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used in electrical.technology, |EC 60417: Graphical symbols for use on equipment.
Index, survey amd“compilation of the single sheets and IEC 60617: Graphical symbols
for diagrams.

* See’web site address on title page.



https://iecnorm.com/api/?name=429084dec0bf35e7ed4ea6bf6dd34925

INTERNATIONAL IEC
STANDARD 61846

First edition
1998-04

Ultrasonics —

Pressure pulse lithotripters —
Characteristics of fields

Ultrasons —

Lithotripteurs a ondes de pression —
Caractérisation des champs

= f = i f fon réservés

Aucune partie de cette publication ne peut étre reproduite ni No part of this publication may be reproduced or utilized in
utilisée sous quelque forme que ce soit et par aucun any form or by any means, electronic or mechanical,

procédé, électronique ou mécanique, y compris la photo- including photocopying and microfilm, without permission in
copie et les microfilms, sans I'accord écrit de I'éditeur. writing from the publisher.

International Electrotechnical Commission 3, rue de Varembé Geneva, Switzerland
Telefax: +41 22 919 0300 e-mail: inmail@iec.ch IEC web site http: //www.iec.ch

Commission Electrotechnique Internationale PRICE CODE U
International Electrotechnical Commission
MemnyHaponHaﬂ SneKTpOTeXHW-IeCHaFl HKomuccusa

For price, see current catalogue



https://iecnorm.com/api/?name=429084dec0bf35e7ed4ea6bf6dd34925

CONTENTS
FOREW ORD ... e ettt ettt e et e e ae e
INTRODUGCTION Lottt et ettt e et et e e et e aen e enennas
Clause
S Yoo o TP PTPRPT
2 Normative references..........o..oeeeeeeenieenieeieieieee e
3 DEfiMItIONS .o e ]
4 LISt Of SYMDOIS ..o DT
5 Condlitions of MEaSUrEMENT ......c.uiiiiiiiiiiieic e DT e
I I = 11§ =T 10T o = o v S,
6.1 [Test chamber.......c.cooiiiiiiii e b
6.2 HYArOPNONE ..o G e
6.3 Moltage measurement .........cooeeviiiiiiiiineiee e
7 Measurement ProCeAUIE ...ovvviiiiriieiieneeee e e Y e
7.1 Bpatial MeaSUrEMENTS ... b et et e e
7.2 Temporal MeasuremMents .....cocoovvvieniee e e
7.3 JACOUSLIC €Nergy MeasUrEMENTS. . ... e ettt
Annexes
A ACOUSEIC WaVE lIENOTIIPSY . uiee ottt e e e e e
B Typds of pressure wave tranSAUCEIS ......ccuuiuniii et
C  Field MeasSUIremMENT ... i e e e
D Biblipgraphy. ... e

—2- 61846 © IEC:1998(E)

10
10
11
11
11
12
12
12
14
14

16
18
20
25


https://iecnorm.com/api/?name=429084dec0bf35e7ed4ea6bf6dd34925

61846 ©

IEC:1998(E) ~3-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS -
PRESSURE PULSE LITHOTRIPTERS —
CHARACTERISTICS OF FIELDS

FOREWORD
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Annexes

A, B, C and D are for information only.

In this standard, the following print types are used:

— requirements and definitions: in roman type;

— NOTES: in smaller roman type;

— compliance: in italic type;

— terms used throughout this standard which have been defined in clause 3: small case

roman

bold type

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

Extracorporeal lithotripsy is used for the clinical treatment of renal, ureteric and biliary stones.
Lithotripsy employs high-intensity acoustic waves to produce disintegration of the stones
through a process of sequential application of pressure waves. Several different forms of
lithotripsy equipment are now commercially available from a number of manufacturers.

This International Standard specifies methods of measuring and characterizing the acoustic
pressure field generated by lithotripsy equipment.
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ULTRASONICS -
PRESSURE PULSE LITHOTRIPTERS —
CHARACTERISTICS OF FIELDS

1 Scope

This International Standard is applicable to

— lithotripsyequipment —using extracorporeally induced pressure waves,

— lithotripsy equipment producing focused mechanical energy.

This Inte

This Inte

— measyrable parameters which could be used in the declaration. of the acoustic

extrac

— methods of measurement and characterization of the'“pressure field gene

lithotri

NOTE - T
statements
statement

While th

lithotripsy , it has been developed such.that, as long as no other specific stang

available
pulse eq

2 Norm

The follo
constitutd
indicated
agreeme

of applyimg the most recent editions of the normative documents indicated below. Me
SO maintain registers of currently valid International Standards.

