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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
HE-003, Medical Electrical Equipment.

This Standard modifies, and has been reproduced from, IEC 61689:1996, Ultrasonics—
Physiotherapy systems—Performance requirements and methods of measurement in the frequency
range 0.5 MHz to 5 MHz.

Appendix ZZ lists the variations between this Standard and IEC 61689. These changes are indicated
by a rule in the margin against each clause affected.

As this publication has been reproduced from an international Standard, the following modifications

apply:

(a) Its number does not appear on each page of text and its identity is shown on the cover and title
page.

(b) The words ‘this Australian/New Zealand Standard’ should replace the words ‘this International
Standard’ wherever they appear.

(c)  Substitute a full point for a comma where it appears as a decimal marker.

In the text of this Standard, the following print types are used:

(i)  Requirements, compliance with which can be tested and definitions
................................................................................................................... in large roman type

(i) Explanations, advice, introductions, general statements, exceptions and references
.................................................................................................................. in smaller roman type

(iii)) Headings of sub-clauses and test specifiCations............cccuuiveiiiiiiiiiiiiiiiineeiii e, in italic type

(iv) Terms used throughout the Standard, which have been defined in Clause 3 and which are also in
(0TS 1 e (=5, SO IN SMALL CAPITALS

Some pages of the original, which relate to IEC administrative matters, are omitted from this edition.

The references to international Standards should be replaced by references to the following Australian
or Joint Australian/New Zealand Standards:

Reference to International Standard” Australian/New Zealand Standard

IEC AS/NZS

60601 Medical electrical equipment 3200 Medical electrical equipment

60601-1 Part 1: General requirements for 3200.1.0 Part 1.0: General requirements for safety—
safety systems Parent Standard

60601-2-5Part 2-5: Particular requirements 3200.2.5 Part 2.5: Particular requirements for
for the safety of ultrasonic therapy safety—Ultrasonic therapy equipment
equipment

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the application of
the appendix or annex to which they apply. A ‘normative’ appendix or annex is an integral part of a
Standard, whereas an ‘informative’ appendix or annex is only for information or guidance.
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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.
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AUSTRALIAN/NEW ZEALAND STANDARD

Ultrasonics —Physiotherapy systems —Performance
requirements and methods of measurement in the frequency
range 0.5 MHz to 5 MHz (IEC 61689:1996, MOD)

1 Scope

This International Standard is applicable to ultrasonic equipment designed for physiotherapy
consisting of an ultrasonic transducer generating continuous or quasi-continuous wave
ultrasonic energy in the frequency range 0,5 MHz to 5 MHz.

This standard only relates to ultrasonic physiotherapy equipment employing a single plane
circular transducer per treatment head, producing static beams perpendicular to the face of
the treatment head in accordance with present practice.

This standard specifies:

— methods of measurement and characterization of the output performance of ultrasonic
physiotherapy equipment based on reference testing methods;

- characteristics to be declared by manufacturers of ultrasonic physiotherapy
equipment based on reference testing methods;

- requirements for performance and safety of the ultrasonic field generated by ultrasonic
physiotherapy equipment;

— methods of measurement and characterization of the output performance of ultrasonic
physiotherapy equipment based on routine testing methods;

- acceptance criteria for aspects of performance of ultrasonic physiotherapy equipment
based on routine testing methods.

Therapeutic value and methods of use of ultrasonic physiotherapy equipment are not
covered by the scope of this standard.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. Members of
IEC and ISO maintain registers of currently valid International Standards.

IEC 50(801): 1994, International Electrotechnical Vocabulary (IEV) — Chapter 801: Acoustics
and electroacoustics

IEC 469-1: 1987, Pulse techniques and apparatus — Part 1: Pulse terms and definitions

IEC 601-1: 1988, Medical electrical equipment — Part 1: General requirements for safety
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IEC 601-2-5: 1984, Medical electrical equipment — Part 2: Particular requirements for the safety
of ultrasonic therapy equipment

IEC 854: 1986, Methods of measuring the performance of ultrasonic pulse-echo diagnostic
equipment

IEC 866: 1987, Characteristics and calibration of hydrophones for operation in the frequency
range 0,5 MHz to 15 MHz

IEC 1101: 1991, The absolute calibration of hydrophones using the planar scanning technique
in the frequency range 0,5 MHz to 15 MHz

IEC 1102: 1991, Measurement and characterisation of ultrasonic fields using hydrophones in
the frequency range of 0,5 MHz to 15 MHz

IEC 1161: 1992, Ultrasonic power measurement in liquids in the frequency range 0,5 MHz to
25 MHz

3 Definitions
For the purpose of this International Standard, the following definitions apply.

3.1 acoustic pulse waveform: Temporal waveform of the instantaneous acoustic
pressure at a specified position in the acoustic field and displayed over a period sufficiently
long to include all significant information in a single pulse or tone burst (see 3.2 of IEC 1102).

