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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS — SURGICAL SYSTEMS —

Measurement and declaration of the basic output characteristics
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Annexes

A, B and C are for information only.

In this standard the following print types are used:

— Requirements: in roman type

— Test specifications: in italic type

— Notes: in small roman type

— Words in bold in the text are defined in clause 3.

A bilingual version of this standard may be issued at a later date.
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INTRODUCTION

Ultrasonic surgical systems, operating in the 20 kHz to 60 kHz range, are used widely in
ophthalmology and neurosurgery to fragment or disintegrate and aspirate unwanted tissue.
Their commercial use in ophthalmology started in 1970. Their application in neurosurgery
followed about 10 years later. Ultrasonic surgical systems are also widely used in oncology

surgery.

This International Standard defines the parameters which characterize the output and

performa - s which
parametdrs should be declared. In addition, measurement procedures are described so that
technically qualified people will be able to report on the parameters in a)uhiform and

understapdable fashion. An open surgical site is one in which the incision is.large relative to
the size jof the applicator tip being inserted thus precluding any increaseyin pressyre of the

organ due to an imbalance of irrigant flow and suction flow. An examplelof a closec
site is an|eye where the incision is closely controlled.

surgical

This Intefnational Standard does not provide any guidance on what is the resultant(safety or

efficacy of devices described by these parameters since very little scientifically contrg
are available by which such judgements can be made.

lled data
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ULTRASONICS — SURGICAL SYSTEMS -
Measurement and declaration of the basic output characteristics

1 Scope

This International Standard specifies:

— the essential non-thermal output characteristics of ultrasonic surgical units;

NOTE 1 — One of the parameters of interest is output acoustic power. This standard addresses only the low-
frequency (under 100 kHz) component of the total delivered energy. The high-frequency component, which probably
relates to cavitatiom devefoped—at the tip, 1S ot a0uTeEsSSed (SEe A 47

— methods of measurement of these output characteristics;
— those [characteristics which should be declared by the manufacturers of suchequipment.

NOTE 2 - |n the interest of clarity, this standard does not address all of the complex surfaces ‘and shapps possible
for applicafor tips . A straight tubular shape is used in the description of the parameters-and measurements to be
made. It is|left to the user of this standard to adapt the basic methodology described-to> more complex designs if
required.

This Intefnational Standard is applicable to equipment which méets the requirements of a, b
and c below:
a) uItrasInic surgical systems operating in the frequency range 20 kHz to 60 kHz; and

b) ultrasonic surgical systems, whose use is the fragmentation or cutting of humgn tissue,
whether or not those effects are delivered in conjunction with tissue removal or coagulation;
and

c) ultrasgnic surgical systems, in which an acoustic wave is conducted by means of a
specifijcally designed wave guide to deliverenergy to the surgical site.

NOTE 3 —|Examples of these types of systems.are surgical aspirators, intracorporeal lithotripters, [end-cutting
devices etd.

This Intefnational Standard is not applicable to:

— lithotripsy equipment which\uses extracorporeally induced pressure pulses, [focussed
through liquid conducting media and the soft tissues of the body;

— surgicpl devices used as)part of the therapeutic process (hyperthermia systems);
— surgicpl devices whose acoustic application areas are not at the end of a longitudinally
vibrating applicator:tip and therefore would not fit the monopole model used in this standard.

This Intefnational-Standard does not deal with the effectiveness or safety of ultrasoni¢ surgical
systems.

NOTE 4 —-LIbroughout this standard —the term accuracy means the overall uncertainty exnressed atl the 95 %
) y Y o4 T

confidence level.
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 60500:1974, IEC standard hydrophone

IEC 61205:1993, Ultrasonics — Dental descaler systems — Measurement and declaration of the
output characteristics
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3 Definitions

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

3.1
applicator tip; applied part
that part of the surgical tool which comes into direct contact with body tissues

3.2

directivity pattern
normalized variation in acoustic pressure as a function of angle at constant range from the
applicatoy tip

NOTE - This parameter is important when operating adjacent to body structures which are sensijtive {o pressure
and motion| such as the endothelial cells on the inside of the cornea or acoustic nerves.

Symbol: pzg

Unit: dimensionless plot

3.3
drive frequency
mean freguency of the driving voltage or current

NOTE - THis parameter, coupled with tip vibration excursion, allows the.user to compare the velocities of applicator
tips.