IEC and

IEC 6005

national Standard specifies

orporeal lithotripsy equipment

psy equipment

e parameters defined in this International Standard do.not — at the present time — allow
to be made about effectiveness and possible hazard. In particular, it is not possible
hbout the limits for these effects.

is particular standard has been developed for equipment intended fo

to be used for other medical applications of therapeutic extracorporeal
Lipment, this standard may be.used as a guideline.

fative references

Wwing normative documents contain provisions which, through reference in
b provisions of this International Standard. At the time of publication, the
were valid.\\AIl normative documents are subject to revision, and
nts based{onthis International Standard are encouraged to investigate the |

national Standard does not apply to percutaneous and laser lithotripsy equipment

output of

rated by

jjuantitative
to make a

r use in
ards are
pressure

this text,

editions
arties to
bossibility
mbers of

and electroacoustics

—Acoustics

IEC 60866:1987, Characteristics and calibration of hydrophones for operation in the frequency
range 0,5 MHz to 15 MHz

IEC 61102:1991, Measurement and characterisation of ultrasonic fields using hydrophones in

the frequ

ency range 0,5 MHz to 15 MHz
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3 Definitions
For the purpose of this International Standard, the following definitions apply.
3.1 acoustic pulse energy

3.1.1

derived acoustic pulse energy

spatial integral of the derived pulse-intensity integral  over a circular cross-sectional area of
radius R in the x-y plane which contains the focus

Symbol: Fg
Unit: joulg, J

D

3.1.2
derived fpcal acoustic pulse energy
spatial infegral of the derived pulse-intensity integral  over the focal cfess-sectional area

Symbol: E;
Unit: joulg, J

D

NOTE - THis definition may overestimate E if the aperture of the pressureulse generator is large.

3.2
beam axis
line passjng through the geometric centre of the aperture of the pressure pulse gengrator and
the focus

NOTE - This line is taken as the z axis. See 6.1 and clause 7.

3.3
compressional pulse duration
time intefval beginning at the first'time the instantaneous acoustic pressure  exceedp 50 % of
the pealf-positive acoustic pressure and ending at the next time the instantaneous

acoustic pressure has thatwalue (see figure C.1)

Symbol: feywpmp+
Unit: secpnd, s

NOTE - The subscript 'FWHM" stands for "full width, half maximum".

3.4

derived |||Qn-in1’nncihj/ infngr:\l

time integral of the instantaneous intensity at a particular point in a pressure pulse field over
the pressure pulse waveform (see 3.31 of IEC 61102)

Symbol: PII
Unit: joule per metre squared, J/m?

3.5

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 a 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 61102)

Symbol: M
Unit: volt per pascal, V Pa~1
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3.6

focal cross-sectional area

area of the peak-compressional acoustic pressure contour which is —6 dB relative to the
value at the focus and is in the plane, perpendicular to the beam axis, which contains the
focus

Symbol: A¢
Unit: metre squared, m?

3.7

focal extent
shortest distance along the z axis that connects points on the —6 dB contour of peak-positive
acoustic pressure i the x—zptanme omreither sideof thefocus

Symbol:
Unit: metre, m

~

3.8
focal volyme
volume in space contained within the surface defined by the —6 dBArelative to the value at the
focus ) peak-compressional acoustic pressure contours measured around the focug

Symbol: V¢
Unit: metre cubed, m3

NOTE - It |s difficult to measure —6 dB points throughout the velunte around the focus . It is reasonablelin practice
to approximate the focal volume from measurements taken in three orthogonal directions: the beam axis (z axis);
the directign of maximum beam diameter (x axis); the axis perpendicular to the x axis (y axis).

3.9
focal width, maximum
maximunp width of the —6 dB contour ef-p, around the focus in the x-y plane which| contains
the focus

Symbol:
Unit: metre, m

<

3.10
focal width, orthogonal
width of the —6 dB"contour of p, around the focus, in the x-y plane which contains the focus ,
in the dirgctionsperpendicular to f,

F

Symbol: Y
Unit: metre, m

3.11
focus
location in the pressure pulse field of the maximum peak-positive acoustic pressure

3.12

hydrophone

transducer that produces electrical signals in response to waterborne acoustic signals
[IEV 801-32-26] (see also IEC 60866)
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eous acoustic pressure

pressure minus the ambient pressure at a particular instant in time and at a particular point in

an acous

tic field (see also 801-21-19 of IEC 60050(801))

