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Abstract – This paper describes a novel acoustic sensor of
potential application in monitoring cavitation occurring within
ultrasonic cleaning vessels. The sensors, fabricated in the
form of hollow cylinders, are manufactured from a thin (110
mm) piezoelectric polymer whose acoustic bandwidth (10
MHz) is sufficient to detect the high-frequency signals
generated by cavitating bubble collapse. One of the key
characteristics of the sensors is their spatial resolution:
acoustic signals detected at high frequencies originate from
bubble events occurring within the hollow cylinder itself. To
isolate these, the cavitation sensors are encapsulated in a 4
mm thick layer of a specially-developed acoustical absorber
acting as a shield to bubble events occurring outside of the
sensor volume. The construction of the new sensor is
described, and early results of its response in the acoustic
field of an ultrasonic cleaning vessel are presented.

(The novel sensors described in this paper are covered
under a UK Patent Priority Application No. 9921982.6).

I. INTRODUCTIONI. INTRODUCTIONI. INTRODUCTIONI. INTRODUCTIONI. INTRODUCTION

Even though the application of ultrasonic cleaning technol-
ogy is widespread, standardised procedures for assessing

the cleaning performance have been extremely difficult to
establish [1]. One mechanism believed to play a key role in
cleaning is acoustic cavitation. Acoustic cavitation may be
described as the oscillation and implosion of small stabilized
gas bubbles within a fluid medium. Despite the crucial role
played by cavitation, there are currently no accepted meth-
ods for quantifying the ‘amount’ of cavitation occurring. In a
recent worldwide survey of equipment manufacturers and
users, a strong requirement for such techniques was identi-
fied [2]. Furthermore, establishing reliable and validated
sensors was seen as essential in underpinning the develop-
ment of such methods.

Methods which have been applied to monitor cavitation,
usually involve measuring the direct effects of cavitation,
such as light emission, free-radical generation and erosion
[3]. It is also well documented that, in response to a forcing
acoustic field, bubbles act as secondary acoustic sources
whose emission spectra contain distinct features intimately
related to the dynamics of bubble motion. One feature is the
broadband continuum noise which is commonly associated

©2000 IEEE. Reprinted with permission from 2000 IEEE
Ultrasonics Proceedings, Volume 1, pp417–420.
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with the onset of violent inertial cavitation [3]. This paper
describes a new type of passive acoustic sensor, designed to
monitor high frequency acoustic signals generated by
cavitation.

II. Sensor ConceptII. Sensor ConceptII. Sensor ConceptII. Sensor ConceptII. Sensor Concept

A number of desirable features of any cavitation sensor
can be defined. It should:-

· be as unperturbing as possible to the direct acoustic field
generated by the cleaning vessel;

· possess a wide measurement bandwidth, extending into
the MHz region, enabling it to detect the broadband
acoustic energy generated by the bubble collapse;

· be based on a focussed receiver concept, so that the
acoustic energy monitored from the bubble collapse can
be associated with a specific volume of the fluid, provid-
ing the sensor with spatial resolution.

III. Sensor RealisationIII. Sensor RealisationIII. Sensor RealisationIII. Sensor RealisationIII. Sensor Realisation

A schematic of the developed cavitation sensor is shown in
figure 1. It consists of a hollow right-circular cylinder of

internal diameter 30 mm, made from an inner strip of piezo-
electric polymer film, acting as a passive acoustic receiver.
The film thickness of 110 micron, has a theoretical resonance
at of 9 MHz, providing it with a response at the frequencies
of interest. The piezo-film is encapsulated in a 4 mm thick
layer of a polymeric material which will be referred to
hereafter as a cavitation shield. A special moulding tool has
been developed to enable the one-piece cavitation shield
material to be deposited on the outside of the acoustic
sensor. Electrical contacts are either partially or totally
imbedded within the cavitation shield material. The mea-
sured capacitance of the sensors is typically 2.2 nF, close to
the theoretical value.