Symbol: {4
Unit: kilohertz, kHz

3.4

duty cycl
for those|systems which modulate the ‘electrical drive power, the ratio of the voltage ¢r current
pulse dufation (on time) to the duration of one complete modulation cycle while the equipment
is active

\1%

Symbol: Dcy

Unit: dimensionless

3.5
maximunj electricalpower
the peak|input.electrical power to the ultrasonic handpiece when the load on the applitator tip
is gradudlly jincreased from its quiescent condition

NOTE — THe"“peak electrical power occurs at the point at which a reduction in the primary tip vibration excursion
from its value corresponding to the quiescent electrical power occurs (see 6.9 and 6.10).

Symbol: Pmax
Unit: watts, W

3.6

output acoustic power

the acoustic power delivered by the applicator tip into water, and measured using a
calorimetric method (see 6.5)

NOTE — Measurement of acoustic power delivered by applicator tips having different output areas and/or excursion

amplitudes will facilitate application of the ALARA principle, the use of exposure levels that are as low as
reasonably achievable.

Symbol: P4

Unit: milliwatts, mW
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3.7

derived output acoustic power

the acoustic power delivered by the applicator tip into water, and derived from measurements
made using a hydrophone (see 6.5)

NOTE — Measurement of acoustic power delivered by applicator tips having different output areas and/or excursion

amplitudes will facilitate application of the ALARA principle, the use of exposure levels that are as low as
reasonably achievable.

Symbol: Py
Unit: milliwatts, mW
3.8

power reserve index
the ratio pf maximum electrical power to quiescent electrical power

NOTE 1 — The power reserve index gives the user a measure of how much “extra” power is available tg maintain a
constant tip excursion amplitude under various load conditions.

Symbol: P
Unit: dimgensionless

NOTE 2 — The power reserve index will only allow direct comparison of different devices if those devices share the
same opergating modality. Piezoelectric and magnetostrictive devices cannot be validly compared using| the power
reserve index .

3.9
primary gdcoustic output area
the area [of the projection of the solid part of the applicator tip in the direction of primary tip
vibration |excursion

NOTE - Pirimary acoustic output area is used in determining the energy radiated from the end of an|applicator
tip for diffefrent tips operating at the same vibration excursien and frequency.

Symbol: Azp

Unit: squpare millimetres, mm?2

3.10
primary t{p vibration excursion
peak-to-geak displacement of the applicator tip in the direction of maximum amplitude, at a
point on the applicator tip Aet'more than 1 mm from its free (distal) end (see 3.2 of IEC|61205)

NOTE - THe ability to fragment tiSsue can be correlated to primary tip vibration excursion
Symbol: 5,

Unit: micfometre{ pm

3.11
primary tip\wibration excursion modulation
for those systems which modulate the electrical drive power, the percentage change in the
primary tip vibration excursion  from its maximum value to its minimum value

Symbol: Mgy
Unit: dimensionless

3.12

pulse duration

for those devices which modulate the electrical drive power, the time interval beginning at the
first time the drive voltage or current exceeds a reference level and ending at the last time the
drive voltage or current returns to that level. The reference level is equal to the sum of the
minimum drive voltage or current and 10 % of the difference between the maximum and the
minimum drive voltage or current.

Symbol: t,

Unit: milliseconds, ms
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quiescent electrical power
The input electrical power to the ultrasonic handpiece with the applicator tip unloaded, for a
given primary tip vibration excursion

Symbol: P

Unit: watts, W

3.14

reference primary tip vibration excursion

11998 (E)

The maximum primary tip vibration excursion for the combination of applicator tip and
handpiece chosen for measurement.

NOTE — ThHeTeferernce pritmary tip vibTatiom eXCuTSToTT TS USed to optainT thevatues of quiescent amg maximum
electrical ppwer needed to calculate the power reserve index of a device configuration.

Symbol: 5y

Unit: micfometre, um

3.15

secondary acoustic output area

the areal of the projection of the exposed part of the applicdtor tip in the |direction
perpendigular to the direction of the primary tip vibration excursion  and correspond|ng to the
second largest component of motion

Symbol: Azs

Unit: squpre millimetres, mm?

NOTE - Dg¢finitions 3.9 and 3.15 are intended to give the basic areas of interest when considering acojistic output
of simple fubular applicator tips . They do not cover the\infinite variety of complex end shapes which may be
available frpm individual devices.