Symbol: p
Unit: pascal, Pa

3.14
instantan

eous intensity

acoustic energy transmitted per unit time in the direction of acoustic wave propagation per unit

area nor

mal to this direction at a In::;rfir‘nl:ar instant in time and at a partir‘nlar o}

int in an

acoustic

For mea
assumed

where
p is the
Z is the

(See alsd

Symbol:
Unit: wat

3.15
lithotripsy
device fo

NOTE — Ki
pain and ca

3.16
peak-negd

maximunp of thésmodulus of the rarefactional acoustic pressure at any spatial locati

pressure

field

surement purposes referred to in this standard, where far-field conditions
. the instantaneous intensity , /, is expressed as:

2
P
Z

nstantaneous acoustic pressure
characteristic acoustic impedance of the medium.

3.21 of IEC 61102.)

per metre squared, W/m?2

equipment
I disintegrating calculi.and other concretions within the body

own applications include, renal stones, gallstones, pancreatic duct stones, salivary stones,
[cification in tendons.

ative acoustic pressure, peak-rarefactional acoustic pressure

pulse )*field (see 3.26 of IEC 61102)

may be

brthopaedic

on in the

-

Symbol:

4

Unit: pasc:cll, Pa

3.17
peak-pos

itive acoustic pressure, peak-compressional acoustic pressure

maximum compressional acoustic pressure at any spatial location in the pressure pulse field
(see 3.27 of IEC 61102)

Symbol: p,
Unit: pascal, Pa

3.18
pressure

pulse

acoustic wave emitted by the lithotripsy equipment
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pressure
temporal
pressure
acoustic

3.20

IEC:1998(E) —9-

pulse waveform

waveform of the instantaneous acoustic pressure at a specified position in a
pulse field and displayed over a period sufficiently long to include all significant

information in the pressure pulse

pulse-pressure-squared integral
time integral of the square of the instantaneous acoustic pressure over the pressure pulse

waveform

Symbol: p,

Unit: pascal squared seconds

3.21

rise time

at the fo¢us, time taken for the instantaneous acoustic pressure to increase fron
90 % of the peak-positive acoustic pressure  (see figure C.1)

Symbol: §,

Unit: secpnd, s

3.22

target lodation

location ih space where the manufacturer intends the user to locate the calculi

3.23

temporallintegration limits

3.23.1

positive temporal integration limits

times befween which the positive acoustic pressure  first exceeds 10 % of its maxim|
and the first time it reduces below'10"% of its maximum value

Symbol: [p

Unit: secpnds

3.23.2

total temporal integration limits

times befweenswhich the absolute value (modulus) of pressure pulse waveform first
10 % of ifs maximum value and the last time it reduces below 10 % of its maximum va
Symbol: T

Unit: seconds

10 % to

um value

exceeds
ue
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4 List of symbols

As focal cross-sectional area

E;: derived focal acoustic pulse energy

Eg: derived acoustic pulse energy

f: focal width, maximum

fy: focal width, orthogonal

f,: focatexternt

I instantaneous intensity

M, : end-of-cable loaded sensitivity of the hydrophone
p: instantaneous acoustic pressure

p_: peak-negative acoustic pressure

P, peak-positive acoustic pressure

pi: pulse-pressure-squared integral

PII: derived pulse-intensity integral

t,: rise time

trwHwmp+:| compressional pulse duration

Tp: positive temporal integrationlimits

Tt total temporal integratiop/limits

Vi focal volume

Z: characteristie 'acoustic impedance of the medium
5 Condjtions of-tmeasurement

Measureyents shall be performed in a situation approximating conditions of actual gperation.

Parametgrs<to be considered include:

— pressure pulse generator drive level;

— rate of pressure pulse release;

— ambient temperature;

— electrical conductivity of water in the measuring tank;

— temperature and oxygen content of water in the measuring tank.

The values of these parameters at which the measurements are made shall be noted.

Degassed water (see annex C) at 20 °C to 40 °C should be used in the measuring tank (test
chamber) which shall be large enough to allow the measurement environment to approximate
free-field conditions. If degassed water is not used, great care shall be taken to ensure that

bubbles do not collect on the hydrophone nor anywhere in the beam path.
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The conductivity of the water shall be suitable for the hydrophone being used. The calibration
of the hydrophone shall be known at the temperature of the water in the measuring tank.