3.2 acoustic repetition period: Time interval between corresponding points of consecutive
cycles for continuous wave ultrasound (see 3.3 of IEC 1102).

3.3 acoustic working frequency: Frequency of an acoustic signal based on the observation
of the output of a hydrophone placed in an acoustic field. The signal is analysed using the
zero-crossing frequency technique (see 3.4.1 of IEC 1102).

3.4 amplitude modulated wave: Wave in which the ratio pp/«/Ep,ms at any point in the far

field on the beam alignment axis is greater than 1,05, where p, is the temporal-peak
acoustic pressure and p,,,c is the r.m.s. acoustic pressure.

3.5 attachment head: Accessory intended to be attached to the treatment head for the
purpose of modifying the ultrasonic beam characteristics (see IEC 601-2-5).

3.6 beam alignment axis: Straight line joining two points of spatial-peak temporal-peak
acoustic pressure on two plane surfaces parallel to the faces of the treatment head. One
plane is at a distance of approximately Aggyn/(®A) 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 nominal value of the acoustic working frequency. The second plane
surface is at a distance of either 2Aggn/(7)A) or Aggy/(3nA) whichever is the more appropriate.
For the purposes of alignment, this line may be projected to the face of the treatment head.

NOTES
1 If the nominal value of the effective radiating area is unknown, then another suitable area may be used
to define the beam alignment axis such as the area of the active element of the ultrasonic transducer.

Accessed by MONASH UNIVERSITY LIBRARY on 16 Jun 2015 (Document currency not guaranteed when printed)

Documents

Document Sharing Hub

Full document details: AS NZS 4713-2002


http://www.avadocuments.com/doc/as-nzs-4713-2002
http://www.avadocuments.com/doc/as-nzs-4713-2002

Accessed by MONASH UNIVERSITY LIBRARY on 16 Jun 2015 (Document currency not guaranteed when printed)

3

2 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 Acp,/(7A) 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 8.2.

See 3.5 of IEC 1102 in the case of plane surfaces.

3.7 beam cross-sectional area: 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.

Symbol: Aggs
Unit: centimetre squared, cm?

3.8 beam maximum intensity: Product of the beam non-uniformity ratio and rated output
power divided by the effective radiating area.

Unit: watt per centimetre squared, W/cm?2

3.9 beam non-uniformity ratio: 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
Pmax__Aer
Ren =
pms; ao
where
Pmax is the maximum r.m.s. acoustic pressure;

Agr s the effective radiating area;
pms, is the total mean square acoustic pressure;

a, is the unit area for the raster scan.

Symbol: Agy
Unit: dimensionless.

3.10 absolute maximum beam non-uniformity ratio: Beam non-uniformity ratio plus the
95 % confidence overall uncertainty in the beam non-uniformity ratio.

3.11 beam type: Descriptive classification for the ultrasonic beam in one of three types:
collimated, convergent or divergent.

3.12 collimated: Beam for which the linear regression coefficient, Q, obeys the following
inequality:

-0,06 cm~1<Q<0,1cm1
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3.13 convergent: Beam for which the linear regression coefficient, Q, obeys the following
inequality:

Q < -0,05 cm™!

3.14 divergent: Beam for which the linear regression coefficient, Q, obeys the following
inequality:

Q> 0,1 cm!

3.15 continuous wave: Wave in which the ratio pp/\/Ep,msat 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 p,,c is the r.m.s. acoustic pressure.

3.16 cylindrical asymmetry parameter: Parameter used to describe the cylindrical symmetry
of a physiotherapy beam. The cylindrical asymmetry parameter is determined by analysing
the data from either raster scans or diametrical scans in terms of eight equally angled half-line
scans. The cylindrical asymmetry parameter is given by the percentage of the standard
deviation of values of the beam cross-sectional area determined from these individual half
line-scans, calculated relative to the mean value.

Symbol: &
Unit: dimensionless

3.17 duty factor: Ratio of the pulse duration to the pulse repetition period (see 5.3.2.4 of
IEC 469-1).

3.18 effective intensity: Intensity given by I, = P/Agg where P is the output power and Agg
is the effective radiating area.