IV. Cavitation ShieldIV. Cavitation ShieldIV. Cavitation ShieldIV. Cavitation ShieldIV. Cavitation Shield
PropertiesPropertiesPropertiesPropertiesProperties

The main function of the cavitation shield layer is to ensure
that high frequency acoustic signals contributing to the
electrical output signal of the sensor originate from the fluid
contained within the sensor. As such, desirable properties of
the material are that its attenuation coefficient must be:-

· exceedingly high at MHz frequencies;

· kept to a minimum at the driving frequency of the
cleaning vessel, 40 kHz.

Details of the composition of the cavitation shield material,
which were developed under a specialist development
programme, are proprietary. They are, however, based on a
polyurethane rubber, whose properties of attenuation
coefficient and acoustic impedance have been optimized for
the application. In particular, the acoustic impedance at 40
kHz has been adjusted to match that of water. Above
1.5 MHz, the transmission loss of the material is 65 dB cm-1

MHz-1. Therefore, for frequencies above 1.5 MHz, the 4 mm
layer of shield material will attenuate signals originating
outside the cylinder by at least 40 dB, relative to those
occurring within the sensor volume. This degree of attenua-
tion increases very rapidly with frequency. The cavitation
shield material also gives the cylindrical sensors a significant
degree of rigidity.

V. Experimental SystemsV. Experimental SystemsV. Experimental SystemsV. Experimental SystemsV. Experimental Systems

Sensor test bed
The performance evaluation of the new cavitation sensors

was carried out using a BRANSON Ultrasonics 6465-126-12CB
cleaning vessel, operating at a frequency of 40 kHz, in
conjunction with a B8040-12 generator. The generator had
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Figure 1: Schematic representation of the cavitation sensor,
based on a hollow cylinder of inside diameter 30 mm and height
32 mm, which is shrouded in a 4 mm thick layer of the
cavitation shield material. The 15 mm x 7 mm x 7 mm lug on
the side of the cylinder is provided for mounting purposes.
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been modified to allow the electrical drive to be precisely and
reproducibly varied over the range 5% to 100% of the full
rated power of the cleaning vessel (1 kW). A water manage-
ment system allows water of a specified purity (5 micron
filter) and dissolved oxygen content (<0.5 ppm) to be used
within the vessel.

Spectrum Analyser
The spectral content of the sensor signals was determined

using a Hewlett Packard 3589A Spectrum analyzer. Although
various set-up conditions were used for the measurements
shown in Section VI, they were typically characterised by
between 5 and 50 averages of the frequency sweep.

VI. Experimental ResultsVI. Experimental ResultsVI. Experimental ResultsVI. Experimental ResultsVI. Experimental Results

Prior to the design and development of the mould tool for
fabricating the sensor, feasibility studies were carried out on
the basic sensor concept. This involved comparing acoustic
spectra generated from the ‘bare’ piezo-electric film, with
spectra obtained from the film when shrouded in a cylinder
of the cavitation shield. The results below have been derived
using the cleaning vessel filled with air saturated ‘tap-water’
at room temperature (20°C).

Figure 2 shows the comparison of the acoustic spectra
depicted up to a frequency of 400 kHz, with the cleaning
vessel operating at 20% of maximum power. The vertical
scale has been greatly expanded to show those frequency
components occurring between the well-defined harmonics,
which occur at multiples of the fundamental drive frequency
of the vessel. Of interest within the current paper is the fact

that at progressively lower frequencies, the two spectra are
virtually indistinguishable. This indicates that the cavitation
shield material is indeed reasonably un-perturbing below 50
kHz. At progressively higher frequencies, the signal levels
generated by the sensor, when placed in the cavitation shield
cylinder are significantly lower, due to the increasing absorp-
tion coefficient of the shield material.

