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L ULTRASONIC TRANSDUCER
TECHNICAL FIELD
This invention relates to ultrasonic piezoelectric transducers, processes of
constructing an ultrasonic piezoelectric transducer, a system for transmitting
ultrasonic vibrations, a system for detecting ultrasonic vibrations, systems for
transmitting and detecting ultrasonic vibrations, a method for transmitting ultrasonic
vibrations, a method for detecting ultrasonic vibrations and methods for transmitting

and detecting ultrasonic vibrations.
BACKGROUND ART

Occasionally situations arise that demand the use of an ultrasonic transducer

in the 10Q-200 kHz range with minimal power reguirements and operating into air
or other gases. The low power requirement rules out a large number of existing
transducers - whether their sensitivities are so poor that they need a large

stimulating voltage or-whether they need a large bias voltage which is difficult to

achieve in a low power D.C. system. For example, piezoelectric ultrasonic
 transducers (commonly used underwater) operating into air or other gases are
typically of low sensitivity or narrow bandwidth. These characteristics result from
the immense acoustic impedance mismatch between air or other gases and the
transduction materials (the latter being able to create large forces but with only
.small deflections). Either one puts up with -the small deflecions (low acoustic
output) or ‘one brings the material into a resonant state at one paniéular frequency.
For echo sensing or information transmission applications a single frequency is
useless and as broad a range of frequencieﬁ as possible is desirable. Some low-bias-

voltage (30V) electrostatic transducers have been developed but, by and large, these .

are expensive and time-consuming to produce. =
| OBJECTS OF INVENTION

It is an object of this invention to provide an ultrasonic piezoelectric

transducer. -

Another object is to provide processes for constructing a piezoelectric
transducer. '

Other objects are to provide a system for transmitting ultrasonic vibrations, a
sysiem for detecting ultrasonic vibrations and systems for transmitting and detecting
ultrasonic vibrations.

Further ‘objeets are to provide a method for transmiting ultrasonic
vibrations, 2 method for detecting ultrasonic vibrations and methods for ﬁansmining

and detecting nltrasonic vibrations.
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GCccasional |y situations arise that demand the use of an ultrasonic
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DISCLOSURE OF INVENTION

The present inventors have discovered that a piezoelectric material having an
appropriate profile can be driven in a mode that is referred to in the specification
and claims as a dilational mode which is alternatively referred 1o as a quasi-
ldngitudinal mode. A tentative explanation of what is mé_am by a wransducer being
driven in a dilational mode is as follows. When a piezoelectric material having a
curved profile is driven it will bulge out when it is lengthened and contract in when
it is shortened. Where it is not curved no transverse motion results. Thus, if the
material is gently curved but contains no point of inflection and thus no change in
the sign of its curvature, it will undergo transverse vibration of the same phase
along its whole length. If, on the other hand, the curve includes a point of inflection
the transverse displacement changes in phase at this point. If this curvature having
the point of inflection also possesses the appropriate radiation geometry there is a
resultant effective coupling of piezoelectric excitation to transverse displacements
whereby the out of phase transverse vibrations constructively interfere to give high
output and when this occurs the piezoelectric material is being driven in a dilational .
mode. In this way a transducer possessing a high effective radiating area can be
designed for ultrasonic frequencies having wavelengths are of the order of a few
millimeters.

According to a first embodiment of this invention there is provided an

~ultrasonic piezoelectric transducer comprising a piezoelectric material having a
profile whereby the transducer is capable of transmitting and/or receiving ultrasonic
vibrations in a dilational mode.

The transducer of the first embodiment-may further include means to profile
the piezoelectric material, the means being operatively associated with the
piezoelectric material.

The piezoelectric material of the transducer of the first embodunent may also
be tensioned and may further include means to tension the piezoelectric material,
the means being operatively associated with the piezoelectric material.

The piezoelectric material of the transducer of the first embodiment may
have any profile which renders it capable of transmitting and/or receiving ultrasonic
vibrations in a dilational mode. Typically, the profile is inverted U shaped or saddle
shaped. Inverted Uk.shaped means inverted with respect 1o the anchor points of the
material. The profile may also be U shaped in which case it is not inverted with
respect to the anchor points of the material.
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According to a second embodiment of this invention there is provided an
ultrasonic piezoelectric transducer comprising a piezoelectric material the
piezoelectric material being profiled and tensioned whereby the transducer is
capable of transmitting and/or receiving ultrasonic vibrations in a dilational mode
together with means to profile and tension the piezoelectric material, the means
being operatively associated with the piezoelectric material.

According to a third embodiment of this invention there is provided an
ultrasonic piezoelectric transducer comprising a piezoelectric material having a
profile and being tensioned, together with means to tension the material, the means

~ being operatively associated with the material, whereby the transducer is capable of

transmitting and/or receiving ultrasonic vibrations having a vibrational peak in the

~ frequency range 10kHz - 200kHz.

According to a fourth embodiment of this invention there is provxded an
ultrasonic piezoelectric transducer comprising a piezoelectric material being profiled
and being tensioned, together with means to profile and tension the material, the
means being operatively associated with the material, whereby the transducer is
capable of transmitting and/or receiving ultrasonic vibrations having a vibrational
peak in the frequency range 10kHz - 200kHz. '

Typically the range is 12kHz-160kHz, 80kHz-120kHz, 95kHz-105kHz,
15kHz-60kHz or 15kHz-30Khz. There may be more than one vibrational peak in
the frequency range.

.The means to tension and/or profile the piezoelectric material of the first,
second, third or fourth embodiment may be adjustable so that the material can be
tensioned and profiled so as to generate and/or receive ultrasonic frequencies in a
variety of required ultrasonic.frequency ranges.

The transducers of the first or second embodiments may comprise any
piezoelectric material which is capable of transmitting and/or receiving ultrasonic
vibrations +in a quasi-longitudinal/dilational mode. Such materials include
piezoelectric polymeric materials, plastics and rubbers. . Advantageously the
piezoelectric material comprises a poled polyvinylidene polymer, PVDF, or a
copolymer of vinylidene fluoride and trifluoroethylene which may be in the form of
a sheet, foil, film or other appropriate piezoelectric form. These materials are also
suitable for the third and fourth embodiments.

According to a desired form of the first embodiment the piezoelectric

material is saddle éﬁiii"ed as depicted in Fig. 9 where points A and C are points of

anchor of the piezoelectric material, x is the lengih of the profile of the material
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between points A and C via Point B, dj is the distance between points A and C, d3
is the distance between the tops of the saddle, hj is the height of the piezoelectric
material to the top of the left hand saddle from a line joining points A and C, h; is
the height of the piezoelectric material to the top of the right hand saddle from a
line joining points A and C, hy) is the height of the left hand saddle of the
piezoelectric material and hp, is the height of the right hand saddle of the
piezoelectric material, and wherein:
1.5*%d1 < x < 2.3*dy;
0.5*d) < hy < 0.9%dy;
0.5*d; < by < 0.9%dy;
.0.1%d} < hyp S 0.2*dy;
0.1*d} < hop < 0.2%dy; and
0.6*d] < d3 < 0.8%d;.

In one particularly desired form the piezoelectric material of the first,
second, third or fourth embodiment is saddle shaped as depicted in Fig. 9 where dy
is the cross sectional diameter of a bar operatively associated with the piezoelectric
material to tension the piezoelectric material, points A and C are points of anchor of

the piezoelectric material, x is the length of the profile of the material between
points A and C via Point B, dj is the distance between points A and C, d3 is the

distance between the tops of the saddle, b is the height of the piezoelectric material
to the top of the left hand saddle from a line joining points A and C, h; is the height

of the piezoelectric material to the top of the right hand saddle from a line joining

points A and C, hy) is the height of the left hand saddle of the piezoelectric material -

and “hy; is the height of the right hand saddle of the piezoelectric material, and

wherein:

1.5%d) < x < 2.3%dy; 0.5%d} < hy £ 0.9%d}; 0.5%d] < hy S 0.9%d}; 0.1%d; < hy;
< 0.2*dg; 0.1*d; < hpy S 0.2*dy; 0.05*%d; = dy < 0.2*dj; and 0.6*d} < d3 <

0.8%d;.

More typically, d; = 10mm; 15mm = x < 23mm; 5Smm < hy £ 9mm; Smm
£ hy £ 9mm; lmm < hyj S 2mm; 1mm < hyy S 2mm; 0.5mm < dy < 2mm; and
6mm < d3 < 8mm.

Generally, dj = 10mm; x = 20mm; hy = 7.5mm; h; = 7.5mm; hy) =
1.5mm; hy;y = 1.5mm; dp = 1.0mm; and d3 = 6.9mm.

Typically hy is about the same (within 0.5mm) or is the same as h) and hy;
is about the same (Within, 0.5mm) or is the same as Iy},

Advantageously, the piezoelectric material of the first, second, third or
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clainms as a dilational node which is alternatively referred to as a

qudsi -l angi tudi nal node. A tentative explanation of what is nmeant by a
transducer- being driven in a dilational node is as follows. Wen a

pi ezoel ectric material having a curved profile is driven it will bul ge out
when it is |engthened and contract in when it is shortened. Were it is not

curved no transverse notion results. Thus, if tly curved
but contains no point of inflection and thus “@§£ﬁ§?ﬂWﬁSHEEM| nof its
curvature, it will undergo REPLACED
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fourth embodiment comprises a poled polyvinylidene foil which is Spm to 75k m
thick, typically 9 m to 35 m thick, more typically, 20u-_m to 25t m thick, and
even more typically 251 m thick. _

The piezoelectric material of the first, second, third or fourth embodiment
may be an inverted U-shaped as depiéted in Fig. 10 where points A and B are points
of anchor of the piezoelectric material, x is the length of the profile of the material
between pomts A and B via point C and d is the distance between points A and B,
wherein:

1.5%d) £ x £ 2.3%d;.
More typically, dj = 10mm; and 15mm < x < 23mm.
Generally, d; = 10mm; and x = 20mm.