3.16

secondary tip vibration excursion

peak-to-geak displacement of the applicator tip in a direction perpendicular to the difection of
the primary tip vibration excursign)»* and corresponding to the direction of the second largest
componegnt of motion, of a point on the applicator tip not more than 1 mm from its frge (distal)
end

Symbol: bg

Unit: micfometre, pm

3.17

tip vibration.frequency

fundamentalfrequency at which the applicator tip oscillates (see 3.3 of IEC 61205)

Symbol: f;

Unit: kilohertz, kHz
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4 List of symbols

Aas secondary acoustic output area
Aap Pprimary acoustic output area

c speed of sound in the medium
D¢y duty cycle

fq drive frequency

fy tip vibration frequency

Msp primary tip vibration excursion modulation

prg  dirg¢ctivity pattern
p(r) pressure amplitude at position r
P,  output acoustic power

P,q delfived output acoustic power
P, power reserve index
Pq  quiescent electrical power

Pmax mMakimum electrical power

Sp primary tip vibration excursion

Spr  refgrence primary tip vibration excursion
Ss sedondary tip vibration excursion

to pulse duration

o} density of the measuring medium
5 General measurement requirements

5.1 Opefrating conditions

Measurements shall be (performed with parameters set to values recommended by the
manufacfurer. The parameters to be considered are:

ambient temperature;

tip irrigant flow-rate;

tip vibfationexcursion;

t|p asy wation flow rate

The parameters listed above are not set independently during actual surgical use. Therefore,
when a particular surgical environment is to be studied, the parameters listed above shall be
specified so that meaningful comparisons of performance can be made (see clause B.5).

5.2 Load conditions
5.2.1 For measurement of derived output acoustic power

Measurements of derived output acoustic power  or output acoustic power shall be made
using degassed water (see clause A.6 for rationale and references to degassing techniques) in
a tank, lined with sound absorbing material and having a suitable size to render it essentially
anechoic for the tip vibration frequency of concern i.e. free field condition. In addition, for
devices which have suction available, sufficient flow through tip can be used to minimize the
accumulation of bubbles on the front surface of the tip.
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5.2.2 For measurements of quiescent electrical power

Measurements of quiescent electrical power to the ultrasonic handpiece shall be made with
all system fluid flow operational and with the distal end of the applicator tip in air.

5.2.3 For measurements of maximum electrical power

Measurements of maximum electrical power (the power just prior to stall) to the ultrasonic
handpiece shall be made as indicated by 5.2.2 but with the distal end of the applicator tip
loaded with a suitable acoustically absorbing material capable of loading the applicator without
damaging it.

5.3 Preparation for measurements

5.3.1 Preparation of the applicator

Prior to [any measurements all surfaces and parts of the applicator shall\be free from
contaminjation. The applicator tip , the ultrasonic handpiece and the measuremenf devices
which come into contact with the water and irrigant shall be cleaned with‘detergent ahd rinsed
with warm water (see also [1]* and [2]).

5.3.2 Preparation of the water

Degassefl water shall be used (see annex A for reference jto'suitable degassing te¢hniques,
see also [2] and [3] of annex C).

5.3.3 Preparation of the system

The appdratus shall be allowed a warm-up period as specified by the manufacturer. I{f a warm-
up period is not specified by the manufacturer, awarm-up period shall be allowed whi¢h is long
enough tp allow stable operation to be achieved, up to a maximum of 15 min.

6 Measurement procedures

6.1 Primary tip vibration excursjen

One of the following methods shall be used for measuring the primary tip vjbration
excursion . The accuracy ©fythe vibration excursion measurement shall be better than [£10 %.

6.1.1 Optical microscope method

A microsicope shall*be focused on a point not more than 1,0 mm from the free end of the
applicatof tip~<which shall be illuminated by a light beam. When the equipment is energized,
the point|traces a line. The relative orientation of the applicator tip and the microscope shall
be alteref until the maximum line length is observed. The line length, equal to the primary tip
vibration excursion , shall be measured to an accuracy of +10 % by means of a calibrated
eyepiece reticule or micrometer movement. If transverse vibrations occur simultaneously then
the point on the applicator describes an elliptical path and the length of the major axis of the
ellipse shall be measured (see figure 1).

