
Aer pe Agg

(A.3)

The expression for the Rgy, given as the ratio /spia/lsata, may then be derived as:
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Uj Aer

Rgy =

= < (A.4)
4, (Zj)z Uiz(Zj)
i=1

The denominator is related to the total output power, derived by a summation of the
intensities over the acoustic beam.

In the above equations, the parameters are as follows:

Up is the maximum value of the hydrophone voltage;
Ui s the hydrophone voltage at the ith point of measurement: VRN
M s the end-of-cable loaded sensitivity of the hydrophone;

pmst s the total mean square acoustic pressure;

P s the density of water;

c s the velocity of sound in water;

Ao s the unit area of the scan (4, = s2 for a raster sca );
N s the total number of measurement points i

AER s the effective radiating area;

z s the distance from the treatpient head, to ' 1.

Figure AJ2 illustrates a histogram in whis
are presénted for 37 different treatme

occurred|when the values of Rgy are separated. i
to be in the range 3 to 7, bu{ some randu
considered to have a highk Rpg

equation
e values
of 0,5. Normally, the RgpN appears
BN > 8 are shown and thesp may be

The limit LG i ifted in this International Standard for the |following
reasons:

— in the dose (output, duration and frequency) used|is based

or ekdving normally, following theoretical expgctations.

catment is currently difficult to define. Accordingly, a

re gN value of four is appropriate. Relaxing the theoretical value
of] ems to be quite reasonable. As can be seen in Figure F.2, for
r¥ ractical transducers, Rgn values less than eight can r¢adily be
a

—  ph rapists have no current requirement for a focused transducer. If a trfansducer
is eRpn Will easily exceed the value eight;

— from a quality point of view, taking the theory into account, there is no justification at
all having a Rgn greater than eight;

— it can be calculated that a Rgy value of 8,0 (limiting value) results in @ maximum
pressure at the maximum allowed output setting (3 W/cm2) in the range of 1 MPa, a
spatial-peak temporal-peak intensity (/spp) of 48 W/cm2 and a spatial-peak temporal-
average intensity (/spta) of 24 W/cm2. It can be expected that higher values cause
unwanted biological effects.
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X: Rgn
Y: Number|of transducers

U€s for 37 treatment heads
and frequency

NOTE Th 5) hasibeeh disptayed against its frequency of occurrence.
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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.
gnment

not be a

B.2 Requirements for raster scans

B.2.1 AJl raster scans shall be square grids with the central/foin
axis and in a plane perpendicular to the beam alignment aXxis.

continuonnl:s motion but shall be performed in discrete step or peak
voltage mpeasured at each point.
NOTE Wi number of
measured points on each line.
B.2.2 The boundaries of the raster S 2 < 0’ensure that the signal level
at any part outside the scanned bound i , However,
for treatment heads having zy < 13 cm n should
be at least 32 dB below the peak sign
NOTE Inifial measurements are usua S i b eeds to be
taken to ensure that local di 9 i 3

igh such

B.2.3 The spaci

there arg at Iea@ e full width of the raster scan (the rapter scan
will therefore constit least 31 x 31 points). See also B.3.2.
B.2.4 Duri O, ras Pre drophone may be scanned to a distance from the centre
of the ultrasonis.be g W0 signal is obtained above the noise. To apply a corfection to
the integfal © . ¥ hydrophone signal to account for the contribution|from the
noise, the i shall be subtracted from the measured signals in the|following

manner. signal at each measurement point is U,, then the hydrophone
signal aft for’the contribution from noise, U’ is:
T =torTa (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.

B.3 Requirements for analysis of raster scan data

The two-dimensional array of data values obtained from the raster scan shall be analysed in
the following way.
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B.3.1 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
pmsy = > UL/ M? (B.2)
i=1
where
N is the total number of points in the scan;
U is threvottage(either peak or s of the=thpoimtimthe—scam;

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

NOTE Thé end-of-cable loaded sensitivity of the hydrophone has been
Equation B}1 to convert the measured voltage to acoustic pressure. Howeve
introduced finto Equation B.2, its absolute value is not required.