According to a fifth embodiment of this invention there is provided a process
of constructing an ultrasonic piezoelectric transducer of the second embodiment, the
process comprising: '

' profiling and tensioning a piezoelectric material whereby the material
becomes capable of transmitting and/or receiving ultrasonic vibrations in a dilational
mode., _ '

According to’a sixth embodiment of this invention there is provided a
process of constructing an ultrasonic piezZoelectric tra.nsducer of the fourth
embodiment, the process comprising: '

profiling and tensioning a piezoelectric material whereby the transducer is
capable of transmitting and/or receiving ultrasonic vibrations having a vibrational
peak in the frequency range 15kHz - 130kHz,

~ - According to a seventh embodiment of thxs mvenuon there is provided a
system for transmitting ultrasonic vibrations comprising: an ultrasonic piezoelectric
transducer of the first, second, third or fourth embodiment; and an ultrasonic ac
source operatively associated with the transducer.

According to a eighth embodiment of this invention there is provided a
system for detecting ultrasonic vibrations comprising: an ultrasonic piezoelectric
transducer of the first, second, third or fourth embodiment; and an ultrasonic signal
detector operatively associated with the transducer.

According to a ninth embodiment of this invention there is provided a
system for transmitting and detecting ultrasonic vibrations comprising: an ultrasonic
piezoelectric transducer of the first, second, third or fourth embodiment; an
ultrasonic ac source-eperatively associated with the transducer; and an ultrasonic
detector operatively associated with the transducer. '
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According to a tenth embodiment of this invention there is provided a system
for.uansmitting and detecting ultrasonic vibrations comprising: a first ultrasonic
piezoelectric transducer of the first, second, third or fourth embodiment; a second
ultrasonic piezoelectric transducer of the first, second, third or fourth embodiment;
an ultrasonic ac source operatively associated with the first and second transducers;
and an ultrasonic detector operatively associated with the first and second
transducers. '

According to an eleventh embodiment of this invention there is provided a
method for transmitting ultrasonic vibrations comprising: applying ultrasonic ac -
signals to a piezoelectric transducer of the system of seventh embodiment.

According to an twelfth embodiment of this invention there is provided a
method for detecting ultrasonic vibrations comprising: detecting ultrasonic ac
vibrations with a system of the eighth embodiment.

_ According to a thirteenth embodiment of this invention there is provided a
method for transmitting and detecting ultrasonic vibrations comprising:

applying ultrasonic ac signals to a piezoelectric transducer of the system of
ninth embodiment; and '
detecting ultrasonic ac vibrations with a system of the ninth embodiment.

According to a fourteenth embodiment of this invention there is provided a
method for transmitting and detecting ultrasonic vibrations comprising:

applying ultrasonic ac signals to the first or second piezoelectric transducer
of the system of tenth embodiment; and

detecting ultrasonic ac vibrations generated by the second or first
piezbelectﬁc transducer with the second piezoelectric transducer of the system of the
tenth embodiment.

In its most preferred form, the piezoelectric rnatenal isa pxezoelcctnc foil
which typically comprises a polyvinylidene fluoride (*PVDF") foil or a foil
comprising a copolymer of PVDF. The foil has at least two electrodes located
‘thereon, typically one electrode on each side of the foil. The electrodes may be the
same or different material, typically. the same material. Examples of electrode
materials are metals such as Au, Pd, Pt, Ti, Zn, Al, Ag, Cu, Sn, Ga, In, Ni,
conducting polymers which require doping with doping agents such as iodine,
fluorine, alkali metals and their salts, metal carbonates and arsenic halides, include
polyacetylene, polyacntylene copolymers, ~ polypyrroles, polyacrylonitrﬂes
polyaromatics, polvanﬂmes polythiophenes, polycarbazoles, polybetadiketone and
polydipropargylamine, polyacenaphthene/N-vinyl heterocyclics with Lewis acids,
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radi ati ng area can be designed for ultrasonic frequencies having

wavel engt hs are of the order of a fewmllinetres. 5 According to one

aspect of the present invention there is provided an ultrasonic

pi ezoel ectric transducer capable of transmtting and receiving ultrasonic
vibrations in a dilational node, conprising a pigzoelectric foi

operatively associated with neans N
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poly(heteroaxomaﬁc vinylenes), polyphthalocyanines, polymer - reacted with 1,9-
disubstituted phenalene, polycarotenoids, heterocyclic ladder polymers, alternating
aromatic and quinonoid sequences, polyisothianaphthene and poly(para-phenylene)
sulphide and polymers which do not require doping such as poly(diether-linked bis-
o-nitrile), polyacetylene and polydiacetylene with spacer units, poly(peri-
naphthalene), poly(carbon diselenide), transition metal poly(benzodothiolene),
poly(thiophene sulfonates) and acetylene-terminated Schiff base.

Generally, the width of the piezoelectric material is lmm - 3500mm,
advantageously Imm - 500mm, typically 3mm - 100mm, more typically 4mm -
40mm, preferably 5Smm - 20mm and even more preferably 10mm.

Also included within the scope of the invention are the following
embodiments: '

(i) An ultrasonic piezoelectric transducer comprising a piezoelectric
material having a profile and being tensioned whereby the transducer is capable of
transmitting and/or receiving ultrasonic vibrations in a dilational mode;

(i)  An ultrasonic piezoelectric transducer comprising a piezoelectric
material the piezoelectric material being profiled and tensioned whereby the
transducer is capable of transmitting and/or receiving ultrasonic vibrations in a
dilational mode;

(i) An ultrasonic 'piezoelectn'c transducer comprising a piezoelectric
material having a profile and being tensioned whereby the transducer is capable of
transmitting and/or receiving ultrasonic vibrations having a vibrational peak in the
frequency range 10kHz - 200kHz; and i

" (iv) An ultrasonic piezoelectric transducer comprising a piezoelectric
material being profiled and being tensioned whereby the transducer is capable of
transmitting and/or receiving ultrasonic vibrations having a vibrational peak in the
frequency range 10kHz - 200kHz.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of an ultrasonic piezoelectric
transducer of the invention together with a forming block and cross bar;

Fig. 2 is a block diagram of a circuit for detecting ultrasonic signals using an
ultrasonic piezoelectric transducer of the invention;

Fig. 3 is a block diagram-of a circuit for transmitting ultrasonic signals using
an ultrasonic piezoelectric transducer of the invention;

Fig. 4 is anvexploded perspective view of an alternative ultrasonic
piezoelectric transducer of the invention;
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supporting and tensioning said foil wherein: said foil is profiled and
tensioned by said neans to formthree curved segnents wherein each curved
segnent has an opposite sign of curvature to an adjacent curved segnent and
is not fixed to said neans, and wherein said foil is freestanding between
"each of said segnents and is anchored to said neans on either side of said
three curved segnents. °~ 6
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Fig. 5 depicts schematically, in block diagram form, a circuit for detecting

and transmitting ultrasonic vibrations;
Figs. 6(a) and 6(b) are front and side views respectively of the forming
block 13 of Fig. 1 with djmensions shown in mm. Fig 6(a) also depicts a cylindrical
crossbar 14; ’

Fig. 7 is a magnified optical projection of an actual transducer foil profile;

Fig. 8 is an exploded perspective view of an altemnative ultrasonic
piezoelectric transducer of the invention together with a forming" block and cross
bar;

Fig. 9 is a cross sectional diagram of a piezoelectric material of Fig. 1 or 8;

Fig. 10 is a cross sectional diagram of an inverted U'shaped piezoelectric
material; '

Fig. 11(a) is a graph of frequency dependence on angle theta as shown for
symmetric transverse modes of a piezoelectric foil. The sharp increase at about 20
degrees corresponds to a "buckling” of the mode;

Figs. 11(b) depict modes 1 and 3 for theta small and theta greater than 20
degrees; . '

~ Figs. 11(c) depict a saddle shaped uni-directional piezoelectric material. The
arrow in the first diagram of the Figure depicts the active direction; '

Figs. 11(d) depict an inverted U - shaped uni-directional piezoelectric
material. The arrow in the first diagram of the Figure depicts the active direction;

Fig. 1ll(e) is a graph of resonance frequency' versus length of the
piezoelectric material of Fig. 11(d); ' '

co Figs. 12 (1), (2), (3) and (4) depict the shapes of piezoelectric materials
which were used in Figs. 13 - 16;

Figs. 1_3(1) - (4) are power output versus frequency curves for 1x2cm?,
mono-directional, longitudinal PVDF foil (outputs uncorrected for microphone
response for shapes (1) - (4) of Fig. 12;

Figs. 14(1) - (4) are power output versus frequency curves for 1x2cm2,
mono-directional, transverse PVDF foil (outputs uncorrected for microphone
response for shapes (1) - (4) of Fig. 12;

. Figs. 15(1) - (4) are power output versus frequency curves for 1x2cm2, bi-
directional, PVDF foil (outputs uncorrected for microphone response for shapes (1)
- (4) of Fig. 12; and
i Figs. 16'(1)"73:’3(3) are power output versus frequency curves for 1x2cmZ,

~ mono-directional, transverse PVDF foil (outputs corrected for microphone response



Accprding to another aspect of the present invention there is provided an
ul t-raséni ¢ pi ezoel ectric transducer capable of transmtting and receiving
ultrasonic vibrations having a vibrational peak, in the frequency range of

10kHz

200kHz, conprising a piezoelectric foil operatively associated with

means. supporting and tensioning said feil wherein: said foil is profiled

and tensioned by said neans to formthree curved segnents wher-ein each
curved segnment has an opposite sign of curvature to an adjacent curved

segnent and is not fixed to said nmeans, and wherein said foil is

freestandi ng between each of said segnents and is anchored to said nean
either side of said three curved segnents. :
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for shapes (1) - (3) of Fig. 12.
BEST MODE AND OTHER MODES FOR CARRYING OUT THE

INVENTION
The following describes the construction of an ultrasonic piezoelectric

transducer designed to operate at around 100 kHz. The output.of this transducer is

relatively high (at around 1 Pa/V at 10cm for its working area of lcm?2) and,
compared to most other piezoelectric transducers, it has a broad bandwidth (around
30 kHz between 3dB points). The reception sensitivity will depend on the type of
amplifier applied to the transducer, as will the system noise (i.e. using a high input-
impedance voltage amplifier will give different characteristics to a low input-
impedance transconductance amplifier). _