6 Test equipment

6.1 Test chamber

The test chamber shall be a water tank constructed in a form that can be securely fixed to the
pressure pulse generator so that the acoustic output from the pressure pulse generator is
coupled into a volume of water. The chamber shall be sufficiently large to allow the expected
position of the focus to be several centimetres away from any reflective boundary, in particular
the water surface. The distance between the focus and reflective boundaries shall be chosen
such thgt no spurious or multiple reflections of the pressure pulse interfere |with the
measurements.

There shpll be a suitable mechanical holder for the hydrophone which shallche mounted on a
coordinate positioning system to allow adjustment and measurement af-the positipn of the
hydrophdne in three orthogonal directions relative to the focus. One-axis (z axig) of the
co-ordingte positioning system shall be collinear with the beam axis, The relative ppsition of
the hydrdphone shall be measurable with a precision of 0,5 mm of better.

Care shpll be taken to ensure that the coupling membranes do not influgnce the
measurements. The coupling media shall be as specified ly'the manufacturer.

6.2 Hydfophone

The hydrpphone shall have characteristics complying with IEC 60866.

For the purposes of this standard, two classes of hydrophones are specified:

— afocus hydrophone ;

— afield hydrophone .

6.2.1 Folcus hydrophone

The focus hydrophone (shall be equivalent to a single-film piezopolymer spot-poled nfembrane
type not tfhicker than.25.pm (see annex C and IEC 61102).

Calibratign shalkbe performed in the frequency range 0,5 MHz to 15 MHz in accordance with
the requifements of IEC 60866.

The frequency response shall not vary by more than £3 dB over the calibrated frequency range.

The effective diameter of the hydrophone shall be not greater than 1,0 mm, it should be as
small as possible and its value shall be stated.

NOTE — The lower frequency limit of current hydrophone calibration according to IEC 60866 and IEC 61102 is

0,5 MHz. It would be desirable, however, for the purpose of the measurements described here to extend the
hydrophone calibration to lower frequencies, at least to 0,2 MHz.

6.2.2 Field hydrophone

The field hydrophone shall have a robust construction and shall have a response which does
not vary by more than +3 dB per octave over the frequency range from 0,5 MHz to 15 MHz.

The effective diameter of the hydrophone shall be not greater than 1,0 mm, it should be as
small as possible and its value shall be stated.
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The sensitivity of the hydrophone shall not vary by more than +10 % over the course of the
measurements.

NOTE — Two different hydrophones are permitted because many of those suitable for measurements at the focus
are very fragile. A more robust, less highly specified device is therefore permitted for general field measurements.
Care is to be taken, when selecting a field hydrophone to select a type which will provide the needed linearity and
negative acoustic pressure readings of the high pressures encountered.

6.3 Voltage measurement
6.3.1 Oscilloscope or transient recorder

The device used to observe and measure the hydrophone output signal shall be appropriate
for the pyrpase its frequency respanse and input capacitance and resistive impedance shall be
reported.[ A digital oscilloscope with a sampling frequency greater than 100 MHz is the
preferred option, although a transient recorder and digital storage for subsequent computer
display may be satisfactory.

The end-of-cable loaded sensitivity of the hydrophone shall be determined as specified in
5.1.2 of [EC 61102, this value shall then be used to calculate the incident acoustic pressures
from the pbserved hydrophone output voltages.

6.3.2 Pressure-pulse-waveform recording

The outppt voltage waveform from the hydrophone shall heyrecorded in such a way ap to allow
the meaqurement or calculation of:

instantaneous acoustic pressure , p;

— peak-negative acoustic pressure , p_;

— peak-positive acoustic pressure , p,;

— rise time , t;

— compressional pulse duration , frigNip+;

— instantaneous intensity , /.

7 Measurement procedure

The measurements shall be made at least at one clinical setting as specifiefl by the
manufacfurer. If only-One setting is used, this setting shall be the maximum avajlable for
clinical application:The settings used shall be documented.

Using the x-y-zscoordinate positioning system, with the z direction being the beam pxis , the
following|measurements shall be made to define the spatial characteristics of the beam.

The x axis shall be taken as the direction of the maximum beam width in the x-y plane which
contains the focus. The distance between the focus and the target location shall be
documented. If the peak-positive acoustic pressure  p, in the target location does not differ
by more than 10 % of p, in the focus, it is feasible to do the measurements in the x-y plane at
the z position indicated by the target location .