Figure 3, examines the high frequency range, covering 1 to
15 MHz (frequency resolution 35 kHz), where spectra are
again compared for the two situations given above. It should
be noted that the existence of acoustic signals at frequencies
in excess of 10 MHz has been confirmed through measure-
ments made using a wide-bandwidth Marconi bilaminar
membrane hydrophone, and these results are given as a
third curve in figure 3. It is clear from figure 3, that the signal
levels above 1 MHz are greatly reduced when the piezo-film
sensor is in the shielded configuration. This arises due to the
spatial resolution of the new sensor, so that only bubble
events occurring within the cylinder contribute to the high
frequency (above 1.5 MHz) sensor output. In contrast, in the
un-shielded (or ‘bare’ configuration), events occurring
throughout the cleaning vessel potentially contribute to the
sensor output.

It is clearly of interest to establish how the high frequency
acoustic spectra generated by the sensor vary with the
nominal electrical power delivered to the ultrasonic cleaning
vessel. Figure 4 shows this dependence derived from one of
a number of final encapsulated sensors fabricated for the
purposes of performance evaluation. The specific spectra
shown in figure 4 were derived from measurements made in
degassed-deionised water characterised by a dissolved
oxygen content of 3.36 ppm and a temperature of 20.1 °C.
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Figure 2: Comparison of sensor spectra derived from a) ‘bare’
piezo-electric film (grey plot) and b) the same film, placed in a
30 mm diameter hollow cylinder of the cavitation shield material
(black plot). The two configurations have been positioned at
nominally identical positions within the cleaning vessel which has
been filled with air-saturated ‘tap water’. The vessel was
operating at 20% of its maximum output power.

Figure 3: Comparison of sensor spectra derived from a) ‘bare’
piezo-electric film (grey) and b) the same film, placed in a 30
mm diameter hollow cylinder of the cavitation shield material
(fine black). Also presented is the response generated by a
wide band-width Marconi bilaminar membrane hydrophone
(heavy black). The experimental conditions are the same as
those in figure 2.
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The sensor was placed centrally within the cleaning vessel
and spectral acquisitions carried out as the vessel power
was gradually increased from the minimum level of 5% up
to the 95% of the maximum output power of the vessel. The
results shown in Figure 4 are for a single sensor, but they
are typical of a number of measurement runs carried out
using different sensors, as well as repeat measurements
made using the same sensor placed at nominally identical
positions within the cleaning vessel.

It is clear from figure 4 that there is a strong and system-
atic increase in the MHz frequency signal levels as the output
power setting of the cleaning vessel is increased. The 1 MHz
signal level increases by approximately 20 dB, from 5% to
95%. The spectra are characterised by energy progressively
being transferred to higher frequencies as the vessel output
power is increased. For the 95% case, for example, signals
at 8 MHz are just about distinguishable from the noise floor
of the measurement system. This is the expected behaviour
for a strongly nonlinear system such as a bubble, driven at
increasingly high forcing pressures [4].

VII. SummaryVII. SummaryVII. SummaryVII. SummaryVII. Summary

This paper has introduced a new type of passive acoustic
sensor designed to monitor the broadband emissions gener-
ated by acoustic cavitation.

The characteristics of the sensors are as follows:

· the measurement bandwidth of the sensors is in excess
of 10 MHz, enabling the MHz frequency signals generated by
violent inertial cavitation to be monitored;

· a cavitation shield resident on the outside of the hollow
cylindrical sensors ensures that contributing MHz signals
originate from within the sensor itself, providing the sensors
with spatial resolution.

Early tests to establish the ‘proof-of-concept’ have been
encouraging and it is anticipated that the major potential
application area for the sensor is as a monitoring tool for
assessing cavitation activity occurring with ultrasonic cleaning
vessels.
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Figure 4: Frequency spectra generated at three power settings
of the BRANSON cleaning vessel: 5% (fine black); 40% (heavy
black) and 95% (fine grey). Spectra are shown over the
frequency range 1 to 10 MHz.
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Editor’s NoteEditor’s NoteEditor’s NoteEditor’s NoteEditor’s Note

Editor’s NoteEditor’s NoteEditor’s NoteEditor’s NoteEditor’s Note

This is the first issue of Vibrations to be published since the
31st Annual UIA Symposium in October 2001.  The Sympo-
sium came soon after another significant event, the triple
tragedies of the World Trade Center, Pentagon, and Flight 93
on September 11, 2001.