6.1.2 Laser vibrometer method

A laser vibrometer shall have an output beam spot size small enough to focus on the end of the
applicator tip . The beam shall be directed parallel to the longitudinal axis of the tip vibration
i.e. in line with the direction of tip vibration excursion to be measured. The output of the
vibrometer control module can be displayed and recorded on instruments as specified by the
laser vibrometer manufacturer.

* Figures in square brackets refer to the bibliography given in annex C.
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6.1.3 Feedback voltage method

For devices which have a feedback system which is directly coupled to the mechanical tip
excursion, the feedback voltage is proportional to the primary tip vibration excursion . The
optical microscope method of 6.1.1 shall be used to calibrate the feedback voltage in terms of
tip vibration excursion for a particular combination of ultrasonic handpiece and applicator.

The feedback voltage shall be displayed on an oscilloscope with a time base accurate to +2 %
and vertical deflection amplifiers accurate to +2 % while optical measurements are taken in
accordance with 6.1.1. Once calibrated in this fashion only the feedback voltage need be
observed to record the magnitude of tip vibration excursions.

6.2 Secondary tip vibration excursion

The follcz}wing method shall be used for measuring the secondary tip vibration excmlnsion
The accuracy of the vibration excursion measurement shall be better than +10 %

6.2.1 Optical microscope

The method shall be as described in 6.1.1 but the applicator tip shallbe*first rotated|about its
primary Vibration axis while monitoring the length of the minor axis ofthé ellipse. The maximum
observed length of the minor axis of the ellipse shall be measured as the secondary tip

vibration [excursion (see figure 1).

6.3 Drive frequency

One of |the following methods shall be used. The "accuracy of the drive frequency
measurement shall be better than +2 %.

6.3.1 Frequency counter method

An electrpnic frequency counter shall be used to determine the frequency of the driving voltage
or current applied to the ultrasonic handpiece. The signal can be obtained either by cpnnecting
a suitably shielded cable to the circuit tocations specified by the manufacturer or by winding a
coil around the body of the ultrasonic‘handpiece and feeding the induced signal to a frequency
counter.

6.3.2 Spectrum analyzer method

A spectrum analyzer with a frequency range of 10 000 Hz to 100 000 Hz shall bg used to
determing the frequency-of the driving voltage or current. This shall be connected to the circuit
locations|specifieddby-the manufacturer.

6.4 Tip vibration frequency

One of thexfollowing methods shall be used to measure the primary tip vibration frequency
The accuracy of the tip vibration frequency measurement shall be better than £2 %.

6.4.1 Vibrometer method

A non-contacting vibrometer shall be used to indicate the frequency of oscillation of the applicator
tip. This shall be measured from the output of the vibrometer using an electronic frequency
counter, a spectrum analyzer or an oscilloscope with a calibrated time base (see IEC 60782).

6.4.2 Hydrophone method

A hydrophone which satisfies IEC 60500 shall be used to measure the frequency of the
radiated acoustic pressure from the applicator tip . The hydrophone shall be placed in the
range from 30 mm to 100 mm of the applicator tip to reduce the effects of nonlinear
propagation. The frequency of the hydrophone output shall be measured using an electronic
frequency counter, a spectrum analyzer or an oscilloscope with a calibrated time base.
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6.5 Derived output acoustic power and output acoustic power

Derived output acoustic power  or output acoustic power shall be determined using the
method specified in 6.5.1 or 6.5.2, respectively.

6.5.1 Derived output acoustic power — Hydrophone method

This method is based on the use of a calibrated hydrophone. The uncertainty of the
determination of derived output acoustic power shall be £20 %. As a method based on a
single point sensor and a measurement at a single distance from the applicator tip , it is
chosen to eliminate the ideal requirement of integrating the pressure field and to avoid the
possibility of cavitational shielding (see clause A.4). A hydrophone which satisfies IEC 60500
shall be used to measure pressure at a known distance from the applicator tip . Then, using
the modgl of a monopole or a dipole source (see below), the derived output acoustic| power

can be calculated for any tip vibration excursion desired. The applicator shall be_pasitioned so
that the axis of symmetry of the primary tip vibration excursion coincides with’ the plane of
the geometric axis of the hydrophone track.