Symbol: [,
Unit: watt per centimetre squared, W/cm?

3.19 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.

3.20 effective radiating area: Beam cross-sectional area extrapolated to the front face of
the treatment head, Ag:5(0), multiplied by a dimensionless factor, F,., given by:

F.. = 2,58—0,0305 ka; for ka; < 40

Fac = 1,354 for ka; > 40
where

k s the circular wave number per centimetre, cm™1;

a, is the effective radius of the treatment head in centimetres and is derived by solving
for a in the equation:

T a2+ (0,0305 kABCS(O)) a-—-2,58 ABCS(O) =0
NOTE - The conversion factor F,. is used here in order to derive the area at the treatment head which

contains 100 % of the totai mean square acoustic pressure.

Symbol: Agr
Unit: centimetre squared, cm?
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3.21 absolute minimum effective radiating area: Effective radiating area minus the 95 %
confidence overall uncertainty in the effective radiating area.

3.22 end-of-cable loaded sensitivity of a hydrophone: Ratio of the voltage at the end of
any integral cable or connector of a hydrophone, when connected to any specified electrical
input impedance, to the instantaneous acoustic pressure in the undisturbed free-field of a
plane wave in the position of the acoustic centre of the hydrophone if the hydrophone were
removed (see 3.14 of IEC 1102).

Symbol: M_
Unit: volt per pascal, V/Pa

3.23 far field: Acoustic (sound) field at a distance from a treatment head where the values of
the instantaneous acoustic pressure and particle velocity are substantially in phase (see
801-23-30 of IEC 50(801)).

For the purposes of this standard, the far field is at a distance greater than Aggn/(=)A) where
Aggn 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 (see 3.16 of
IEC 1102).

3.24 hydrophone: Transducer that produces electrical signals in response to waterborne
acoustic signals (see also 801-32-26 of IEC 50(801), 3.4 of IEC 866 and 3.19 of IEC 1102).

3.25 instantaneous acoustic pressure: At a particular point in the acoustic field, difference
between the pressure existing at a particular instant in time and the ambient pressure (see
801-21-19 of IEC 50(801)).

Symbol: p
Unit: pascal, Pa

3.26 linear regression coefficient: Quotient of the linear regression gradient, m, and the
beam cross-sectional area at the face of the treatment head, Ag(0).

Symbol: Q
Unit: per centimetre, cm-1

3.27 linear regression gradient: Gradient of the linear regression fit of the beam cross-
sectional area versus distance and determined at four specified measurement planes.

Symbol: m
Unit: centimetre, cm

3.28 mean square acoustic pressure: Mean square of the instantaneous acoustic
pressure at a particular point in the acoustic field. The mean is taken over an integral number
of acoustic repetition periods.

NOTE - In practice, the mean value is often derived from peak or r.m.s. measurements.

Unit: pascal squared, Pa?
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3.29 total mean square acoustic pressure: Sum of the mean square acoustic pressure
values, each with a specified incremental area, in a specified plane over specified limits of
summation.

Symbol: pms;
Unit: pascal squared, Pa?

3.30 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.

3.31 output power: Time-average ultrasonic power radiated by a treatment head of
ultrasonic physiotherapy equipment into an approximately free field under specified
conditions in a specified medium, preferably in water (see 3.5 of IEC 1161).

Symbol: P
Unit: watt, W

3.32 rated output power: Maximum output power of the ultrasonic physiotherapy
equipment at any of the allowed line voltages.

Unit: watt, W

3.33 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 nominal line voltage.

3.34 temporal-maximum output power: In the case of an amplitude modulated wave, the
temporal-maximum output power is given by:

2

Pm,=1/2[pp} P

pI'ITIS

where
P is the actual output power under amplitude modulated wave conditions;
p, isthe temporal-peak acoustic pressure;

Prms 1S the true r.m.s. acoustic pressure.

Both p, and p;,s are measured under amplitude modulated wave conditions and at a
specified point on the beam alignment axis.

Symbol: Py,
Unit: watt, W

3.35 pulse duration: Time interval beginning at the first time the pressure amplitude exceeds
a reference value and ending at the last time the pressure amplitude returns to that value. The
reference value is equal to the sum of the minimum pressure amplitude and 10 % of the
difference between the maximum and minimum pressure amplitude.

Unit: second, s

NOTE - This definition differs from that of 3.30 of IEC 1102 to account for incomplete modulation.
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3.36 pulse repetition period: Absolute value of the time interval after which the same
characteristics of a periodic waveform recur (see 5.3.2.1 of IEC 469-1).