The UIA is rapidly becoming a truly international associa-
tion, and, as such, it brings together people from many
varied backgrounds and cultures for a common purpose.
This serves not only the technical and business goals of the
UIA, but also the greater goal of understanding that as
people we are all equal in our right to pursue our personal
lives and our professional interests in an atmosphere of
mutual respect and understanding.  If we succumb to the
temptation to fear or dislike anyone solely because of color of
skin, manner of dress or speech, or fundamental beliefs, we
descend to the level of those ignorant people who committed
or supported the atrocities perpetrated on that now infamous
Tuesday in September.

The events of September 11 affected the UIA, as they have
most everyone else in the world.  Attendance was down
somewhat at the Symposium as a result of both travel
difficulties and what had by then become a sluggish economy
worldwide.  But it was important that we continued on with
our UIA business, as it is for all of us to continue on with all
of our lives; otherwise. in some small way the agents of fear
will have won.  Like other organizations, the UIA will simply
have to adjust to the financial fallout from all of this.  In the
end, we will be a stronger organization for it.

As your new newsletter editor, I commit this publication to
providing timely reports on happenings within the UIA and
the ultrasonic industry.  As a member of the human race, I
re-commit to triumph daily over the temptation to live in fear
and prejudice.  Let’s get on about our business.

Tom Kirkland
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President’s MessagePresident’s MessagePresident’s MessagePresident’s MessagePresident’s Message

Please note:Please note:Please note:Please note:Please note:

At the UIA Symposium in October, two papers presented
were inadvertently distributed to attendees in draft rather
than final form.  The final version of each paper was in the
UIA’s hands prior to the Symposium, but the earlier prelimi-
nary versions were printed for distribution in error.

The affected papers were

“The Implications of the Fundamental Formulas for Fre-
quency Selection in Ultrasonic Plastics Welding” by Tom
Kirkland

and

“Effects of Frequency on the Cutting Ability of an Ultrasonic
Surgical Instrument” by Jeff Vaitekunas.

Please destroy copies of these papers you may have picked
up at the symposium and download the corrected versions
from the UIA web site, www.ultrasonics.org.  If you have
passed copies of these papers along to others, please make
them aware of this problem and have them destroy their
preliminary copies as well.

Thank you for your understanding.

President’s MessagePresident’s MessagePresident’s MessagePresident’s MessagePresident’s Message
-  Jeff Vaitekunas-  Jeff Vaitekunas-  Jeff Vaitekunas-  Jeff Vaitekunas-  Jeff Vaitekunas

As I begin my term of service as President of the UIA, I
first want to thank Mark Schafer and the retiring Board
Members for their tireless efforts in improving the UIA for our
membership.  As a voluntary organization, the UIA is honored
to have such dedicated and enthusiastic leadership.  I believe
it’s the enthusiasm for ultrasonic technology that sets us
apart from other technologies.  I welcome the newly elected
Board to their new posts and look forward to working closely
with everyone to improve the association and continue the
efforts that Mark has begun.

The application of ultrasonics to everything from manufac-
turing and processing, medicine and surgery, chemistry and
physics, and cleaning and welding creates a group of users
with common interests despite the diversity of the applica-
tions.  This is what makes the UIA strong and what attracted
me to the association.  I love ultrasonic technology and am
fascinated by all that it can do.  I will try to focus my enthusi-
asm to better serve the UIA membership.

In order to accomplish our vision of Being the Forum for
Manufacturers, Users, and Researchers in Ultrasonic Tech-
nology, I urge all of our members to participate in areas of
the UIA that interest you.  Call up a committee chair to
discuss how you can be involved.  Check the UIA website at
www.ultrasonics.org for their phone numbers and to keep
abreast of what the UIA is up to.  Seek out others excited
about ultrasonic technology and inform them about the UIA.
Help to improve and expand your association.