An appligator tip which reciprocates in the direction of its primary tip.vibration exdursion
(see figure 2) and which acts as a source which is small compared (o the wavelength in the
acoustic medium can be considered as a monopole (see [4] and_{5])7 The general case for an
ultrasoni¢ surgical device deeply immersed in the water tank is that the derived output
acoustic power is given by the formula:

21r2| p(r)|*
Py = 2T1P0)
pc
where
r is the separation of the applicator tip and the hydrophone;

p(r) is the pressure amplitude measured at<;
o} is the density of the measuring medium,;
c is the speed of sound in the medium.

NOTE - If the acoustic pressure is determined in terms of r.m.s. acoustic pressure, pyms, then Op(N? fis replaced
by 2 pZ2. ih the above equation.

Many deVices, however] lave applicator tips which are designed to be in contact with the
tissue wljile the rest of\the applicator is outside the body. For these devices the appligcator tip
shall be positioned{so-that it is approximately 1/4 wavelength beneath the surface of the water
in the mgasuring(chamber. For this special case, whether for measurement conveniepce or so
as not to| add-the energy radiated from the handle which is never put into tissue coptact, the
monopol¢ source is reflected from the water/air boundary. This produces an effective second
monopol¢ solrce, 180° out of phase with the monopole tip source. Therefore this combination
will effectively act as a dipole source.

For this case, where the applicator tip is approximately 1/4 wavelength beneath the surface of
the water, the derived output acoustic power s given by (see A.8):

12| p(r)|?

P =
ad 2pcC

where

r is the distance from the hydrophone to the surface of the water.

A hydrophone which satisfies IEC 60500 shall be used to measure pressure at a known
distance from the intersection of the axis of the tip and the surface of the water (see figure

A.2). Then, using the model of a dipole source, above, the derived output acoustic power
can be calculated for any tip vibration excursion desired.
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6.5.2 Output acoustic power — Calorimeter method

This is an alternative but much less repeatable method than the hydrophone-based method

specified

in 6.5.1. However, it can be used as a first order approximation.

The end of the applicator tip shall be inserted into a calorimeter containing an absorbing fluid.
The rate of temperature rise of the absorbing fluid shall be determined and used to calculate
the power delivered by the probe. It should be noted that depth of immersion of the applicator

tip will af
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6.7.1 Laser vibrometer method

Use the method described in 6.1.2 to determine the change in vibration excursion during the

modulation cycle. The primary tip vibration excursion modulation

percentage, is given by:

where
Spon IS

Msp = {(Sp on — Sp off)/Sp on} % 100

the primary tip vibration excursion during the on-time;

the primary tip vibration excursion during the off-time.

, Msp, expressed as a
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For systems which modulate electrical drive power, the duty cycle is determined as follows.

The drive voltage or current shall be displayed on an oscilloscope with a time base accurate to
+2 % and vertical deflection amplifiers accurate to *2 %. Determine the minimum and
maximum peak-to-peak drive levels.

NOTE - It is assumed here that the peak-to-peak voltage or current is being measured and that the minimum peak-

to-peak lev

el may or may not be zero.

Determine a reference level from the sum of the minimum drive voltage or current and 10 % of
the difference between the maximum and minimum drive voltage or current levels. The pulse

duration,mt—ﬂ'l_n—t_ﬁﬂ'l_t_t_p, IS determined from the OSCIllOSCOpe trace by measuring the ume interva
the first fime, t1, that the electrical drive signal exceeds the reference level and €nd

last time
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If t; is the
next puls

6.9 Quid
Set the

corrected
into the u
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tr, that the electrical drive signal returns to the reference level (seeifigure
duration, fp, is given by:

hb=b-1
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e cycle, the duty cycle , D¢y is given by:
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6.11 Primary acoustic output area

For the specific example of a hollow cylinder applicator tip , the primary acoustic output area
can be computed. Measure the inside and outside diameters of a hollow tubular applicator tip .
The primary acoustic output area is given by the area of the projected annular ring formed by
the two diameters and determined from (see figure 2):

Tt
Aap = Z(dch - d,z)

where

d, is the outside diameter of the projected annular ring;

d, is th§Inside diameter of the projected annular ring.
6.12 Setondary acoustic output area

For the dpecific example of a hollow cylinder applicator tip , the secondary..acoustic|output
area carn be computed. In the direction of the secondary tip vibration excursion , the
secondary acoustic output area is calculated from the projected rectangle by (see figure 6):

Aas= do !
where

dy is the¢ diameter of the exposed tip;