%ence in
en pms; is

The valugs U; are sorted into a set in descending order _(either temporal peak) in the
scan. A decond summation shall be performed to fi : following
two relatijonships:

B.3.2 Calculation of the beam cross-sectional area, *

(B.3)

then given by 4g X n where Ag is the |unit area
, in centimetres, between successive points
ectional

The valug of 4 in
of the rasgter sc 0
in the scan, i.e. the 8

area in th

For relia nation of

Agcs, sh



https://iecnorm.com/api/?name=e0843915606a02b2fa5c492998ada42a

61689 © IEC:2007(E) - 33 -

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 may
be performed using diametrical or line scans. The term line scan will be used within this
annex. If line scans are used then the procedures and analysis methO}ie\dQscribed below
shall be ys&d:

C.2 Requirements for line scans

C.2.1 Tpe central or common point of the four line scans sh i ignment
axis. Th¢ relative angle of the scans shall be 45°, iR . ivide the
plane petpendicular to the beam alignment axis into ejght equal a

C.2.2 The scan shall not be a continuous mot|on bu i i discrete
steps pefpendicular to the beam alignment aX| ‘ . : brated by
the hydrgphone being measured at ea i

C.2.3 Tpe boundaries of each full-Ji ~ be sufficiently large such [that the
hydrophpne signal level at the edge ative to the peak level obtained, shall
be at leagt 32 dB below the.peak level.

C24 T
scan con

I the line

NOTE Ea¢ e assumed

to be identi

C25 T
noise in a

uence of

C.2.6 S \ ze, each
containing N . i i i but not
generall

C.3 Analysis of line scans
The individual line scans will be analysed in the following way.

C.3.1 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, [4], of data points
sharing a common point on the beam alignment axis and having (N — 1)/2 other points.

C.3.2 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.

C.3.3 For the measurement point which lies on the beam alignment axis (designated the
i=0 point) the contribution to such an area will be 4, given in centimetres squared, by:
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A = (C.1)

where s is the step size in centimetres (for diagonal radial scans derived from raster scan
measurements the step size will be sV2).

C.3.4 For all of the other elements of the half-line scan, from j=1 to (Ny - 1)/2, the
contribution to the scan area will be annuli of thickness s. For the j-th measurement the
corresponding annulus area, AJ-, will be given in centimetres squared by the expression:

4, =ns2Hi+lY—(i—ﬂﬂ T~
2, C 2/ ]

— o2

A;=2njs (C.2)
C.3.5 Tp calculate the beam cross-sectional area, the afea~q annuli from j = 1
to (N1 — [1)/2 shall be broken down into multiples of the i ea #o. By djviding 4;
given in gquation (C.2) by 4, given in equation (C.1 i nulus is

comprised of »j units of the smaller area, such that:
(C.3)
C.3.6 Uping this expression, the original one-dimensignal array representing the |ine scan

ay [BYthe elements of which are[shown in
Table C.1.

e transformed array [B]
is of half-line scans

stitution
r thevana

M aasuremM tage squared Number of element$ in
array [B] of valug
2 2
N\ G Y
; 2
U, 1
2
U, 8
2
U, 16
J = (N, = 1)/2 (last point in scan) U? [(N1-1)/2] 4(N,-1)
NOTE The jth (j > 0) point in the half-line scan array [4] is represented in the new array by 8; elements of the
original voltage-squared values. The new array will contain N12 elements.

C.3.7 To evaluate the beam cross-sectional area the total mean square acoustic
pressure, pms;, of the half-line scan is required. This is given by:

1 1 & . .
pmst = 2[]02 + 2 z 8 ] sz (C4)
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C.3.8 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 n.

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.

C.3.9 The beam cross-sectional area, Agcs, of the half-line scan in centimetres squared is

nws’

given by 4 . = where s is the step size in centimetres.

C.3.10 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 mteasurement plane z, the standard deviation, o, of the distri n f}ai Cross-

sectional areas for the eight half-line scans shall be determined fro
1 8
5 _ -
o~ = 7 (ABCSJ (Z) - Ascs (C.9)
j=1
where
Acsj(7 line scan in thg plane at
Ascs(z
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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 have to be reliable and accurate.