7.1 Spatial measurements

The spatial distribution of acoustic pressure shall be measured in the test chamber.
The maximum sampling interval shall be the lesser of 1 mm or 1/5 th of the minimum width of
the —6 dB isobar in the x-y plane. It shall be the lesser of 2 mm or 1/5 th of the maximum
dimension of the —6 dB isobar in the x-z plane. If the values of p, from sampling point
to sampling point do not differ by more than 10 %, the sampling intervals can be extended,
e.g.to 50r 10 mm. The sampling intervals actually used shall be documented. The field
hydrophone may be used.
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NOTE 1 — It may be worthwhile to perform measurements in the vicinity of the target location to locate the focus
and hence define the direction of the z axis, before making other measurements. (See annex C.)

NOTE 2 — The direction of the x axis will be provisional until the plot detailed in 7.1.1 has been completed.

NOTE 3 — Care is to be used in selecting hydrophones of sufficient linearity in negative and positive regions so
that the 6 dB measurements can be made without distortion.

7.1.1 Beam plots of peak-positive acoustic pressure

The values of peak-positive acoustic pressure in the x-y plane which contains the focus
shall be measured. The —6 dB beam widths shall be determined from the —6 dB contour plot.

NOTE — At each value of y that peak-positive acoustic pressure is measured, pulse intensity integral should
also be determined since the two curves are not identical and there can be significant differences between the
areas under_the curve as calculated from peak-positive acoustic pressure versus pulse intensity integral

(See 7.3.1.

The orieptation of the x axis shall be chosen such that it corresponds to the,ditectipn of the
maximunj beam width.

The varigtion of peak-positive acoustic pressure in x-z and y-z planes shall be meagured and
plotted af least as a —6 dB contour in each plane.

7.1.2 Bejam plots of peak-negative acoustic pressure

The valups of peak-negative acoustic pressure in x-z and y-z planes shall be measured.
These measurements shall be used to estimate the site.and magnitude of the maximyim peak-
negative [acoustic pressure

These mpasurements are very difficult to make ingpractice and the limits for spatial [sampling

intervals [may be relaxed. If the difference in p_xdoes not exceed 10 % from point to point, the
sampling|intervals may be chosen accordinglysThe intervals used shall be declared.

7.1.3 Focus

The separation of the focus and-the target location shall be determined to a precision of
+2 mm in the x and y directions and +3 mm in the z direction.

7.1.4 Folcal width

The width of the —6 dB~contour in the x direction, focal width, maximum , f, and in the
y direction, focal width, orthogonal , f, shall be measured from the results derived from 7.1.1.

7.1.5 Folcal extent

The lengthvof the —6 dB contour along the z direction, f,, shall be measured from the —6 dB
contour in the x-z plane derived from 7.1.1.

7.1.6 Focal area

The focal cross-sectional area along the x and y axes shall be established from the spatial
distributions.

NOTE — It is reasonable to approximate the focal cross-sectional area to an ellipse with axes of lengths f, and f,.
7.1.7 Focal volume

The focal volume along the x, y and z axes shall be established from the spatial distributions.

NOTE - It is reasonable to approximate the focal volume to an ellipsoid with axes of lengths f, fy and f,.
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7.2 Temporal measurements

A focus hydrophone shall be positioned at the focus in such a way as to register the peak-
positive acoustic pressure to a precision of 20 %.

The pressure pulse waveform shall be measured at the focus. The following parameters
shall be derived:

— peak-positive acoustic pressure  and the peak-negative acoustic pressure ;
— compressional pulse duration

— rise time

7.3 Acolstic energy measurements
7.3.1 Pulse-pressure-squared integral

The pulsg-pressure-squared integral  at any point (r, 6) shall be given/by:
(r,0) = [p2(r0.1) dt
p|(r1 )_Ip (r! !) (1)
T

NOTE — Thle temporal limits over which integration is performed, T, should be stated and can be either T} or Tr.

7.3.2 Derived pulse-intensity integral

The deriyed pulse-intensity integral at any paint (r, 6) shall be given by:
1c2
PIIf.0) = J’ p“(r,6,1) dt (2)
T
NOTE — Thle temporal limits over which integration is performed, T, should be stated and can be either T} or Tr.

This measurement shall be~-tmade with a focus type hydrophone .

7.3.3 Derived focal acoustic pulse energy

The deriyed focal acoustic pulse energy shall be calculated from measuremenjts of the
derived pulse=intensity integral taken within the region of the focal cross-sectional area

h H (] £ 1 . 1 L 1 1 - (4
The derived—focatacoustic purseenergy nray e carctratet MonT:

_1 2 _
E, = ZJS'JT'p (r,8,1)dS dt—J; PII(r,8) dS 3)

NOTE — The temporal limits over which integration is performed, T, should be stated and can be either T, or Tr.
where
p (r, 6, t) is the instantaneous acoustic pressure  at position (r, 8) and time t;

S is the surface lying in the plane passing through the focus and perpendicular to the
beam axis , with spatial polar coordinates r and 6; bounded by the —6 dB contour.