/ is th¢ length of the exposed tip.
6.13 Polver reserve index

The power reserve index is an indication of the relationship between the maximum |available
input ele¢trical power, Pnhax, and the electrical power necessary to keep the surgical handpiece
running Without any external (tissue) loaghapplied, Pq. The power reserve index is gien by:

See caut|onary note in clause‘7.
7 Declgration of output characteristics

The folloying characteristics shall be declared in the accompanying documents of an yiltrasonic
surgical gystem;

NOTE 1 - [Eaorihe rationale on the use and specification of these parameters, see clause B.4

— reference primary tip vibration excursion for each type of applicator tip (i.e. the
maximum primary tip vibration excursion );

— primary acoustic output area for each type of applicator tip ;

— drive frequency for each ultrasonic handpiece;

— derived output acoustic power or output acoustic power for each type of applicator tip
operating at the reference primary tip vibration excursion ;

NOTE 2 — When declaring this characteristic care must be taken to ensure that the terminology appropriate to the
method of measurement is noted. See 6.5.

— the type of frequency control of the system, i.e. whether initial tuning is required with later
changes during the operation or if there is continuous automatic tuning of drive frequency ,
independent of load, during the operation;

NOTE 3 — This parameter gives the user an indication of how consistently a system can maintain a particular
setting without the need for frequent operator intervention.
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— power reserve index corresponding to the reference primary tip vibration excursion for
each ultrasonic handpiece/applicator tip combination.

NOTE 4 — The absolute number is dependent on the type of transducer used. Therefore caution should be
exercised not to use the power reserve index to compare the performance of dissimilar transducers.

Geometric
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Direction of
secondary
tip excursion

Spot of reflected
light aS,seen

g

i sy Light through ‘'scope
———— ' beam
i
Direction of /
primary tip H
vibration ~_|

excursion .
Microscope
Spot traces a
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vibrating and
there is no
secondary (transverse)
excursion

DMV
} 2

I N e

Spot traces an elliptical

line when the tip his

combined primary [longitudinal)
and secondary (trgnsverse)
excursion

IEC| 160/98

Figure 1 — Measuring the primary and secondary tip vibration excursion



https://iecnorm.com/api/?name=ebe4a16c7f77071e2269888b53d0828b

61847 © IEC:1998 (E) —17 -

Inside diameter (d))

Outside diameter (d,)

Direction of primary ti
| p y tp

P vibration excursion

IEC 161/98

Figure 2 — Example of a primary acoustic output area
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Handpiece / applicator

- (not to scale)

r=0 at water surface
Tip depth found for Origin point of measurement
maximum pressure coordinate system
(see section 6.5.1)

Top of water surface

6 =+90° Y 6 =-90°
0 = +45° 0 =-45°

Path of r- P'scans

(6= +90° tp -90°) 6 =02 Ec 162/98

Figure 3 — Measuring the pressure field
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| PR T

< On time ><Offtime >

H t ] IEC 4163/98

Figure 4 — Illustration of the method of determining duty cycle from an oscilfoscope trace.
The dotted line is at a level equal to the minimum peak-to-peak level plus(1Q % of the difference
between the maximum and the minimum peak-to-peak’levels
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Figure 5 — Measuring the maximum electrical power ( Pmax) at a given primary

tip vibration excursion ( sp)
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Figure 6 — Example of a secondary acoustic output area
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Annex A
(informative)

Measurement methods and conditions

A.1 Optical microscope method

This method is based on direct observation of the tip oscillation with a microscope to view a
spot of light reflected from the probe surface. To produce the spot, a miniature fibre optic is
used or a-pinhole located at the hack focal plane of a condenser lens; the magnified image of
the pinhgle should be no greater than 5 % of the amplitude of tip oscillation. Assuming a
circular spot, the peak-to-peak excursion is determined by measuring the~peak-to-peak
response] and subtracting the width of the optical trace.

The maghification of the microscope is in the range of 60x to 200x. Thecscale is callbrated in
micromefres with at least 400 um full-scale.

A.2 Virometer method

As stated in IEC 60782 [1], methods, using vibrometers of different types for the meagurement
of transdlicer vibrational displacement amplitude, are secondary methods, used for transducers
of both Al and P categories in unloaded condition (category/P transducers without ligyid). They
are also| applicable for measurements of the displacement amplitude at the reaf side of
transducers in the loaded condition.