Since thi most appropriate indication of effective intensity is a spat|al b derived
by dividing the output power by an area, the use of an intensity ind the need
for a wel| defined area. This area should be seen as that part of a b\{o - the
applicator, through which almost all of the ultrasound power passe i i in this
standard|as the effective radiating area.

A treatment head used in ultrasonic physiotherapy equi 20 satains trasonic
transduger consisting of a piezoelectric active eleme ich~d g a metal
face platg. Since this piezoelectric element does not vibrate with th i b over its
entire syrface, it is not sufficient to speC|fy be 3 i A of the
piezoelegtric element. The actual isNdetermined dire¢tly from
hydrophpne measurements.

The parameter beam cross-sectional area, in this standard, is the area
termediate step in the pifocess of

determing spresens\an Iy
deriving the effectlve radia ea. eCified in this standard repregents the
outcome asurements and theoretical calculations, to provide a

useful definition and a

Any method us 2 3 ss-sectional area should not be too sensitive to
local inomogeneities onic beam. During an evaluation of u|trasonic
physioth ipme W

area in
contribut
maximun i
results.<

The pres

jon used in the US FDA standard (which tpkes the
all areas where the intensity is greater than 5|% of the
[9] produces, for certain ultrasonic beams, very igaccurate

f a typical treatment head with a small geometric radiafing area,

having a proximately 17, where k is equal to 2n/4 and a is the geometrical [radius of
the activ the ultrasonic transducer used in the treatment head, is| given in
Figure D 4—trrthis—distributiomthremraximom pressure decreases |apiu'iy withdistanmce from the

face of the treatment head.

To investigate the effect of the beam characteristics on the defined areas, the limit levels, 5 %
of the maximum intensity for the FDA definition and 75 % of the sum of the total mean
square acoustic pressure for the IEC definition, are explored more widely. Figure D.2 shows
the variation of beam cross-sectional area measurements (IEC) and effective radiating
area measurements (FDA) with the limit levels for a set of measurement planes close to 5 mm
from the face of the treatment head. Results for five measurement planes are shown, the
total separation from the 5 mm plane being £0,5 mm with a spacing of 0,25 mm between
measurement planes. Figure D.2 shows that the effective radiating area, following the FDA
definition, is very sensitive to the measurement position. It also shows that if another limiting
level is taken, greater than the 5 % required in the FDA definition [9], this results in an
increased sensitivity of the effective radiating area to small errors in the position of the
measurement plane, i.e. the slopes of the curves shown in Figure D.2 for the FDA definition
are greater than those for the IEC definition. The smooth character of the curves for the IEC
definition is also evident from Figure D.2.
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Treatment heads used in physiotherapy are of various frequencies and diameters and may
typically have ka values in the range between 17 and 150. In Figure D.3, the typical behaviour
of the beam cross-sectional area as a function of different limit levels is plotted for some
treatment heads with ka values in this range. Although the ka values for the different
treatment heads differ considerably, the shape of the curves seems to be similar.

Instabilities in the pressure measurement, e.g. caused by thermal drift or inhomogeneities in
the water path, can be seen as instabilities in the limit level. The effect of this instability in the
pressure measurement on the calculated beam cross-sectional area is complex and
depends strongly on the beam shape. The effective radiating area derived from the FDA
analysis is very sensitive to these instabilities as it depends critically on the reliable
evaluation of a single maximum level. This is not the case using the IEC definition, which
exhibits a relative insensitivity to the peak value acquired in the scan. Thig'is demonstrated in
Figure D3 from the 75 % limit used in this standard.

carried dut using a circular piston source with radius a = 4A,
small transducer, and a point receiver, are presented in the
Figure D}J4. These depict the variation of effective radiati 2
area for jncreasing distances away from the treatment head.

head separation has been normalized to the acoustic v

range ofl frequencies currently used in physiothérapy

sectional area value (effective radiating area initi rmalized
relative the actual element size. A : Ss-sestional area follqwing the
new defipition shows some variation with 1 , iItNS clearly less depgndent on
the beam characteristics than the i i ga calculated from the FDA
definition| [9].