~ Referring to Fig. 1 a thin PVDF foil 10 with evaporated electrodes 11 and
12 is caused to bend over a forming block 13 having screw holes 25 (left screw hole
shown only), by adjustable crossbar 14 - typically of thin, stiff wire - as per Fig. 1.
Dimensions of block 13 are shown in mm in Figs. 6(a) and (b). The diameter of
bend 15 in foil 10 is governed by the height of crossbar 14 above block 13. The
diameter of bend 15 affects the freqhency of operation (about 3mm at 100 kHz) as

does foil width 16 (about lcm at 100 kHz). Both of these dimensions also affect the

amplitude of vibration (i.e. the transmission and receptive sensitivities). Foil 10 is
fastened to block 13 by nylon screws 17 and 18, and washer 21 which is used in

. conjunction with screw 18, which also serve to bring the foil into contact with two

terminals 19 and 20 which make contact with electrodes 11 and 12 respectively. The
portions of foil 10 near to screws 17 and 18 may be treated with sodium hydroxide
to remove the aluminium electrodes 12 and 11 respectively. This reduces the
capacitance in parallel with the working part of foil 10 and improves both reception
and transmission characteristics. ' o

The frequency of maximum acoustic output is close to the frequency
predicted for a standing wave resonant across foil 10, however any resonance is
largely smeared out due to the action of air or other gases imposing a bending
resistance on foil 10 which has a low-acoustic-impedance. Holographic investigation
of the mode of vibration indicates that most of the membrane movement normal to
foil 10 about midway between the centre of bend 15 and tops of the two bends 22
and 23. Figure 7 depicts 2 magnified optical projection of an actual transducer foil
profile. Numbers corresponding to those of Fig. 1 have been added to Fig. 7 where
appropriate to facilitate comparison. The edges at no point have any detectable
normal motion. Nor does the centerline, beneath crossbar 14. Thus, to Stop gross

PCT/AU91/00157

S on



7 Brief Description of the Drawings Fig. 1 is an expl oded perspective view.
of ,»an:ul:strasoni c pi ezoel ectric transducer of the invention together with a
form ng block and cross bar; Fig. 2 is a block diagramof a circuit for

detecting ultrasonic signals using an ultrasonic piezoelectric transducer
of the invention; '
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motion of foil 10, it can be supported at the edges at the tops of the bends 22 and 23
by support posts 26 and 27, and 28 and 29 respectively, as depicted in Fig. 1. The
entire transducer of Fig. 1 is, except for radiating surfaces 22 and 23, ideally
shrouded by a conductor to reduce electromagnetic and acoustic interference. The -
height of crossbar 14 can be-adjusted by screw (moving forming block 13 relative to

a body which supports crossbar 14) or simply by hand. Using either method takes a
few seconds, and, given the simplicity of the component parts, the entire assembly
should be inexpensive to produce.

A similar, but alternative, arrangement to that depicted in Figs. 1, is
depicted in Fig. 8. In this latter arrangement, a thin (generally 22t m - 251 m,
typically 251t m) PVDF foil 10a with evaporated electrodes 11a and 12a is caused to
bend over a plastic forming block 13a having lugs 252 on either side (left side
shown only), by adjustable crossbar 14a - typically of thin, stiff wire housed in 2
plastic sleeve - as per Fig. 8. Dimensions of block 13 are as shown in mm in Figs.
6(a) and (b). The diameter of bend 15a in foil 102 is governed by the height of
crossbar 14a above block 13a. The diameter of bend 15a affects the frequency of
operation (about 3mm at 100 kHz) as does foil width (approximately corresponding
to width 16a of block 13a (about lcm at 100 kHz). Both of these dimensions also
affect the amplitude of vibration (i.e. the transmission ‘and receptive sensitivities).
Foil 10a is clamped to block 13a by locating holes 30a (left hand hole shown only)
over lugs 25a (left hand lug shown only), placing plastic washers 21a and 21aa over
lugs 25a to bring foil 10a into contact with two terminals 192 and 20a which make
contact with electrodes 11a and 12a respectively. Foil 10a can be clamped into place
about lugs 25a by locating clamping jaws about washers 21a and 21aa.

.To stop gross motion of foil 10a, it is supported at the edges at the tops of
the bends 22a and 23a by support posts 26a and 27a, and 28a and 29a respectively,
as depicted in Fig. 8. The forming block 13a is preferably formed from an
insulator. The height of crossbar 14a can be adjusted by hand which can take a few
seconds, and, given the simplicity of the component parts, the entire assembly is
inexpensive to produce. ' )

The piezoelectric material 10 of Fig. 1 or 10a of Fig. 8 is saddle shaped as
depicted in Fig. 9 where dy is the cross sectional diameter of crossbar 14 or 14a
operatively associated with the piezoelectric material to tension the piezoelectric

material, points A and C are points of anchor of the piezoelectric material, x is the
length of the profile of.the material between points A and C via Point B, d; is the

distance between points A and C, d3 is the distance betwesn the tops of the saddle,



Fig.s3 is:a block diagramof a circuit for transmtting ultrasonic signals
using an Ul trasoni c pi ezoel ectric transducer of the invention; Fig. 4 is an
expl oded perspective view of an alternative ultrasonic piezoelectric
transducer of -the invention; WD 91/ 17637 Fig. 5 depicts schematically,
in block diagramform a circuit for detecting
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hy is the height of the piezoelectric material to the top of the left hand saddle from a
line joining points A and C, hy is the height of the piezoelectric material to the top
of the right hand saddle from a iine joining points A and C, hyj is the height of the
left hand saddle of the piezoelectric material and hyr is the height of the right hand
saddle of the piezoelectric material, and wherein:

di = 10mm; x = 20mm; hy = 7.5mm; hy = 7.5mm; hy} = 1l.5mm; hy; =
1.5mm; dy = 1.0mm; and d3 = 6.9mm. .

The following describes an alternative construction of an ultrasonic
piezoelectric material.

Referring to Fig. 4 a thin PVDF foil 100 with évaporated electrodes 101 and
102 is caused to bend over an cylindrical plastic forming block 103 by adjustable
rod 104 - typically of thin, stiff wire - as per Fig. 4. The degree of bend in foil 100
is governed by the height of rod 104 above base 114 in block 103. The degree of
bend in foil 100 affects the frequency of operation as does foil diameter 106. Both
of these dimensions also affect the amplitude of vibration (i.e. the transmission and
receptive sensitivities). Foil 100 is fastened to block 103 by nylon screws 107 and
108, and washer 111 which is vsed in conjunction with screw 108, which also serve
to bring the foil into contact with two terminals 109 and 110 which make contact
with electrodes 101 and 102 respectively. The portions of foil 100 near to screws
107 and 108 may be treated with sodium hydroxide to remove the aluminium
electrodes-102 and 101 respectively. This reduces the capacitance in parallel with
the working part of foil 100 and improves both reception and transmission
characteristics. .

To stop gross motion of foil 100, it can be supported at edge 112 by rim
113. Forming block 103 is preferably formed from an insulator and the entire
device save for the radiating foil 100 is ideally shrouded by an aluminjum conductor
to reduce elec'tromagnetid and acoustic interference. The height of rod 104 can be
adjusted by screw (moving forming block 103 relative to a body which supports rod
104) or simply by hand (using the friction between rod 104 and a hole in the
forming block to hold it in position uniil it is finally glued).

Fig. 2 depicts schematically, in block diagram form, a system 300 for
detecting ultrasonic vibrations. System 300 has an ultrasonic piezoelectric
transducer 301 of-Eig. 1, 8 or 4 and an amplifier 302 linked electrically to
transducer 301. Amplifier 302 is linked, also electrically, to filter 303 which in turn
is linked electrically to cathode ray oscilloscope 304.

In use, system 300 is located in an atmospheric environment in which



and transmitting ultrasonic vibrations; Figs. 6(a) and 6(b) are front and
side vialws respectively of the forming block 13 of Fig. | with dinensions
shown tn mMmm Fig 6(a) also depicts a cylindrical crossbar 14; Fig. 7 is a
magni fi ed optical projection of an actual transducer foil profile; Fig. 8
I s an. expl oded perspective view of an alternative ultrasonic piezoelectric
transducer of the invention together wwth a form ng bl ock and cross bar;
Fig. 9 is a cross sectional diagramof a piezoelectric material of Fig. 1
or 8§,
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ultrasonic waves are required to be detected. Ultrasonic vibrations in the air or other
gases cause transducer 301 to vibrate ultrasonically and are converted to ultrasonic
electrical signals by transducer 301. The ultrasonic electrical signals are amplified
by amplifier 302, filtered by filter 303 and displayed on cathode ray oscilloscope:
304.

Fig. 3 depicts schematically, in block diagram form, a system 400 for
transmitting ultrasonic vibrations. System 400 has an ultrasonic piezoelectric
transducer 401 of Fig. 1, 8 or Fig. 4 and ultrasonic square/sine wave generator 402
or ultrasonic pulse generator 403 linked electrically with transducer 401.

In use, system 400 is located in an atmospheric environment in which
ultrasonic waves are required to be transmitted. Ultrasonic electrical signals which
are applied to transducer 401 by square/sine wave generator 402 or pulse generator
403 cause transducer 401 to vibrate ultrasonically causing ultrasonic vibrations to be
transmitted ‘into the surrounding air or other gases.