V4 is the characteristic acoustic impedance of water (see annex C).
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7.3.4 Derived acoustic pulse energy

The acoustic pulse energy shall be calculated from measurements of the derived pulse-
intensity integral taken within an area S defined as a circular cross-sectional area of radius R.

_1 2 _
Eg= ZJS’JT’p (r,6,t)dS dt [ Pll(r,8) dS (4)

The value of R shall be specified and should be chosen to mimic a stone.
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Annex A
(informative)

Acoustic wave lithotripsy

A.1 Background

Renal and ureteric stones are very common in many countries and in Western Europe the

incidenc

is estimated at 3 % to 4 % of the population. To this figure must also be added the
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bous lithotripsy has become important as another example of minimally
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out 1978 two new methods, percutaneous ultrasonic lithotripsy and extraporporeal
, have grown in importance and a large number of operatiens now involve dne or the
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asonic equipment for this application was.-based on continuous wave soyrces and
ntact applicators. Extracorporeally induced "stone destruction is usually cgrried out
e application of sequential pressure{waves. The use of laser technigues for

invasive

O0s increasing interest has_been shown in the literature in evaluating the patential of
nsity acoustic waves for. the treatment of orthopaedic pain, delayed bong fracture

ept of the use.of ultrasonic energy for stone disintegration was reported ag early as

practicakwork was carried out in the early 1970s. The slowness of the aftion has
] wide adoption of the method, although equipment is still produced.
clsions

It is not proposed to discuss percutaneous or semi-invasive systems, including laser lithotripsy,
although the latter may be a combination of localized plasma and shock wave action. Only
extracorporeally induced pressure pulse methods and instruments will be considered.

A.4 Extracorporeally induced lithotripsy

This method of treatment is rapidly growing in importance despite the high capital cost of
equipment. Pioneered in Germany the process has become popular with patients due to the
non-invasive nature of the procedure and the short treatment and recovery time. Several
different forms of the equipment are now available from a number of manufacturers.
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An important factor in the procedure is the accurate determination of the stone location and the
orientation of the transducer to position the focal volume at the stone. This is carried out using
X-ray or diagnostic acoustic scanning in three dimensions. With an ultrasonic scanning system
an examination of progress can be undertaken in real-time.

The treatment time is very variable and depends critically on the lithotripter system, as well as
on the form, location and size of the stone. With kidney stones the disintegrated fragments are
passed through the ureter, bladder and urethra by normal excretory processes during the next
few days. Gall stones are somewhat more difficult to deal with because of their anatomical
location and in some cases their relative softness.
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Annex B
(informative)

Types of pressure wave transducers

B.1 Introduction

Four techniques are at present employed for the generation of the required pressure pulse ,
the operating principles being: spark discharge: piezoelectric excitation: electramagnetic
inductionf chemical explosion. Future equipment may use magnetostrictive elements; pased on
the new massive magnetostriction materials. In the three electrical systems, the-shor{ duration
high peak energy is supplied by the electrical discharge of a bank of capacitor$ into an
electrome¢chanical transducer. The chemical system employs small explosive| charges
detonated within a focusing reflector.

B.1.1 Spark discharge

An ellipsopidal reflector is used with a spark gap mounted at onge of the two foci. The gpark gap
may be g self-contained unit that is easily demountable for{servicing or replacement. In most
cases the life of the discharge tips is relatively short.and ease of replacement forms an
important part of the design. The gap can be in the form af a cartridge or fitted as two[separate
electrodes. The reflector may be closed by a flexible diaphragm and filled with degassed water
or other acoustically efficient transmissive liquid. Application to the patient may be frgm above
or below jand many different versions are available.

Close control of the duration and intensity“ef the discharge is necessary and the [electrical
charge characteristics are accurately monitored.

B.1.2 Pjezoelectric

The transducer can be of ¢we types. The more common form is composed off multiple
piezoeledtric ceramic elements mounted in a mosaic pattern on a spherical dish. Each element
is synchfonized to ensure’ simultaneous operation and the large aperture energy source
provides [accurate focusing of the pressure wave. Unlike a spark gap, each individu1 element
has a relatively low)emission energy, high intensity occurs only at the focus. The Ipw stress
lengthens$ the maintenance-free period and ensures high reliability. The breakdown|of a few
isolated [elements will not materially affect the overall performance and the comstruction
enables 1hese to be replaced.