These Erperimental conclusions are confirmed by theoretical

valized beam cross-sectiongl area is
calculate sed covers the whole range of sizes of
ultrason : nt heads of ultrasonic physiptherapy
equipment. Although| tF i igure D.5 only present results obfained at
distances \ the ultrasonic transducer, the behjaviour is
represen at other distances. From Figure D.5 the same
general as from Figure D.4: the beam cross-sectiohal area
definition ifiec Ol tanda dvis less dependent on details of the ultrasound beam
profile th inii ad imthe FDA standard [9].

In other ¢

4
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X: z directipn, along the beam axis
Y: x directipn, parallel to transducer front
X, Y, scale| 5 mm / division

Higure D.1 — Iso-p
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ctional area against different limit valu
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values for five transducers of different ka values, z = 0,5 cm
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X: z/A,
Y: Agcs (MM?) 1 following FDA standard
2 following IEC standard

NOTE Th
and true el

vavelength

Y

2,0

1,5

1,0

0,5

0,0
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o
é
N
o
[e2]
o
@
o

IEC 1363/07

X: ka

Y: Normalised beam cross-sectional area Agcg
A: following FDA standard
B: following IEC standard
1:atz=5mm
2:atz=dmm

Figure D.5 — Variation of the normalized beam cross-sectional area (4gcs)
with transducer ka

NOTE Calculations have been carried out at distances of 5 mm and 2a from the treatment head.
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Annex E
(informative)

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

This standard requires the effective radiating area, AgR, to be derived from the beam cross-
sectional area close to the face of the treatment head, Agcs(0.3). The beam cross-
sectional area, Agcs(z), is defined as the smallest area contributing 75 % of the total mean
square acoustic pressure.

When a pressure
distributi efinitions
lead to the following relatlon

(E.1)
From theg i [ iew, i . i adel is yseful for
values ka S c 5-georn us of the
active element of the treatment head). With smaller * 8 , qiffraction
effects w imypli ill fail.
In order [to obtain a realistic estimaté i L in what
follows), S ' nite size
receivers of radius 0,25 mm and 0,5 MHz, 2 MHz and 3 Hz. For
transducegrs of small effective radii ( d arly at low frequencies, the beam will
diverge t isti e effective radiating area may be
made. In|practice, beca ¢ atmnt heads exhibit effective radji smaller
than 4 mm, the calcul \ adii 24 mm. In the computer sinpulations,

the ka prpduct covers ely 16 to 160. The calculations follow exactly

the definijtions mentio
Figure E|1 shows:

calculatef is Fgc
field model.

in the range ka = 40 to ka = 160. The mdan value
close to Fyc = 1,333, valid for the simplified sound

NOTE Fo d (86 points), the standard deviation in the mean value is approxinjately 0,09.
This vaIuZ i Tyre B evaluation of the uncertainty in effective radiating area.

A study igd out on a large sample of small ka physiotherapy treatment
heads [8 have efined the approach described in Subclause 7.4 for determjining the
effective rea, whereby raster scans are carrled out in a plane at a distance of
0,3 cm from tt ' i mtt F f ' m_produces

Agcs(0,3) values WhICh may be muItlpI|ed by the same F,. value (1 354) to derive the AgR,
independent of the ka value of the treatment head.
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Annex F
(informative)

Determining acoustic power through radiation force measurements

This standard requires the declaration of the rated output power. As stated in
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.