Fig. 5 depicts schematically, in block diagram form, a system 500 for
detecting and transmitting ultrasonic vibrations. System 500 has an ultrasonic
piezoelectric transducer 501 of Fig. 1, 8 or 4 and an amplifier 502 linked
electrically to transducer 501 via switch 505. Amplifier 502 is linked, also
electrically, to filter 503 which in turn is- linked electrically to cathode ray
oscilloscope 504. System 500 has an ultrasonic square/sine wave generator 506 or
ultrasonic ptilse generator 507 linked electrically to transducer 501 via switch 505,

In use, system 500 is located in an atmospheric environment in which
ultrasonic waves are required to be detected. Ultrasonic vibrations in the air or other
gases cause transducer 501 to vibrate ultrasonically and are converted to ultrasonic
electrical signals by transducer 501. The electrical signals pass to amplifier 502 via
switch 505 which links ansducer 501 and amplifier 502 when system 500 is in the
detection mode. The ultrasonic electrical signals are amplified by amplifier 502,
filtered by filter 503 and displayed on cathode ray oscilloscope 504. In the
transmitting mode ultrasonic electrical signals which are applied to transducer 501
by square/sine wave generator S06 or pulse generator 507 via switch 505 which
links transducer 501 and génerator 506 or 507, cause transducer 501 to vibrate
ultrasonically causing ultrasonic vibrations to be transmitted into the surrounding air
or other gases and can pass to reflecting surface 508 from which they are reflected
and detected by system 500 in the detection mode.

Two systems 500 each having transducers aécordirgg to Fig. 1, 8 or 4 as

L

described immediately:' 3bove may be placed at a distance from one another to



Fig. 10 is a cross sectional- diagramof an inverted U shaped p

mat-eri‘al 3

shown f or

Fig. 11(a) is a graph of frequency dependence on ang
symmetric transverse nodes of a piezoelectric foi

i ezoel ectric
| e theta as
The sharp

I ncrease at about 20 degrees corresponds to a "buckling" of the node; Fi gs.
11(b) depict nodes 1 and 3 for theta small and theta greater t

degr ees;
mat eri al .
direction;

Figs. 11(c) deplct a saddl e shaped uni directional piez

The arrow in the first diagramof the Figure depicts
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alternatively transmit and receive ultrasonic signals to make measurements such as
gas flow rate. An alternative system 500 having two transducers each according to
Fig. 1, 8 or 4, where the transducers are placed at a distance from one another to
alternatively transmit and receive ultrasonic signals to make measurements such as
gas flow rate. '

EXAMPLE 1

As has been indicated above, a piezoelectric material of the invention has a
curvature having a point of inflection and it is-thought that provided the curvature
also possesses the appropriate radiation geometry there is a resultant effective
coupling of piezoelectric excitation to transverse displacements whereby the out of
phase transverse vibrations cor{structively interfere to give high output and when
this occurs that the transducer is being driven in a quasi-longitudinal/dilational
mode, that is, generating surface motions j:arallel to the surface of the piezoelectric
material. The function of the curvature of the transducer of the invention function is

. complex in three ways.

1. Where a length resonance is employed the frequency of the resonance
increases with increasing curvature, the amount bemg related to the integral of the
curvature along the foil. (Figure 11(a)) .

2. Where the whole length of the foil is drivén in phase, as is usually the
case, a complex curvature serves to distribute transverse displacement response
associated with the longitudinal dilations unevenly along the foil, the largest
displacements being associated with the points of greatest curvature. At each point
of inflection in the foil curvature the phase of the displacement reverses. (Phase
reversals can also occur when there is no inflection if the curvature is high. This is
Mlustrated in Figure 11(b).

3. The curved foil is the radiating shape of the transducer.

Figure 11(c) illustrates the combining of these features in a 250t m thick

PVDF piezoelectric material about 10mm wide and 20-30mm in length used for gas-

velocity measurements in domestic gas. The optimum foil to use is the uni-
directional one cut with the active direction across the strip since this suppresses the
existence of a strong dilational mode in the length direction (however, a bi-
directional PYDF could also be used). Were this present it would cause an
additional response peak below the desired one giving low frequency undulations to
the output. The foil is driven in the width direction at frequencies at and below the
first width resonance.™This vibration forces a corresponding periodic dilatation
along the foil, via Poisson coupling, which is every where in phase. The foil was



Fi gs.

11(d) depict an inverted U - shaped uni-directional

mat'er«.al”~ The arrow in the first diagramof the Figure dep

direction;

t he piezoelectric material of Fig. 11(d); Figs. 12 (1), (2 ( :
depict the shapes of piezoelectric materials which were used in Figs. 13 -

16; Figs.

pi ezoel ectric
icts the active

Fig. 11(e) is a graph of resonance frequency versus |ength of

), (3) and (4)

13(1) - (4) are power output versus frequency curves for |x2cn2,

nono-directional, |ongitudinal PVDF foil (outputs uncorrected for

m cr ophone response for shapes (1) - (4) of Fig. 12;
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curved into the shape shown via clamps at each end and a retaining wire across the
middle giving an effective radiating area of about 100 mm2. The two high curvature
mounds possess enhanced transverse motion and are in phase. In the depression
between them the transverse motion is in opposite phase. The overall shape across
the radiator integrates the output to give a strong broadband response around 100
kHz, wavelength = 3 mm. This response is enhanced by the width resonance at
about the same frequency.

A second configuration is shown in Figure 11(d), suitable for lower
frequency piezoelectric materials, 20 - 50 kHz. In this case a strip of the uni-
directional foil was cut along the active direction and the strong dilational resonance
along the foil was used as the basis for the piezoelectric material. The foil is
clamped in a simple inverted "U" shape and then the curved front of the inverted
"U" was slightly flattened with a retaining wire. The optimum output is obtained
when the foil is pushed in until the radiating surface was just short of being flat. At
this point the whole radiating surface vibrates in phase. If the foil is made exactly
flat a region in the middle appears having reverse phase which destroys the
response. The operating frequency was determined by the length of the foil and
second, by .the final complex curve and the results are illustrated in Fig. 11(e). A
secondary effect of the retaining wire was to broaden the frequency response.

. EXAMPLE 2

' Theories of the propagation of sound in materials are normally continuum-
based. Hdwever, the thickness of piezoelectric plastic films is typically 10 to 100
microns and therefore much smaller than the wavelengths propagated in the film,
and continuum theory is not applicable. The treatment of acoustic wave propagation
in thin films is therefore complicated and approximate only, but permits the
identification of quasi-longitudinal or dilational waves primarily generating surface
motions parallel to the film surface and to transverse waves. These waves can occur
as irrotational or divergence-free waves and may also occur as volume waves or
surface waves. ["Structure-Bome Sound”, Cremer, Heckl & Ungar, Springer-
Verlag, Berlin, 1973].

The following. experiments in 251t m thick PVDF film cut in 10 x 20mm
lengths demonstrate the effect of the foil geometry on the propagation of and

interplay between the dilational and transverse waves. Furthermore intercomparison -

of the propagation spectra for uni-directional PVDF films cut parallel and transverse
to the poling direction identify the peaks on the spectra as due to longitudinal or
transverse waves.

PCT/AU91/00157



Figs. 14(1)

(out puts uncorrected for

12;

and Fi gs.
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(4) are power output versus frequency curves for 1x2cnierr],
nonb- di‘rectional, transverse PVDF foil (outputs uncorrected for
response for shapes (1) - (4) of Fig. 12; Figs. 15(1) - (4) are
out put versus frequency curves for |x2cnR2, bi- directional, PVDF foi

m cr ophone
power

m crophone response for shapes (1) - (4) of Fig.

16(1)-(3) are power output versus frequency curves for
| x2cn2, nono-directional, transverse PVDF foil (outputs corrected for
m crophone response
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Comparisons are made for the four configurations (all on 1 x 2cm foils)
depicted in Figs. 12(a), 12 (b), 12(c) and 12(d), designated foil configurations (1),
), (3) and (4) respectively. |

Figs. 13 - 16 of configurations (1) to (4) of PVDF film on a lcm base width
establish the transfer of energy between the modes and demonstrate thé criticality of
shape/the optimization associated with the current piezoelectric material.

Using the terminology of Fig. 9, the overall length x partly determines the
frequency, and the ratio hy/length determines frequency and output.

Variations of up to 4 0.5mm in hyj and hay can be tolerated but thereafter

there is a rapid decrease in output, e.g. + 1.0mm causes a reduction of 4 in the
signal. .

The effect of the electrode mass on the transducer output was to decrease the
amplitude i.e. the higher the molecular weight/density of the film and the thicker
the electrode thickness, the lower is the amplitude of vibration and the output of the
transducer, e.g. from Al - Ti - Ag - Au there is a drop off of dB in output.

EXAMPLE 3 _ ‘

Preliminary measurements were made on a circular piezoelectric material of
20mm diameter of the type shown in Fig. 4. Compared with a transducer of the
type shown in Fig. 1 or 8 the aﬁtput was approximately 10dB less but this does not
account for the inefficient folds due to insufficient forming of the plastic in moulds.

INDUSTRIAL APPLICABILITY

An ultrasonic piezoelectric transducer of the invention is especially useful in
systems for detecting and/or transmitting ultrasonic vibrations in air or other gases
inéluding gas for domestic, commercial or industrial use or fluids including water
and sea water.

PCT/AU91/00157



9 WO 91/17637 for shapes (1) - (3) of Fig. 12. BEST MODE AND OTHER MODES
FOR GARRYI NG QUT THE | NVENTI ON The fol | owi ng descri bes the construction of
an ultrasoni c piezoel ectri'c transducer desi gned to operate at around 100

kHz. The Gut—pm—vf—t—m-s—i—r—ansducer S
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" CLAIMS
1. An ultrasonic piezoelectric transducer comprising a plezoelectnc material

having a profile whereby said transducer is capable of transmitting and/or receiving
ultrasonic vibrations in a dilational mode.