3.37 pulse repetition rate: Inverse of the pulse repetition period. This is also equal to the
repetition frequency of the modulated waveform.

Unit: hertz, Hz

3.38 r.m.s. acoustic pressure: Root mean square (r.m.s.) of the instantaneous acoustic
pressure at a particular point in an acoustic field. The mean is taken over an integral number
of acoustic repetition periods (see 3.36 of IEC 1102).

Symbol: pye
Unit: pascal, Pa

3.39 maximum r.m.s. acoustic pressure: Maximum value of the r.m.s. acoustic pressure
detected by a hydrophone over the entire acoustic field.

Symbol: pax
Unit: pascal, Pa

3.40 peak r.m.s. acoustic pressure: Maximum value of the r.m.s. acoustic pressure over a
specified region, line or plane in an acoustic field.

3.41 temporal-maximum intensity: In the case of an amplitude modulated wave, the
temporal-maximum intensity is given by:

where |
Pyy, s the temporal-maximum output power;
Agg is the effective radiating area.

Symbol: |,
Unit: watt per centimetre squared, W/cm?2

3.42 temporal-peak acoustic pressure: Maximum value of the modulus of the
instantaneous acoustic pressure at a particular point in an acoustic field (see 3.54 of
IEC 1102).

Symbol: p,
Unit: pascal, Pa

3.43 treatment head: Assembly comprising one ultrasonic transducer and associated parts
for local application of ultrasound to the patient (see IEC 601-2-5).

3.44 ultrasonic transducer: Device capable of converting electrical energy to mechanical
energy within the ultrasonic frequency range and/or reciprocally of converting mechanical
energy to electrical energy (see 3.58 of IEC 1102).
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3.45 ultrasound: Acoustic oscillation whose frequency is above the high-frequency limit of
audible sound (about 16 kHz) (see 801-21-04 of IEC 50(801)).

3.46 ultrasonic physiotherapy equipment; equipment: Equipment for the generation and
application of ultrasound to a patient for therapeutic purposes (see IEC 601-2-5).

4 List of symbols

Geometrical radius of the active element of a treatment head
Effective radius of the active element of a treatment head
Beam cross-sectional area

Beam cross-sectional area extrapolated to the front face of the treatment head,
z=0

Effective radiating area of a treatment head

Nominal value of the effective radiating area of a treatment head
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 1102
Unit area for a raster scan

Minimum radius of a target for a radiation force balance
Speed of sound

Acoustic working frequency

Conversion factor to convert Agcg(0) to Agg

Effective intensity

Temporal maximum intensity

(= 2n/A) Circular wave number

. Linear regression gradient for a set of measurements of beam cross-sectional

area at four measurement planes

End-of-cable loaded sensitivity of a hydrophone

Output power of a treatment head

Temporal-maximum output power

Temporal-peak acoustic pressure

Maximum r.m.s. acoustic pressure

RMS acoustic pressure

Total mean square acoustic pressure

Total mean square acoustic pressure determined in the specific plane z
Linear regression coefficient

Ratio of the peak r.m.s. acoustic pressure to the r.m.s. acoustic pressure
averaged over the beam cross-sectional area in a specified plane

Beam non-uniformity ratio
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s Step size for a raster scan

s(2) Step size for raster scan in the specific plane z

u End-of-cable voltage for a hydrophone

U Hydrophone signal for the i-th scan point

U, Random uncertainty of a measurement at the 95 % confidence level

U Systematic uncertainty of a measurement at the 95 % confidence level

Usr Overall uncertainty of a measurement at the 95 % confidence level

z Distance from the face of the treatment head to a specified point on the beam

alignment axis
zq. ..z, Distance from the face of the treatment head to the measurement plane z;. . . 24
2y Distance of the last axial maximum from the face of the treatment head
Distance of the peak r.m.s. acoustic pressure from the front face of the

p
treatment head
A Ultrasonic wavelength
o Cylindrical asymmetry parameter

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

5 Requirements for safety and performance declaration

In addition to the general requirements specified in IEC 601-1 and specific requirements
specified in IEC 601-2-5, manufacturers shall declare nominal values for the following
parameters in the accompanying literature for each type of treatment head:

— 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;

— acoustic working frequency (10 %);

— beam non-uniformity ratio (Rgy) (x30 %);
— beam maximum intensity;

— 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 %);

— modulation waveform for each modulation setting.
Where appropriate, 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 8 or the routine measurements specified in clause 9.