7.2, the

The most important part of a radiation force device is the target. It must be large enough to

cover the

whole ultrasonic field. Subclause 5.3 of IEC 61161 gives formula§ forcalcu

ating the

minimum
IEC 6116
head. Th
field app
understo
the dista

It should
head unqg

value of the target radius » as a function of the target distan (referred
1), the wavelength and a4, the effective radius of the active g
e formulas given in IEC 61161 are based on theoretical ¢
roach [5]. Table F.1 shows some typical results. The
bd as the radius of the largest cross-section of the ta
nce of that cross-section from the treatment head,

be noted that the results given apply to a piston fields that the t
er test does not behave like a piston. It is ;

o as x in
reatment

piston
uld be

igtance as

reatment

led to also fnake use

of the information contained in the measuremel s pf,the™heamcross-sectiohal area,
Agcs(z). An equivalent radius beq can besdeterm G

(F.1)
NOTE If A metres
If 2 beq i ordance with IEC 61161 and T|able F.1,
then 2 b4
Bubbles |in wac - sltrasonic waves and can lead to errors in
measurements. e efore |mp tant to use only degassed water in measurements on
physiothgrapy devje SN\ ake sure that (a) no bubbles are present on the
transducer and 1 S and b) no bubbles appear during the measuremgent as a
consequénce of i poténtial of high-intensity ultrasound (see IEC 61161 and
bibliographi

AIthougﬁ

equipm

iptherapy

mpliance

ifed. One

position

ion 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
n the target weight and the kind of target suspension (see 5.6 of IEC 61161).

power, o
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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, a4,
and the target distance, z, calculated according to 5.3 of IEC 61161 (see [5])

Effective radius a4 of
the treatment head

Ultrasonic frequency f

Target distance

Minimum target radius

cm MHz cm cm
0,5 1 0,5 0,77
2,0 1,89
4,0 3,54
6,0 523
1,5 1 25
2,
2,
x (05
0,5 3 > 0,75
1,02
1,67
2,36
1,5 3 5 2,25
Q} 2,0 2,25
4,0 2,25
r (¢ 6,0 2,25
@ W
<®%
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(informative)
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The validity of low-power measurements of the

beam cross-sectional area (Agcs)

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? or less

(see 7.3). Measurements at low powers are required to prevent

damaging the probe

hydrophones used. Table G.1 presents the verification that values of beam cross-sectional
area obtained at low powers are valid at higher operating powers employed for physiotherapy
treatments. The table illustrates measurements made using a polyvinylidgne fluoride (PVDF)

membrane hydrophone of the differential output type for various po d by the
physiotherapy unit used. The treatment heads were both 1,5 MHz diameter
2,8 cm; was operating normally whilst B was characterized ag a pRsducer
exhibiting a large axial peak at 2,9 cm. The measurements for.the\seto r were
made in this plane.
Table G.1 — Variation of the beam cross-se
with the indicated output power from
Indicated power TrapsdycerjA’ Transducer|B?
w Aps(2) G Apcs(2)
chg? cm?

1,25 A~ N\l 2,99

5,00 | OO > 2,92

7,50 i /7 3,5 2,80

100 N N 48 2,79

125 [ N 3,51 2,80

60> 2 < 3,49 2,87

1) 1,5 MHz; diameter 2,8 cm;pcs deterpined at 4,0 cm
2) 1,5 MHz; diameger &, cgdeterminked at 2,9 cm; the distance of the maximum r.m.s. acoustic
presspre for this "hot s sd

The res \* Mﬂ show that the variation of Agcs(z) with power is gmall, no
more tha
This invdriance the’ beam cross-sectional area with output power may not be| valid for
some defective treatment heads. particularly those where heating occurs, although it is

anticipated that such cases will be rare.
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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, anax, Which may be used in any measurement situation:

1/2 RN

where

A is thelacoustic wavelength;

z is the|distance from the treatment head to the mes

aq is the

The prog radiating
area of ¢ e ace of the treatment head
and will M iten ’ ly to the
measure am non-
uniformi cy required of measuremenfis of the
effectivel radiating area, ) isk Lirements

of Agcs(4) and 4gR.

Measurements various
hydrophpnes Lirements
were magle using\g i a 4 mm
diameter| PVDF hy4d ceramic
hydrophdgne with/4 = 1,0 cm,
according to hydrophones are strictly too large by factors |of 4, 6,5

and 26 ylts displayed in Table H.1 indicate agreement |between
measure ween 1 % and 3 %.