2.  The transducer of claim 1, tdgether with means to profile said material, said
means being operatively associated with said material.
3. The transducer of claim 1, said material being tensioned, together with
means to tension said material, said means being operatively associated with said
material.
-4, The transducer of claim 1, 2 or 3 wherein said profile is inverted U shaped.
5. The transducer of claim 1, 2 or 3 wherein said profile is saddle shaped.
. 6. The transducer of claim 1, 2 or 3 wherein said material comprises a poled
polyvinylidene polymer or a copolymer of vinylidene fluoride and trifluoroethylene.
7. The transducer of claim 1, 2 or 3 wherein said material is saddle shaped and
comprises a poled polyvinylidene polymer foil.
8. The transducer of claim 1, 2 or 3 wherein said material is inverted U shaped
, and comprises a poled polyvinylidene polymer foil. ,
’ 9.  The transducer of claim 3 said piezoelectric material being saddle shaped as

depicted in Fig. 9 where dp is the cross sectional diameter of a bar operatively

. associated with the piezoelectric material to tension the piezoelectric material, points

A and C are points of anchor of the piezoelectric material, x is the length of the
profile of the material between points A and C via Point B, d; is the distance

between points A and C, d3 is the distance between the tops of the saddle, hj is the
height of the piezoelectric material to the top of the left hand saddle from a line
joining points A and C, hy is the height of the piezoelectric material to the top of
the right hand saddle from a line joining points A and C, hpj is the height of the left
hand saddle of the piezoelectric material and hyp is thc height of the right hand
saddle of the piezoelectric material, and wherein:
1.5%d} s x < 2.3%dy;
0.5%dj = hy < 0.9%dy;
0.5*d) = h) = 0.9%d;;
0.1*d) < ho < 0.2*dy;
0.1*d; =< hyp £ 0.2%d);
0.05*d] < dp < 0.2%dy; and
- 0.6*d; < d3 < 0.8%d).
10.  The transducer of claim 9 wherein:

This Sheet Has Been Repl
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rel atlvely high (at around 1 Pa/V at 10cmfor its working area of lcnferr])
and conpared to nost other piezoelectric transducers, it has a broad '
bandw dt h (around 30 kHz between 3dB points). The reception sensitivity
wi |l depend on the type of anplifier applied to the transducer, as will the
system noise (i.e. using a high input- inpedance VRN
give different char acteristics to a low input- i 1 g@@érmgg@d Ct ance
anplifier). Referring to Fig. 1 a thin PVDF foil |J10° vm,b;apgp(gmrate _
el ectrodes 11 and 12 is caused to bend over a fo e Fhg screw
holes 25 (left screw hole shown only), by adjustable crosshar 14 -
typically of thin, stiff wire - as per Fig. 1. :
: 17
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dq = 10mm;
15mm S x < 23mm;
Smm £ hy < 9mm;
Smm < h) € 9mm;
Imm £ hy; < 2mm;
Imm £ hyp S 2mm;

0.5mm < dy < 2mm; and
6émm < d3 < 8mm.

This Sheet Has Been Replaced
11.  The transducer of claim 10 wherein: l IIII IIIIIH I Il llI '

d; = 10mm;
x = 20mm;
~ hy =-7.5mm;
hy = 7.5mm;
- hpj = 1.5mm;
hyr = 1.5mm;

dy = 1.0mm; and
i : d3 = 6.9mm.

12. The transducer of claim 9, 10 or 11 wherein the piezoelectric material

comprisés a pdlcd polyvinylidene polymer foil.

‘13,  The transducer of claim 9, 10 or 11 wherein the piezoelectric material

comprises a poled polyviny]jdené foil which is 9 m to 351 m thick.

14.  The transducer of claim 1, said piezoelectric material being profiled and
" tensioned, together with means to profile and tension said piezoelectric material,

said means being operatively associated with said piezoelectric material.

15.  The transducer of claim 14, wherein said profile is inverted U shaped.

16.  The transducer of claim 14 wherein said profile is saddle shaped.

17.  The transducer of claim 14 wherein said piezoelectric material comprises a

poled polyvinylidene polymer or a poled copolymer of vinylidene fluoride and

trifluoroethylene. 3

18.  The wansducer of claim 14 wherein said piezoelectric material is saddle

shaped and comprises a poled polyvinylidene polymer foil.

19.  The transducer of claim 14 wherein said piezoelectric material is inverted U

shaped and comprises a poled polyvinylidene polymer foil.

20.  The transducer of claim 14 said piezoelectric material bemg saddle shaped as

depicted in Fig. 9 where dy is the cross sectional diameter of a bar operatively

associated with the piezoelectric material to profile and tension the piezoelectric

_* ¢ L M s =*



D nensi ons of block 13 are shown in mmin Figs. 6(a) and (b). The dianeter
of Pemd L5 in foil 10 is governed by the height of crossbar 14 above bl ock -
13. The di aneter of bend 15 affects the frequency of operation (about 3mm
at 100 kHz) as does foil width 16 (about 1cmat 100 kHz). Both of these
di nrensions al so affect the anplitude of vibration (i.e. the transm ssion
and receptive sensitivities). Foil 10 is fastened to block 13 by
screws 17 and 18, and washer 21 which is used |nr"“””""'”“?m
whi ch al so serve to bring the foil into contact
20 whi ch nake contact with el ectrodes 11 and 12 ik :
of foil 10 near to screws 17 and 18 may be treat €F=atH
18 ‘
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VAl ortions
odi um hydr oxi de

material, points A and C are points of anchor of the piezoelectric material, x is the
length of the profile of the material between points A and C via Point B, dj is the

distance between points A and C, d3 is the distance between the tops of the saddle,
hy is the height of the piezoelectric material to the top of the left hand saddle from a
line joining points A and C, hy is the height of the piezoelectric material to the top
of the right hand saddle from a line joining points A and C, hpj is the height of the
left hand saddle of the piezoelectric material and hoy is the height of the right hand
saddle of the piezoelectric material, and wherein: .
1.5%d; < x < 2.3%dy;
0.5*d; < hy £0.9%dy;
0.5*d; < hy < 0.9%dy;
0.1%d} < hyj < 0.2%dy;
0.1*dy < hyp = 0.2%dy;
0.05*d] < dy < 0.2*dj; and
0.6%dy < d3 < 0.8%d;.
21.  The transducer of claim 20 wherein:
= 10mm;
1Smm < x £ 23mm;
5mm < hy < 9mm;
Smm = h] < 9mm;
Imm < hy € 2mm;
Imm < hyp € 2mm;
0.5mm < dg < 2mm; and

- 6mm < d3 £ 8mm. Sheet Has Been Replaced
2. The wimtusrofci 21 i | ||||||“ i
_ d1 = 10mm; .
' x = 20mm;
i ' hy = 7.5mm;
| ' by = 7.5mm;
hyi = 1.5mm;
hyr = 1.5mm;
dy = 1.0mm; and
d3 = 6.9mm.

23.  Thé transducer of claim 20, 21 or 22 wherein the piezoeleciric material
comprises 2 poled polyvinylidene foil.
24, The transducer of claim 20, 21 or 22 wherein the piezoelectric material

* C L M §



to remove the alum nium electrodes 12 and 11 respectively. This reduces

t he capagitance in parallel with the working part of foil 10 and i nproves
both reception and transm ssion characteristics. The frequency of maxi nmum
acoustic output is close to the frequency predicted for a standing wave
resonant across foil 10, however any resonance is largely sneared out due
to the action of air or other gases inposing a bendipg _resistance on foi
10 which has a | ow acoustic-i npedance. Hol ographic —the
node of vibration indicates that nost of the nenbrane nnﬁg; ]
foil 10 about n1dmay bet ween the centre of bend 152;=x=mit-f
bends 22

19
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comprises a poled polyvinylidene foil which is 94 m to 351 m thick.

25.  The transducer of claim 20, 21 or 22 wherein the piezoelectric material
comprises a poled polyvinylidene foil which is 254 m thick.

26. The transducer of claim 14 said piezoelectric material being inverted U-
shaped as depicted in Fig. 10 where points A and B are points of anchor of the

plezoelectnc material, x is the length of the proﬁle of the material between points A
and B via point C and d; is the distance between points A and B, wherein:

1.5*%dy < x < 2.3%dy.
27.  The transducer of claim 26 wherein:
dq = 10mm; and
15mm £ x < 23mm.
28.  The transducer of claim 27 wherein:
d; = 10mm; and
x = 20mm.
29. The transducer of claim 26, 27 or 28 wherein the piezoelectﬁc material
comprises a poled polyvinylidene foil. ' '
i 30. The transducer of claim 26, 27 or 28 wherem the piezoelectric material
comprises a poled polyvinylidene foil which is 9t m to 351 m thick.
31.  The transducer of claim 26, 27 or 28 wherein the piezoelectric material
comprises a poled polyvinylidene foil which is 251 m thick.
32. A process of constructing an ultrasonic piezoelectric transducer, said process
comprising:
profiling and tensioning a piezoelectric material whereby said material
becomes capable of transmitting and/or receiving ultrasonic vibrations in a dilational
mode.
33.  The process of claimr 32 wherein said material is profiled into 2 saddle
shape. ' :
34.  The process of claim 32 wherein said material is profiled into an inverted U-
. shape.
35.  The process of claim 32, 33 or 34 wherein said material comprises a poled
polyvinylidene polymer foil.. _
36. The transducer of any one of claims 9 - 11, 20 - 22 or 26 - 28 , wherein the
width of the piezoelectric material is 1mm - 500mm.
37.  The transducer of any one of claims 9 - 11, 20 - 22 or 26 - 28 , wherein the
width of the plezoelecqg___c material is 5mm - 20mm.
38.  The transducer of any one of claims 9 - 11, 20 - 22 or 26 - 28 , wherein the

heet Has Been Rej laced
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and 23. Figure 7 depicts a magnified optical projection of an actual
transducgr foil profile. Nunbers corresponding to those of Fig. 1 have been
added to Fig. 7 where appropriate to facilitate conparison. The edges at no
poi nt have any detectable norrmal notion. Nor does the centerline, beneath

crossbar 14. Thus, to stop gross WO 91/ 17637 _ 10
notion of foil 10, it can be supported at the edgegra Te~ 1L 0pS © TR
bends 22 and 23 THIS SHEET HAS BEEN

REPLAGED
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width of the piezoelectric material is 10mm.

39.  An ultrasonic piezoelectric transducer comprising a piezoelectric material
having a profile and being tensioned, together with means to tension said material,
said means being operatively associated with said material, whereby said transducer
js capable of transmitting and/or receiving ultrasonic vibrations having a vibrational
peak in the frequency range 10kHz - 200kHz.

40.  The transducer of claim 39 wherein the range is 80kHz-120kHz.

41.  The transducer of claim 40 wherein the range is 95kHz-105kHz.

42.  The transducer of claim 39 wherein the range is 15kHz-60kHz.

43.  The transducer of claim 40 wherein the range is 15kHz-30Khz.

44.  An ultrasonic piezoelectric transducer comprising a piezoelectric material
being profiled and being tensioned, together with means to profile and tension said
material, said means being operatively associated with said material, whereby said
transducer is capable of transmitting and/or receiving ultrasonic vibrations having a
vibrational peak in the frequency range 10kHz - 200kHz. .