The temperature range shall be specified for the parameters declared 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 specified above
shall be declared for each nominal value of acoustic working frequency.

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

6 Performance and safety requirements

6.1 Rated output power

The rated output power shall not vary by more than +20 % for variations of supply line voltage
of £10 %. No manual readjustment of the apparatus for compliance with this requirement is
permitted.

Compliance is checked by measurement of the rated output power in accordance with 8.1 at
90 %, 100 % and 110 % of the rated value of the supply voltage.

6.2 Effective intensity

The absolute maximum effective intensity shall be less than or equal to 3,0 W/cm?2,

Compliance is checked by determination of the absolute maximum rated output power in
accordance with 8.1 and absolute minimum effective radiating area in accordance with 8.3.

6.3 Beam non-uniformity ratio

The absolute maximum beam non-uniformity ratio shall be less than or equal to 8,0.

Compliance is checked by measurement in accordance with 8.3.

7 Conditions of measurement and test equipment used

All measurements shall be undertaken under approximately free-field conditions at a
temperature of 22 °C + 3 °C.

If measurements are carried out at any other temperature, a test shall be undertaken to show
that the results, determined in accordance with 8.5 and 9.3, are not dependent on the
temperature at which the tests were undertaken.

Degassed water shall be used for the measurement of ultrasonic power, see 8.1. Degassed
water is not essential for the hydrophone measurements, see 8.2.

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 {EC 854.

All measurements shall be made after a suitable warm-up period specified by the manufacturer.
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7.1 Test vessel

The test vessel used for all hydrophone measurements shall be sufficiently large to allow the
immersion of both the treatment head and the hydrophone. In general, the tank size shall
comply with 5.2.2 of IEC 1102.

The relative position and angular orientation of the treatment head and hydrophone should
be adjustable for the purposes of alignment in accordance with IEC 1102. 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 absorbers or angled
reflector(s) and absorber(s) of lower absorption or 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. One
example to check the absorbing or scattering materials used is given below.

Compliance for overall echo reduction of an acoustic absorber may be checked using the
following procedure. Echo reduction should 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 resulting
hydrophone signal (peak-to-peak or r.m.s.), produced by the reflection from the front surface
of the acoustic absorber, U,psomer, IS compared to that from a perfect planar reflector,
Uretiector- The acoustic absorber and the perfect reflector should be aligned near normal to the
beam alignment axis but angled so that the reflected signal can be intercepted by the
hydrophone. The echo reduction is calculated using:

Uabsorber ]

echo reduction = -20 log, {
reflector

A stainless steel reflector of minimum thickness 25 mm may be used to provide a good
approximation to a completely reflecting surface.

Compliance of the test vessel to free-field conditions is checked by noting the invariance of the
product pms; s? (see 8.3.8) after completing the four raster scans specified in clause 8.

NOTE - For some treatment heads, ultrasound reflected back to the treatment head may 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 be obtained by using acoustic absorbers
with textured surfaces.

7.2 Hydrophone

For all measurements made using a hydrophone, the hydrophone shall comply with IEC 866
as a class B 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 a,,, so that:
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amax < 0,5 mm if the acoustic working frequency is less than or equal to 3 MHz;

amax < 0,3 mm if the acoustic working frequency is greater than 3 MHz.

NOTE - The above criterion represents an effective radius larger than that given in 5.1.5 of IEC 1102.

7.3 RMS or peak signal measurement

A method of determining the r.m.s. or peak voltage signal levels at the output terminal of the
hydrophone or hydrophone/amplifier combination should be used.

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

p= U/ML

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 basis of
measurement.

NOTE - Distortion caused by non-linear propagation effects is usually negligible, in which case the peak
acoustic pressure is proportional to the r.m.s. acoustic pressure. Therefore either the r.m.s. acoustic
pressure or the temporal-peak acoustic pressure can be measured.

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

Compliance for linearity is checked using a separate ultrasonic transducer operating in tone-
burst mode and measuring the signal received by the hydrophone and measuring system as a
function of voltage excitation applied to the ultrasonic transducer.

8 Type testing reference procedures and measurements

The procedures specified in 8.1 to 8.3 shall be used for the determination of type testing
reference values for the parameters specified in 8.4.

8.1 Rated output power

Output power of the ultrasonic physiotherapy equipment shall be determined in accordance
with IEC 1161. 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 aperture of the power
measurement system. Overall uncertainty of measurement expressed at the 95 % confidence
level shall be determined (see 10.1) and should be better than +15 %. Measurements should
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
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