A second form uses a ring or tubular piezoceramic transducer mounted within a focusing
parabolic reflector.

Plane wave sources can also be used and focusing is produced using acoustic lenses
manufactured from plastics or metals.

B.1.3 Electromagnetic

One type of electromagnetic transducer employs a spirally wound "pancake" coil to move a
metal diaphragm in a liquid-filled cylinder. The plane wave front is focused with an acoustic
lens to provide a convenient focal point within the patient. The front of the cylinder in contact
with the patient is closed by a flexible diaphragm.

Another type uses a paraboloid reflector with a cylindrical electromagnetic transducer mounted
on the axis of the reflector.
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B.1.4 Magnetostrictive

The development of high-efficiency magnetostrictive materials has stimulated development of
single-pulse transducers operating with low-voltage drives. Commercial exploitation has not yet
commenced.

B.1.5 Chemical

Small explosive charges mounted on an "ammunition belt" are located one at a time at the
internal focus of an ellipsoidal bowl. The discharge produces a rapidly expanding gas bubble
which causes the acoustic pressure pulse .

B.2 Poskitioning systems

The accl
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dimensiopal space, the detection method should be capable of defining) all axes.
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Annex C
(informative)

Field measurement

C.1 Measurement probes and hydrophones

A number of pressure wave measuring devices have been used for determining the
characteristi ' ' i : i pressure
transducers are generally inadequate for these measurements due to the transient, |jhature of
the pulsg, the short rise-time and the very short time of the occurrence. The high pressures
found at|the focus enforce limitations on the type of detector not normally~found in other
applicatigns. The high-frequency response required, up to 100 MHz, for, ‘the shori-duration
pulses also imposes limits on the design of robust elements. (See [18] [19]»)

The meapuring hydrophone should ideally have a flat frequency response extending over the
range frgm well below the acoustic working frequency of the lithotripter, usually apprpximately
0,25 MHz, to a frequency as high as possible (see [19] «and [20]). Thus idg¢ally, the
hydrophdne should have an overall frequency response flat té_within +3 dB over the|[range of
0,05 MHz to 100 MHz. Furthermore, the hydrophone sheuld also have an active element of
effective [diameter which is no greater than 1 mm over th@ whole frequency range. It i$ realised
that currently used hydrophones do not comply with this demanding specification. Tlherefore,
the hydrgophone performance specifications given ‘inv6.2.1 and 6.2.2 are strictly insufficient,
but are cpnsidered practical and realizable at the present time.

Below is|a general discussion about hydrophiones and detection methods which have been
used to monitor and characterize lithotripter\pulses.

Detectors are required to perform two functions: measurement of the amplitude of the shock
wave at the focus ; trace of the shape of the pressure envelope.

Piezoele¢tric polymer membrane hydrophones are widely employed. (See tables C.1 and C.2.)

Some hydrophones with_a rigid backing to the polymer element do not reproduce the
rarefactignal portion of shock waves demonstrated with membrane type hydrophones.

Whichever type is-used, care has to be taken to ensure that the output of the hydrophone is
properly terminated and handled before being fed into the measuring device.

Capacitaphce’ hydrophones and optical techniques involving interferometry are avallable but

R Lakivsal Leatad A liffio e oo L o
require reratvery-tomprcatetantairmcthrantrhgproceattes:

Acousto-optic fibre hydrophones have been developed (see [9]-[12]). Quartz-glass fibres
seem capable of reproducing the rarefactional acoustic pressure more faithfully than
membrane hydrophones. They are reported to be more sensitive to the presence of cavitation
bubbles and the fibre tip has a limited lifetime. However, their repair and recalibration is
described as uncomplicated.

An electromagnetic probe has been developed [14] which is based on the pressure wave
stimulated movement of a metal ball coupled to a coil held within a magnetic field. This
extremely robust device is more useful for the indication of the total energy of the pressure
pulse rather than its shape.

* Figures in square brackets refer to the bibliography given in annex D.
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Pressure sensitive paper is also available for use at the pressures found in the focus of a
lithotripter although its value for quantitative measurements is not clear (see [2]).

Model stones may be used as a test of overall system efficacy. Stones are available with
sufficiently well controlled construction that this method is valuable for routine checking.

The spatial and temporal measurements in the focal region are carried out only for the pattern
evaluation and basic evaluation in specialized laboratories with focus hydrophones and
precision instruments. The continuous day-to-day monitoring of lithotripter performance may be
carried out by scanning in a few non-focal planes perpendicular to the beam axis at specified
axial distances from the focal point. In this case the user will not need a focus hydrophone
The requirements for the measuring equipment are less strict.