45.  The transducer of claim 44 wherein the range is 80kHz-120kHz.

46.  The transducer of claim 45 wherein the range is 95kHz-105kHz.

47.  The transducer of claim 44 wherein the range is 15kHz-60kHz.
'48.  The transducer of claim 45 wherein the range is 15kHz-30Khz.

49.  The transducer of claim 1 wherein the piezoelectric material is saddle shaped
as depicted in Fig. 9 where points A and C are points of anchor of the piezoelectric

material, x is the length of the profile of the material between points A and C via
Point B, dj is the distance between points A and C, d3 is the distance between the

tops of the saddle, hj is the height of the piezoelectric material to the top of the lefi
hand saddle from a line joining points A and C, h; is the height of the piezoelectric
material to the top of the right hand saddle from a line joining points A and C, hyj
is the height of the left hand saddle of the ‘piezoelectric material and hy; is the
height of the right hand saddle of the piezoelectric material, and wherein:

1.5%d] = x £ 2.3%dy;

0.5%d} < hy < 0.9%dy;

) : 0.5*d) = by < 0.9%dy;

0.1*d; =< hyj = 0.2%dy;

0.1*d} < hyp < 0.2*dy; and
0.6*d; = d3 < 0.8*d;.

Sheet Has Been Replaced
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by support posts 26 and 27, and 28 and 29 respectively, as depicted in Fig.
1. 4aThe=@ntire transducer of Fig. 1is, except for radiating surfaces 22 and
23, ideally shrouded by a conductor to reduce el ectronagnetic and acoustic

i nterference. The hei ght of crossbar 14 can be adjusted by screw (noving
formng block 13 relative to a body mhi&? supports crossbar 14) or sinply
by hand. Using either nethod takes a fe leconds, and, given the sinplicity
of the component parts, the entire assenbly should be inexpensive to
produce. A simlar, but alternative, arrangenent to that_depicted in Flgs

1, is depicted in Fig. 8 1In this latter arrangenent, a
[err] - 25 [err],

ULTRASONIC TRANSDUCER
ABSTRACT

Ultrasonic piezoelectric transducer comprising a piezoelectric material (10) having a
profile whereby the transducer transmits and/or receives ultrasonic vibrations in a dilational
(quasilongitudinal) mode. The profile is curved and includes a point of inflection. Possesses a

. vibrational peak in the frequency range 10 kH, - 200 kH,. Construction is performed via

profiling and tensioning the piezoelectric material.

Fig. 1.

This Sheet Has Been Reﬂlaced




typically 25 [err]) PVDF foil 10a with evaporated el ectrodes 1 la and 12a
S capsed to bend over a plastic formng bl ock 13a T A ggs—25a—0f-
eithef sidé (left side shown only), by adjustable co§§l§a$Hia:FaHASBj£ﬁN al |y
of thin, stiff wire housed in a plastic sleeve - asier FREPLACEDI nens
of block 13 are as shown in nmin Fi gs. 6(a) and (b). The dirametet :
15a in foil 10a is governed by the height of crossbar 14a .above bl ock 13a.
The di amet eWOSHHdhd 15a affects the frequency of operatyc@nug@hﬂg; 3nm at-
100 kHz) as does foil width (approximtely corresponding to width 16a of

bl ock 13a (about 1cm at 100 kHz). Both of these dinensions also affect the
anplitude of vibration (i.e. the trapgnjgssion and receptive sensitivities).

|

ure

I
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Foil 10g is clanped to block 13a by |ocating hol es 30a (left hand hol e
shown only) "&ver lugs 25a (left hand | ug shown onl o—plAtiRg=plastd i

washers 2la and 2laa over lugs 25a to bring foil lﬁanﬂssmEEDHWNBCBM

LW W N e S M N B " O o SRS 5 S0 WSO B
U J

respectlvely d} ‘%gg can be clanped into place abo gcat i ng
cl anpi ng j aws { shers 2l1a and 2laa. To stop gross notion of foil 10a,
it is supported at the edges at the tops of the bends 22a BrvdACAagelps
support posts 26a and 27a, and 28a and 29a respectively, as depicted in
Fig. 8 The formng block 13a is preferably forned from an insulator. The
hei ght of crossbar 14a can be adjusted byZHat®d which can take a few

301 02
/- / 303
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seconds, and, given the sinplicity of the conponent parts, the entire
assenbly is inexpensive to produce. The piezoelectric mater] al of Fig. 1

_10a of Fig. 8 is saddl e shaped as depicted 8 is the
crbss sé&ctional. di ameter of crossbar 14 or 144 gﬁ@?gﬁﬁg& Dé%?%%»ated W t h
the piezoelectric material to tension the piezioereetsie n“*ﬂtJﬂ' points A
and C are points of anchor of the piezoelectric mat eg(_éH/Auﬁ/doﬁsﬂ he | ength
of the pg@; yﬁﬁgf the material between points A and via Point B, [err] is
t he di stance between points A and C, d3 is the distance between the tops of
t he saddl e,
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WO 91/17637 [err] is the height of the piezoelectric material to the top of
the left hand saddle froma line joining points Aand C_hr is the height

of the piéZzoelectric material to the top of the ri i, l“h“[_‘_. FFom a
line joining points A and C, [err] is the height off {1 q%’%fjtl;\ Bbgﬂd%_e of
t he piezoelectric material and h2r is the height o e nd safidl e

of the piezoelectric materialk, and- wherein: [err] = 10mm X 20mm
7.5mm [erwp 91335y [err] = 1.5mm h2r PCT/AU91/00157
4/19
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1.5mm d2 = 1.0mm and d3 = 6.9nm The foll ow ng descrlbes an al ternative
constyuction of an ultrasonic piezoelectric mterial .8
thin*PVDF foil 100 with evaporated el ectrodes 101 and
over an cylindrical plastic formng block 103 by adj
typically of thin, stiff wire - as per Fig. 4. The dege
100 is governed by the height of rod 104 above base 114 in bl ock 103 The
degree of WRMNEFH foil 100 affects the frequency of OpBEERALYABS? does Toi
di ameter 106. Both of these di nmensions also affect the anplitude of
vibration (i.e. the transm ssion and
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receptive sensitivities). Foil 100 is fastened to block 103 by nylon screws
107 and 108, and washer 111-which is used in conjundFE=e

whi ch al sdserve to bring the foil into contact wt
110 which maké contact with el ectrodes 101 and 102
portions of foil 100 near to screws 107 and 108 may 2 ;
hydr oxi de L QA b&g0ve the al um nium el ectrodes 102 and 101 reﬁﬁectlvely Thi s
reduces Pﬁ% capaC|tance in parallel with the working f9%6i1 100 and

i nproves both reception and transni ssion characteristics. To stop gross
notion of foil 100, it can be supported at .edge 112 by rim

6/ 19
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113. Form ng block 103 is preferably fornmed froman insulator and the
entire device save for the radiating foil 100 is ideally shroudeg g
al unf ni umtconduct or to reduce el ectromagnetic and ages
The hei ght of rod 104 .can be adjusted by screM/(ankﬁﬁ“ﬁ :

relative to a body which supports rod 104) or sinply by hand st
friction between rod 104 and a hole in the form ng brock to hold in
posi tion yhbiskesi is finally glued). Fig. 2 depicts sebgrevi/emsiy, in block
diagram form a system 300 for detec;in% ultrasonic vibrations. System 300
has an ul trasonic piezoelectric'transdu er 301 of Fig. 1, 8 or 4 and an
anplifier 302 linked electrically to

—

4—_—;——»—

Figure 7
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transducer 301. Anplifier 302 is Ilnked also electrically, to filter 303
mhlch inturn is linked electrically to cathode ray n
use, "syst&m 300 is located in an at mospheric enviro nﬁHES$HEWWH£$BEEN1}

ultrasgnic waves are required to be detected. U tragioni c REBLACEDNS inf|t he
air or other gases cause transducer 301 to V|brate Fy—are=ar e
converted to ultrasonic

WO 91/17637 PCT/AU91/00157
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el ectrical signals by transducer 301. The ultrasonic electrical signals are
anplified by anplifier 302, filtered by filter 303 and dlsplayed on cat hode
ray oscilloscope 304. Fig. 3 depicts schematically, in k-diagram form
a system 400 for transmtting ultrasonic vibrations. m é’é}g ]
ul trasoni c piezoelectric transducer 401 of Fig. 1, 8
ul trasonic {z?si ne wave generator 402 or ultrasonis »'f--'--—~——-----.-.._ux- 103.
linked el ectricalfy with transducer 401. In use, systenrc@Audimoisycated in
an at nospheric environnent in which ultrasonic waves are required to be
transmtted. Utrasonic electrical si gga}J $o Whi ch

fe—=13 S|
A< T oy - -
;) . by
< NS
L) B br
ﬂ l,( A 4 d1 . N :‘ C
Figure 9
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are applied to transducer 401 by square/sine wave generator 402 or pul se
generator 403 cause transducer 401 to vibrate ult Q?Q%T '

ul trasoni e vibrations to be transnitted into the sufrGUlNITIOIAS BEGN ot her
gases. Fig. 5 depicts schematically, in block dia GERy st enf 500
for detecting and transmtting ultrasonic vibrations. System 500 has an
ultrasonic piezoelectric transducer 501 of Fig. 1, 8 19N anplifier
502 |i nk@@*@f"éﬁ?ri,cal ly to transducer 501 via switch %TE{&U%\@I ifier 502 is
| i nked, also electrically, to filter 503 which in turn is |inked
electrically to cathode ray oscill oscope 504. System 500 has an ultrasonic
squar e/ si ne wave generator 506 or 10/ 19