With cur ilized physiotherapy treatment head frequencies and diameters, the most
stringent C 62127-1 criterion is for measurements close (z = 1,0 cm) to large
diameter eatment heads. Even in this case violation will be by no more thap a factor
of six to severmrfora—tmmractive etementdiameter hydroptone:

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.

Due to the concern over Rgy measurement accuracy, the criterion used in 6.2 of this standard
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
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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 (4gcs(z))
made using hydrophones of geometrical active element radii 0,3 mm,
0,5 mm and 2,0 mm

Hydrophone Measurement Treatment head-hydrophone separation, z
cm
1,0 2,0 4,0/\ 8,0
A ABcsgz) 2,00 1,97 / 4,07
agc=era’r;1|r$]m (cm"®) /\ Q
R 1,55 1,57 1508 69

C Agcs(?) 1,93 1,96 O
cerpmic (cm?)
ag=0,5mm \
R 1,68 / 1}9\ 7 he0 4.26
PYDF Apcs(?) 2,01 \2/,62 4,10

bilapinar (cm?)
menjbrane \ >
ag =|2 mm

2,04 4,33
1) The H values have been derived using the(avera edp Wb}luated in the specified measurement
plane. (9\

NOTE Measurements were éd\“{m}\wd}t four distances.
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Annex |
(informative)

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

1.1 General

This Annex provides details of a method of determining the effective radiating area (AER) of
physiotherapy treatment heads that utilizes a radiation force balance for measuring its
ultrasonic output power. Radiation force balances are widely available witfiimhospitals and it

is antici

for deter

1.2 Cpncept of aperture method

\¢ch

ted that this method could be applied as simple method of i

ining effective radiating area.

bcking of
ed as a

§nethod

The congept behind the aperture method is illustra , Where an
absorbing aperture is shown interposed between the treatment hea et of the
radiation| force balance, which in this case ig type (an
absorbing target could also be usg vithin an
acoustically absorbing material, whic , pllow the
effective [radiating surface of the treat ent 08 S eCtively reduced. The|resulting
reduction in power is measured using t balance. By masking off argas of the
ultrasound beam using a range of ap s istribution of the transmitted power
can be sampled. The aj {n” combination with the data|analysis
presented in 1.5, is to compute | wbich the majority of power is trapsmitted,
thus deriying a value f i area or Agr. In the remainder of thjs annex,
the term [aperture’ will e mask and the circular hole cut therein

IEC 1365/07

1: Treatment head
2: Water surface

3: Aperture

mask (1.3.2)

4: Radiation force balance target

Figure 1.1 — Schematic representation of aperture measurement set-up
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NOTE The diagram portrays a ‘vertical’ arrangement of radiation force balance with a reflecting target, although
alternative arrangements may be used (IEC 61161).

1.3 Requirements for the aperture method

1.3.1 Radiation force balance

Aside from the geometrical considerations of the need to be able to interpose the absorber
layer forming the aperture between the treatment head and the radiation force balance
target, the key aspect of the radiation force balance relating to its performance in measuring
effective radiating area lies in its reproducibility and resolution, which should ideally be
+0,01 W.

1.3.2 Apertures

1.3.2.1 Acoustic properties of aperture material

It is impdg i i Tk rbs\the output
power ge ti ¢ be such
that the:

o reflecti —-30 dB;
e transmission loss of ultrasound through the

both of th it head.
NOTE 1 d

NOTE 2 tured from
absorbing rubbers.

1.3.2.2 Aperture dig

Nominal faperture~dia effective
radiating area @ reatment
heads. The actualdia m.
1.3.2.3

It is impqg .| all other
power i pe on the
radiation reatment
head shq an or equal to 4,5 cm. The aperture mask can be held withl a holder
appropria wjth the particular radiation force balance, although it is importagt that no
acousticglly.reflecting components are positioned within the ultrasonic field. T

1.4 Measurement procedure for determining the effective radiating area

1.4.1 Power measurements made using the radiation force balance are carried out in the
usual way, by switching the drive to the treatment head ON and OFF in a predefined manner
(see IEC 61161).

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