Non-contacting high-frequency vibrometers of different types should be used in this method
(see [1]]|of appendix D). The scale of the. instrument should be graduated djrectly in
micromefres, its frequency range being 8 kMz to 100 kHz and the dynamical range (0,5 um to
100 pum.[The measurement error should be not more than 10 %. Vibrometers ysed with
magnetostrictive transducers should not-be disturbed by strong variable magnetic fields.

A.3 Output acoustic power using the calorimeter method

The basis of the calorimetric:method of measuring the acoustical power and its limitgtions are
discussed in references/1}-and [3]. The following is based on reference [1].

The caldgrimetric method of measuring acoustical power is based on the effect pf sound
absorptign in liguids and their heating due to absorbed energy. It is well suited for npeasuring
the acoustical power in the non-linear range, i.e. at high power levels.

It may also be used at Iow power Ievels prowded that the temperatures rise due to ujtrasound
absorptior f ‘ T er ' partty vaporize or
atomize. The energy used for this does not contribute to the heating of the liquid. Therefore the
energy level should not be too high.

Some factors may considerably reduce the accuracy of the method, notably the direct heat
conduction from the transducer to the liquid load, heat exchange between the liquid and the
surroundings and the occurrence of standing waves.

In order to eliminate or to diminish the influence of the first factor (direct heat conduction),
operating time of the transducer should not exceed 30 s. The slowness of the instrument for the
temperature measurement should, however, be taken into consideration. When thermometers
with small-scale divisions are used, the temperature indication probably reaches its maximum
value some time after the energy supply has been switched off, and therefore this indication
should be awaited. Because of this, the duration of the complete measurement will be longer
than 30 s. Therefore, thermometers with small time constants should be used and the
operating time of the transducer should be short.
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The influence of the second factor (the heat exchange between the liquid and the
surroundings) is reduced by making the initial temperature in the measuring tank nearly equal
to the temperature of the surrounding media. Heat exchange with the surroundings may also be
nearly completely excluded by using a standard calorimeter as a liquid tank.

Some modifications of the calorimetric method are used in order to eliminate the possibility that
the heat absorption by the tank walls may affect the measurement results. These are
compensation methods, using an equivalent heater in the form of an electrical wire heater with
known consumed electrical power or in the form of a lump of metal with known mass, specific
heat and high initial temperature. By comparing the heating of water in the measuring tanks
induced by the equivalent heater and by the ultrasound produced by the transducer, the
acoustical power produced by the transducer can be easily calculated.

The use [of calorimeters may introduce standing waves in the liquid bath, as a resolff of which
the acoustic load of the transducer may change greatly. This can be verified by meaguring the
electricallimpedance of the transducer and by changing its position in the bath.

A.4 Derived output acoustic power using the pressure method

Acoustic [pressure generated by a vibrating tip in water is a method(which has been long used
where there is a need to undertake measurements of the acoustic energy delivgred to a
medium. [As pointed out by Muir and Carstensen [6], developments in this field have often
relied on[the convenient assumptions of infinitesimal acoustics: Unfortunately, many of these
become [nvalid at biomedical frequencies and intensitiesy"Some examples of qugstionable
assumptipns are that the acoustic frequencies generated/by a source are the only frgquencies
produced in the medium, and that there is a linear relationship between source ampljtude and
acoustic pressure in the medium at points away from‘the source.

The underlying reasons for the invalidity of these assumptions involves harmonic distortion,
localized|extreme pressure gradients and.the*formation of shock waves which may|enhance
other effects involving cavitation, streaming,and accelerated thermal deposition in an absorbing
medium.

If one apsumes a simplified meno-frequency source, in the kilohertz frequency fegion of
interest, [which produces a sphetrically radiating pressure wave, then a linear relationship
between [tip vibration amplitude ‘and acoustic pressure is expected. However, as deskcribed by
Schafer and Broadwin [7],(the relationship is as shown in figure A.1.

Results ghown in figure A.1 are obtained using a hydrophone which complies with IEC 60500
and calcylating defived output acoustic power using the formulas in 6.5. Schafer and Broadwin
[7] report that_by-~measuring the high frequency components of the acoustic output, those
created by cavjtational implosions, and adding them to the low frequency compongnt of the
radiated gnetgy one approaches the theoretical linear model. The high frequency portjon of the
acoustic lerergy—shoutd—be—measured—with—a—hydrephone—comphyring—withHEES—60866 [8].
Because the method of obtaining the derived output acoustic power , although well known, is
not in common practice at this time, the resultant values may not provide an absolute measure
of power but rather a relative value. Understanding of these uncertainties is important.