Figure 10
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ul trasoni c pul se generator 507 linked electrically to transducer 501 via |
swi tch 505 In use, system500 is located in an atnnspherlc envi ronnent in
whi ch ultrasoni ¢ waves are required to be detect T g i ';Etlons
in the air or other gases cause transducer 501 t Tﬁh% HéE?%;é &56h| ally
and are converted to ultrasonic electrical signal . The
el ectrical signals pass to anplifier 502 via SMAtCh—505 whi ch |inks

t ransducevo @Bw763nd anplifier 502 when system 500 is i pct/Ae9datiect i on node.
The ultrasonic electrical signals are anplified by anplifier 502, filtered
by filter 503 and di spl ayed on cathode ray oscill oscope 504. In the -

transmtting node ultrasonic electrhqa)1§ignals which are applied to
transducer 501 '

.

frequency

Figureill(a)

I ——
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by square/sine wave generator 506 or pul se generator 507 V|a smntch 505
whi ch |inks transducer 501 and generator ~506 or
to V|brate ultrasonically causing ultrasonic vib
info th& surrounding air or other gases and can
508 fromwhich they are reflected and detected bis=sys :
detecti on node. Two systens 500 each having transducers‘ﬁﬁﬁﬁgglng to Fig.
1, 8 or 4 ?ﬁ gﬁscrlbed i nhredi atel y above may be pIa stance from
one anoPR&H%

12 /19
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13 alternatively transmt and receive ultrasonic signals to nake

measur enents such as gas flow rate. An alternative system5A i
transducer$ each according to Fig. 1, 8 or 4, where tihgid anBEHRNRAE BN

pl aced at a distance fromone another to alternativel tramﬁy_\@m rec ive
ultrasonic signals to make neasurenents such as gas f

has been iygloglsed above, a piezoelectri:c material of EE?/ALBY/%&%’-O” has a

13/ 19
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curvature having a point of inflection and it is thought that provided the
curvature al so possesses the appropriate radiation geonetry there is a
resultant Bffective coupling of piezoelectric excitation to transverse

di spl acenents whereby the out of phase transverse V|b~::e- FE
interfere to give high output and when this occurs thg
being drive a_quasi - | ongi t:udi nal / di | ati onal node, |
surface nn??ﬁﬂg ﬁ%rallel to the surface of the piezoel<am 3
function of the curvature of the transducer of the |nvent|on functlon is
conplex in three ways. 1. Wiere a length resonance is enployed t he

frequency of the resonance 14 / 19
{ A
. O
5%
==
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= 30
I | 1 1
| 10mm 20mm 30mmm 40mm
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Figure 11(e)
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increases with increasing curvature, the anount being related to t he
integral of sthe curvature along the foil. (Figure | (a))

|l ength of the foil is driven in phase, as'is usually thg
curvature serves to distribute transverse drsplacenent_eﬁ;gih
with the longitudinal dilations unevenly along the foil, = .
di spl acena¥@81/bB1g associated with the points of greagg;t curvature AT
each point of inflection in the foih;fqgvature the pha VRS

di spl acenent reverses. (Phase reversals can al so occur when there isS no
inflection if the curvature is hi is.is illustrated in Figure 11(b).

— 1 cm k—

Figure 12
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i|lustr ateg t he conbining of these features in a 25 [er ]T;-ti,g_ic,(,*.:jg~ I?VDF -

3. The curved foil is the radiating shape of the transd ~El.gure_11(c)

W

vel ocity nmeasurenents in donestic gas. The optinum foil= i o i 4

pi ezoel ectric material about 10mm wide and 20-30mmin |gngth ngs}g\(f "‘g%ﬁ!; f

di rectiional one cut with the active direction across the strip since this
suppr ess %ll)%;%xi stence of a strong dilational node in the Ien7gth :
directi o‘r?&( Oowever, a bi- directional PVDF coul d al soPR¥AYSKMIST were t hi
present it would cause an additi onallé /e®ponse peak bel ow the desired one

giving | ow frequency undul ati on;.t Orttfg output. The foil is driven in the

width direction at frequencies el ow t he
@) m
()

~ i
100kEzZ 200XEz

[

[
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first width resonance. This vibration forces a corresponding peri od|
dilatatien.along the foil, via Poisson coupling, which i s every e

phase. The foil was 14 curved into the shape shown vi
end and a retaining wire across the mddle giving an eff
‘area of about 100 nmR2. The two hi gh curvature nounds posess
transverse VgBtgmpﬂand are in phase. In the depression

PCI‘/AU9I/00]57
17 / 19
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between themthe transverse notion is in opposite phase.
across the radiator integrates the output to give a strong broadband

response around 100 kHz, wavelength = 3 mm This response

The overal |l shape

tric REPLACED

remhanced D —
the width resonance at about the sane frequency. A second c fﬁbﬁﬁ%fﬁ@ﬁ%%@tEN
shown in Figure 11(d), P

mat eri al s,

20 -

50 kHz.

suitable for
In this case a strip of the uni-

| ower frequency piezoel

directional foi

was cutwalaangedzhe active direction and the strong dig&yi@iahidzesonance

al ong the foi

the i nverted

was used as the basis for the piezoelectric material.

The

foil is clanmped in a sinple inve&}?qg"U' shape and then the curved front of

Ficure 13
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"U was slightly flattened with a refaining W re.
obt ai ned when the foi

short™ of belng flat.

I's pushed in until

The optinum out put
the radiating surface wa
At this point the whole radiatingpsuetace

S

phasg, If the foil

havi ng reverse phase which destroys the response.

is made exactly flat a region in thr
The

conplex

was det ern ned %% the length of the foil and second, by &1 nal
curve and YR8 ®SUI ts are illustrated in Fig. 11(e). APQ'GMdfaiﬂWeffect of
the retaining wire was to broaden the frequency response. EXAVPLE 2

Theories of the propagation of sound in materials are normally continuum
18 /19
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ased. However, the thickness of piezoelectric plastic filnms is typically
0 to 100 mcrons and therefore nuch snmaller than the mavelengths
- propagated in the film and: contlnuun1theory S
t¥*-eat ment of acoustic wave propagation in thin
conplicated and approximate only, but permts t
quasi -1 ongi tudi nal or dilational waves primaril}gen not i ons
parallel to the filmsurface and to transverse waves. [hese waves—can occur
as irrotational or divergence-free waves] and may al so occur as vol une waves

or surface waves. ["Structure-Borne Sound", Crener, Heckl & Ungar,
Springer- Verlag, Berlin, 1973].

Figure 1




The  fol | owi ng experiments in 25 [err] thick PVDF filmcut in 10 x 20mm
| engt hs denonstrate the effect of .the foil geonetry on the propagation of
and interplay between the dilational and transverse waves. Furthernore
i nterconpari son of the propagation spectra for uni-directional PVDF filns
rcut parallel and transverse to the poling direction ideatify-the-peaks-—on.

:the spectra as due to longitudinal or transverse V"aV‘EsREF’LMEEMENT'sHEET J
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Conparisons are nmade for the four configurations (all on |l x 2cmfoils)
“depicted in Figs. 12(a), 12 (b), 12(c) and 12(d), designated foil
configurations (1), (2), (3) and (4) respectively. Figs. 13 - 16 of
,configurations (1) to (4) of PVDF filmon a lcm pese=witihtstabiisg
"transfer of energy between the nodes and denpnst} HEPLAGEMENT SHERT {
shape/the optim zation associated with the currepnt piez e {
Using the term nology of Fig. 9, the overall | engtate:. pa JAjﬁ{i&@r ‘
frequency, and the ratio [err]/length determ nes ast -
Variations of up to [err] O0.5mmin [err] and [err] can be tol erated but
t hereafter 3
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there is a rapid decrease in output, e.g. + 1.0mm causes a reduction of 4
in the signal. The effect of the el ectrode mass on the transducer out put
was to decrease the anplitude i.e. the higher the nol ecul ar wei ght/den5|ty
of the filmand the thicker the electrode thickness, ' i

[ Ti
- Ag - Authere is a drop off of dB in output. EXAI\/PE 3 Pr%IA%

measurenments were nade on a circular piezoglectric f W
di aneter- of the type shown in Fig. 4. Conpared with a e
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type shown in Fig. | or 8 the output was approximtely 10dB | ess but this
does not account for the inefficient folds due to insufficient form ng of
the plastic in noulds. | NDUSTRI AL APPLI CABI LI TY An ultrasonic piezoelectric
transducer of the invention is especi al |y useful inB-swsteps—tfor_detecting
and/or transmtting ultrasonic vibrations in air.|pRepLRACEMSEATEHEETC judi ng
gas for donmestic, comercial or industrial use orfflui ds]@ﬂw ter

and sea water. [ (- S
5
500 ' '
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.1 6 CLAIMS 1.

conprising a piezoelectric foil
supporting and tensioning said foi

An ul trasonic piezoelectric transducer capabl e of
transmtting and receiving ultrasonic vibrations in a dilational

wher ei n:

node,

operatively associated with neans.
sai.d-foil. is.profiled and

tensi oned by sai'd means to formthree curved sgggEALsANRENTESRE e2pdh curved
segnent has an opposite sign of curvature to a adjaceZtAﬁEW§&9

is not fixed to said neans,

27

and wherein

------------------------------
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sai-d foil is freestandi ng between each of said segnents and is anchored to
said neans on either side of sai-d three curved segnents 2. The

ttansducer of claim1, wherein said transducer is c
and receiving ultrasonic vibrations having a vibrat

frequency range 10kHz - 200kHz. 3.