We have just completed the annual symposium in Atlanta.
Unfortunately, the September 11 terrorist attacks affected
travel to the symposium.  We had some outstanding presen-
tations and discussions exemplifying the diversity of our
organization.  For those of you who had to cancel your trip
and miss the 2001 symposium, we will try to provide some
insight throughout the year to what is happening through this
newsletter, and we are planning to have the best-ever
symposium in 2002.  Mark your calendars today and hold
September 18-20, 2002 for the UIA annual meeting.  We are
finalizing plans and locations and will inform you in the next
newsletter.
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web: www.ultrasonics.org

The 31st UIA Symposium was held at the Omni Hotel in
Atlanta from October 12th through October 14th.  It was held
in technical collaboration with the IEEE UFFC Conference,
which immediately preceded our symposium at the Omni.
The goal in the collaboration was to encourage IEEE mem-
bers, who normally do not attend our symposium, to give the
UIA a try.  A total of 11 individuals attended both, and 8 of
those were IEEE members who were at the UIA Symposium
for the first time.

The technical program had scheduled a total of 20 techni-
cal papers.  But with the attack on September 11, we had
some papers cancel. A total of 17 papers were presented,
including the two from the P&G and UIA Graduate Research
Award recipients, David Grewell and Michael Grossner.
Fortunately, two presenters gave presentations for their
coworkers, who were not able to attend.

The program started with our keynote speaker, Dr. Bajram
Zeqiri, from the National Physical Laboratory in the UK.  His
talk on the quantification of cavitation was particularly well
received.  He gave a broad overview of past work in the area
and the continuing need for accurate quantification of
cavitation.  He then discussed his work using a cylindrical
transducer to monitor only the center of the transducer and
thereby avoid the spatial summation of all of the cavitation
events in the region.

A timely presentation was made Michael Taylor of Cepheid
on the use ultrasonics to lyze spores.  Once the spores are
lyzed, the quantity of DNA can be amplified and analyzed
with PCR.  This technology is to be used in field monitoring
for biological agents such as anthrax.

Symposium SummarySymposium SummarySymposium SummarySymposium SummarySymposium Summary

The ever-attentive UIA Symposium participants.
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Dr. Gerry Blessing, our dinner speaker, presented an
overview of the NIST facility and campus.  He highlighted
some of the work of the Ultrasound Laboratory to develop
precise accurate means to measure and quantify characteris-
tics of ultrasonic transducers and the use of ultrasonics in
materials characterization.

Of the 25 who responded to our survey, 23 wanted the
annual Symposium to continue, and 20 are planning to attend
the 2002 Symposium.  But even in light of the September 11
attack, the attendance of 73 was far below the estimated 100
plus attendees.  As UIA members, I urge you all to promote

Foster Stulen, left, presents Mark Schafer with a plaque
honoring his service to UIA.

Dr. Bajram Zeqiri delivers the Keynote Address.

Symposium Summary . . . cont.Symposium Summary . . . cont.Symposium Summary . . . cont.Symposium Summary . . . cont.Symposium Summary . . . cont.
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If you are interested in participating on the
Board of Directors or a UIA Committee,

please contact Jeff Frantz at
jfrantz@bransonultrasonics.com

the UIA with your coworkers and colleagues, to encourage them to
both join the UIA, and to attend next year’s symposium.  Also, please
request that your company or your vendors in ultrasound products and
services support the UIA by advertising in the Vibrations newsletter and
by exhibiting at the symposium.  The UIA Board welcomes your
suggestions and recommendations for growing the UIA and making the
Symposium relevant and exciting.

Foster B. Stulen, Ph.D., P.E.
Co-Chair 31st UIA Symposium

Michael Grossner, UIA award winner, discusses ultrasonically activated
filtration.
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