To obtain the high-frequency component of the acoustic energy, the measurement method
used [7] accounts for the acoustic radiation caused by cavitation bubble collapse at the tip by
considering the energy in a single shock wave event, the number of events per unit time, and
the spherical divergence of the wave. This measurement method uses some innovative
computer routines and is not yet in widespread use. Therefore, until the method is more widely
used and validated, measurement and reporting of this high-frequency component of acoustic
energy should be deferred to a later edition of this International Standard. Consequently, the
exclusion of the high-frequency component will lead to an underestimation of the total acoustic
power delivered. The advantage of measuring only the low-frequency component in a recognized,
repeatable and transferable manner outweighs the lack of knowledge of the true "total" power
at this stage.
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A.5 Feedback voltage method

Some systems use feedback signals to control the power levels driving their handpieces.
These operate as closed loop resonant systems with the handpiece acting as a loss resonant
transformer whose resonant frequency is determined by the mechanical resonance of the
applicator and the handpiece. This arrangement results in the ultrasonic generator oscillating at
the resonant frequency of the applicator.

The primary tip vibration excursion in these systems is determined by the level of the drive
voltage or current delivered to the handpiece. A feedback control varies the drive signal so that
the desired feedback signal is achieved. Since the feedback signal is proportional to the
primary tip vibration excursion a reliable indication of applicator tip motion can be obtained
from measurement of the feedback signal.

NOTE — THhe feedback signal should be initially calibrated with an external measuring instrument.

A.6 Influence of air bubbles and contaminations

When measuring transducers radiating into water, the water should be-degassed, evgn though
for most pperating conditions the liquids used are saturated with air ,or‘ether gasses. However,
the meaqurements with saturated liquid loads are generally unstable,~owing to the adresion of
bubbles and the possible occurrence of cavitation at relatively lew power levels (s¢e [1] for
details). As stated in 5.2.1, depending on the type of tip beingyused, a variety of mgthods to
keep the[radiating surface "clear" of bubbles should be uséd. If a bubble cloud fornps on the
output surface of the tip it will result in masking of the true\acoustic pressure field. Suction can
be used if available or intermittent wiping of the output of the tip may be used.

A.7 Test tank

To undeftake the acoustic pressure measurements in accordance with 5.2.1, a water tank is
required [in which acoustic reflections fram its walls do not significantly interfere|with the
measurements. This may involve the use of small tank (say 0,6 m x 0,6 m x 1,3 m) lined with
acoustically absorbing material. Alternatively, a large tank (say 5 m x 10 m x 3 m) may be
used. Whichever is used, the signaldetected at the hydrophone as a result of echoeg from the
walls shguld be more than 20 dB.below the direct signal from the tip.

In additign, a rectilinear positioning system is needed to hold the hydrophone and to|enable it
to be rotated about the tipy For more details of a typical measurement system, see [7] and [9].

A.8 Derivation(of*formula for derived output acoustic power for the case
of a dipole

Because [thetip is small relative to the size of the wavelength in water, it radiates engergy as a
monopole source [5]. When it is immersed in the water tank to an immersion depth on the
order of less than two wavelengths, then a secondary, image source is created by the
interaction of the monopole sound field and the water surface (see figure A.2). Source 1 is the
true, monopole source at the tip; source 2 is the image source caused by reflection from the
water surface. The field at any point in the water tank can be found by summing the pressure
from the true and image sources. Note that the image source is 180° out of phase with the true
source.
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The total pressure amplitude piota @t the observation point in the water tank may be expressed
as (see p. 355, equation 55 of [5]):

where

_ _jock e-jkr1 e-jkr2
Poal = Psy + Psy = (5, 2)Q) s - 3 )

p is the density;

¢ is the sound speed;

k is the wave number (217A);
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bression is integrated over a spherical surface, the total power radiated from
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By solving equation A.3 for Qg and-substituting into equation A.2, an expressio
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power using an on-axis~pressure measurement can be found. For the case
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h for the
in which

the immdrsion depth is one-quarter of a wavelength, such that d is A/2, and (kd) equals T, then
the exprgssion for radiated power from an on-axis, far-field pressure measurement is:
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