For mon|toring shock waves in real-time it is useful to use an integrated hydrophone, for
example |on the inner surface of the ellipsoid. To improve the reliability of,this” day-to-day
monitoring it is necessary to carry out similar measurements for pattern .evaluatign and to
determing the correlation of measurements in the focal and non-focal planes;

and field
be used

Table CJ1 gives guidance on the choice of different hydrophones- for focus
measurements. Table C.2 gives guidance on other techniques and, probes which may

for qualit

assurance purposes.

Table C.1 — Hydrophones possible for focus and-ield measurements

Degcription

Use

Remarks

Literature (exafnples)

PVDF single-sheet
spot-poled membrane,
less than 2p um thick

Focus hydrophone

Life nray be restricted to
few-shocks

see [3] to [5]

PVDF needle type

Field hydrophone

Widely used for lithotripter
measurements

see [7], [8] and [22]

Laser optic|fibre

Focus and field type

Easy repair and
recalibration following
stress failure

see [9] to [12]

PVDF single-sheet
spot-poled [mnembrane,
less than 5p um thick

Focus andfield type

Designed for extended life
with disposable
hydrophone elements

see [16] and [17]

Taple C.2 £ Measurement techniques and probes for quality assurance purposes

Probe Features Parameter measured Literature (examples)
Capacitive nnpling | arge sensitive arca Pressure waveform seeo [1 Q]
Capacitively coupled PVDF [ Large sensitive area, very Pressure waveform see [6]
spot poled membrane robust
Steel ball Very robust Energy per pulse see [14]
electromechanical Pressure waveform
Model stones Mimics clinical application | Destructive force per pulse |see [15]
Pressure sensitive paper Robust, qualitative field Spatial pressure see [2]

parameters

distribution, semi-
guantitative peak pressure
measurement

Piezoelectric hydrophones
with metal-coated elements

Robust

Pressure waveform

Used for quality control of
stability of shock-wave
generation
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C.2 Test chamber

The measurement of the pressure wave and the mapping of the focal zone can be carried out
in a chamber filled with degassed water.

In one type of test chamber, a transducer positioning system is mounted at the top of the
chamber with remotely controlled stepping motors for driving the hydrophone carrier in three
separate axes. The pressure-wave generator is placed beneath the acoustic diaphragm and
pressed firmly against it after coating with a coupling gel to assist in energy transfer. In some
lithotripters the pressure-wave unit may be inclined and it will be necessary to construct the
chamber base at a matching angle.

For megsurements of pressure pulse waveform and peak-compressional Qafoustic

pressure|, it is essential that the hydrophone is accurately positioned at the-fo¢us. The
location (letector and visualizing unit integral with the lithotripter is used for ‘an”approximate
siting. Wjith membrane hydrophones a small metal disc is placed on the\membrape at the
position pf maximum sensitivity and the visualizing unit can detect theydense mgss. It is
removed |after positioning and the hydrophone finally adjusted for the maximum sign4|.

C.3 Degassing procedures

Measurements involving water baths should use distilled and degassed water. This
requirement may be slackened if the interval between pulses is sufficiently long so thatt bubbles
created hHave time to be reabsorbed.

A numbefr of methods are available for degassingiwater and the following are representative.
The efficacy of the above procedure may be chécked by determination of the dissolved oxygen
content in samples of degassed water usingtidissolved oxygen test kits. It is impoftant that
bubbles ¢o not collect at the surface of the\hydrophone.

C.3.1 Bpiling

a) Water|maintained at boiling temperature for 15 min.
b) Coolefl to 54 °C.

c) Bottle|filled to brim with.the boiled water and closed with rubber stopper having a dlass tube
and rpbber hose attached. The hose should be completely filled with water pnd then
clampkd.

d) Cooledl and stored until needed with a partial vacuum maintained in the hose.

C.3.2 Bpilidg at reduced pressure

Water boiled under reduced pressure (less than 104 Pa) in 201 glass jars using electric
immersion heaters, then allowed to cool to 39 °C overnight. The same temperature and
reduced pressure are maintained until the water is used (1 day to 1 week later).

C.3.3 Reduced pressure spray

Water passed into a partially evacuated flask (pressure less than 104 Pa) in the form of a fine
spray. Degassing is effected by the agitation of the inflowing water combined with the large
surface area of the droplets.
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