An ultrasonic p

capabl e of transmtting and receiving ultrasonic vi
vi brational peak, in the frequency range of 10kHz -
pi ezoel ectric foil operatively ass cwated mnth neans supportlhg and

ten5|on|ng said foi

wher ei n:

paoie of LI allbnTtt]'

¢ ons havrnq a

L
ezoel ec‘r‘l A c’
g

ZUUKHZ conprising a

ds




said foil is profiled and tensioned by said neans to formthree curved
segnents wherein each curved segment has an opposite sign of curvature to
an adj acent curved segnment and is not fixed to said means, and wherein said
feil is freestanding between each of said segnents nchored to said
nmeans on either side of said three curved segments.

said twe segnents, said two segnments being of the dar

5. The transducer of any one of clains 1 to 3, wherein sald means |ncludes
a

8

Figure 8
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support bl ock on which said foil is nounted, said bl ock having support
posts operatively associated with two of said three curved segnments to
support said two segnents, said two segnents being of the sanme sign of

curvature. 6. The transducer of claim4 or 5, mh$FEFﬁ=§ﬁrd—sﬁg§ osts
are wedge shaped. 7. The transducer of claimd4, mheﬁe?kﬁ@ﬁﬂ@w

supporting and tensioning said foil includes a tengioning I)‘l’ AUGMI ely
associ ated with one of said curved segnents to tengi B#esai-c-ome of<saild

curved segnents, said one of said segnents being of—the opposite sign of
curvature to said two segnents. 8. The transducer of claim7, wherein
sai d piezoelectric foil is shaped in cross-

9

Figure 9 - .



s

Section as depicted in Fig. 9 of the acconpanying draw ngs, where d2 is the
cross- sectional dianeter of said tensioning bar, points A and C are points
of anchor of said piezoelectric foil, x is the Iength of the proflle of

sai d piezoelectric foil between poi nts A and C via Pdf
di stance between points A and C, d3 is the distance

of said two curved segnents, [err] is the height of i eZ04! f il
to the top Zlﬁmﬁm

llll!ll!

- : 10

d, 71 B




of -the left hand curved segnent of said two curved segments froma line
joining points A and C, hr is the height of the plezoelectrlc foil to the
top of the right hand curved segnent of said two curv s S 1T Om &
line joining points A and C, [err] is the height of tpe'f yﬂﬁr§UF$E
of
"att? lrér@ The

. segnment of said two curved segnments and h2r is the he

curved segnent of said two curved segnents, and where

transducer of claim8, wherein: [err] = 10mmand x, [err], and [err| are
within the ranges therefor in claim8.

-11
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10. The transducer of claim@8 wherein: [err] 11. The transducer of any one
of clainms 1, 2 or 3, wherein said foil conprises a poled_polyvinylidene
pol ymer or a poled copolyner of vinylidene fluoride afd; TT l.ene.
12. The transducer of any one of claims 1, 2 or 3, wh TgﬁﬁLéggﬁk@§?$mQJ?
conprises a poled polyvinylidene polyner foil. 13. Th rfnsﬁ&cgﬂﬁqﬁipny
one of claims 1, 2 or 3, wherein said foil conprises 3L SQeﬁ;pﬁryvrﬁyrr',ne
polymer foil which is [err] to [err] thick

12

© smal | ( 3
- B >20°

'Figure 11 b




14. The transducer of any one of clainms 1, 2 or 3, wherein said foi
conpri ses a. pol ed polyvinylidene polyner foil which is [err] thick. 15. The

yransducer of any one of clains 1, 2 or 3, wherein the width of said foi
is 1nmm - 500mMm 18 16. The transducer of any one gE=tkad =

2B 5y
wherein the width of oil REPLACEMENT SHEET
UG o
Dat “;LﬁLA ................
13




is 5mm - 20mm 17. The transducer of any one of clainms 1, 2 or 3, wherein

the width of said foil is 10mm 18. The transducer of any one of claims 1,
2 or 3, wherein said transducer is capable of transnlttlng and recei vi ng

ultrasonic vibrations having a vibrational peak, in | -
80kHz - 120kHz. 19. The transducer of any one of cl ajf
said transducer is capable of transmtting and receiji
vi brations having a vibrational peak, in the frequercy

14 -

f A
S
g -
& 30
| i 1 |
10mm 20mm 30mm 40mm
. x—S

- Figure 11 e




EQ. The transducer of any one of clains 1, 2 or 3, wherein said transducer
is capable of transmitting and receiving ultrasonic vibrations having a

vi brational peak, in the frequency range 15kHz - 30kHz. 19 conprises a

pol ed polyvinylidene foil which is [err] to [err] thrCK—25; e

transducer of claim20, 21 or 22 wherein the piezoel Bﬁ'f?"l—écﬁ'dﬁwiﬁﬂ
Date : 14 AUG

15

k—1 cm —
4

Figure 12




-« conprises a poled polyvinylidene foil which is [err] thick. 26. The
transducer of claim 14 said piezoelectric material being inverted U
~shaped as depicted in Fig. 10 where points A and B are points of anchor of
“ the piezoelectric material, x is the length of the profile of the naterial
bet ween points A and B via point C and [err] is the”g%gg WpegT PPi nt s
A and B, wherein: [err] 27. The transducer of cla é‘ aer@; err{|] 28.
The transducer of claim 27 wherein: .
16 L_IZ_inte ..............................

Fioure 13
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« [err] 29. The transducer of claim 26, 27 or 28 wherein the piezoelectric
-material conprises a poled polyvinylidene foil. 30. The transducer of
claim 26, 27 or 28 wherein the piezoel ectric materi dgFcorprrses=a=patead

- ¥ polyvinylidene foil which is [err] to [err] thick.

“claim 26, 27 or 28 wherein the piezoelectyric nmateri conprq ge pol e

pol yvinylidene foil which is [err] thi ck.1r7I32. A pr é@@sc’ﬁam%tl ng

an ultrasonic piezoelectric transducer,, said Qr ocess C :
‘ Figure 14

-of

1

o | 100KHz 200KHzZ



profiling and tensioning a piezoelectric material whereby said materi al
.becones capable of transmtting and/or receiving ultrasonic vibrations in a

*

di l ati onal node. 33. The process of claim32 wherei =} L.d.S_
s profiled into a saddl e shape. 34. The process of_cl(aiﬁﬁPBBCENmﬁigﬁm
material is profiled into an inverted U- shape. 35.

The pn cl
32, 33 or 34 wherein said material conpri sses a pol ed p@hgevj.ﬂ;f.m%m )
foil. 1 ===

Figure 15
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- 36. The transducer of any one of claims 9 - 11, 20 - 22 or 26 - 28,
mwherein the wwdth of the piezoelectric material is 1nm- 500mm 37. The
. transducer of any one of claims 9 - 11, 20 - 22 or 26 - 28 , wherein the

yﬁdth of the piezoelectric material is 5nm- 20mm 38 of
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wi dth of the piezoelectric material is 10mm 39. An ul trasonic

pi ezoel ectric transducer conprising a piezoelectric material having a
profi-le and being tensioned, together with means to tension said material,
sai d neans being operatlvely associated yith said na
transducer is capable of transmtting and/or receivi

vi brations having a vibrati OnﬁhmthﬁSM

40. The transducer of claim 39 wherein the range |
The transducer of claim40 wherein the range is 95kH
transducer of claim 39 wherein the Ted@gécal Fiel@kHz- 60kHz.

This invention relates to ultrasonic piezoelectric transducers, processes of
constructing an ultrasonic piezoelectric transducer, a system for transmitting ultrasonic
vibrations, a system for detecting ultrasonic vibrations, systems for transmitting and.
detecting ultrasonic vibrations, a method for transmitting ultrasonic vibrations, a method
for detecting ultrasonic vibrations and methods for transmitting and detecting ultrasonic
vibrations.

A ——"

REHLAC ESENICOHERT |,
ran&tza 10kHz - 20QkHz.

Background Art

Occasionally situations arise that demand the use of an ultrasomc transducer in the
100-200 kHz range with minimal power requirements and operating into air or other .
gases. The low power requirement rules out a large number of existing transducers -
whether their sensitivities are so poor that they need a large stimulating voltage or
whether they need a large bias voltage which is difficult to achieve in a low power D.C.
system. For example, piezoelectric ultrasonic transducers (commonly used underwater)
operating into air or other gases are typically of low sensitivity or narrow bandwidth.



43. ' The transducer of claim 40 wherein the range-i | S'“I »BQKhz;._A :

ul trasoni c piezoel ectric transducer conprising a ‘jTﬁcﬁ terjal
being profiled and being tensioned, together with maan. %ro ______ J.e.afjd

tension said material, said nmeans bei ng pperati veljy’
mat eri al , ereb saldtran ducer, i s capabl e smttin d/or
recei vi ng THESEr PeLISHICS,) F%PF Fm fhe, F‘ﬂﬁ‘egse\ﬁcﬂ}‘sj{c ’Eﬂ’?&ﬁa afﬂlsfl’%tc?lhn%etWF%rhﬁléncy
range 10K othe? @abdszand4the tranduetibn ammehiate (thelattel bcmgébblmmecreaﬂﬂ latge forgege is
80kHz- 120 6 ;I.}Eﬁ SufRAREHR §AS 'RABGIdS (low
95k Hz- 105éﬁgwn§7omy e1 ?%gér@%&{ E‘?t{heﬂoﬁé ﬁhé erein the rangell S (
15k Hz - 60k Bpoustic output) or one brings the material into a resonant state at one particular
frequency. For echo sensing or information transmission applications a single frequency
is useless and as broad a range of frequencies as possible is desirable. Some low-bias-
voltage (30V) electrostatic transducers have been developed but, by and large, these are

expensive and time-consuming to produce.




48. The transducer of claim45 wherein the r§fig

' Fe—s=—=45kHz- 30Khz. 49,
The transducer of claim| wherein the piezoel egt Eﬂmﬂ%ﬁs’b*ﬁéﬁg pddl e
shaped as depicted in Fig. 9 where points A anf] C gints or anchor of
t he piezoelectric material, x is the length oflt%@fﬁoﬁfcefsg t hg| mat eri al

between points A and Cvia Point B, [err] is the urstemee=hetigey points A
and C, d3 is the distance bet\/\eé‘mnﬁé'ytog ggvep Bsaddle, [err] Ts the
hei ght of t he Ipisempebjectt of the paésent Miveitiort focarieljvraté onb er Inedre disaddarstagss| of

froma |i j ol njng points Aand C, hr is the height of the piezoelectric
materi al ?%eéﬁ%ﬁ%rg.p of the right hand saddle froma line joining points A

and C, [err] is the height of thpgdpkird'fiveadsh e of the piezoelectric
mat eri al and [Iehrr] is the
e

present inventors have discovered that a piezoelectric material having an
appropriate profile can be driven in a mode that is referred to in the specification and
claims as a dilational mode which is alternatively referred to as a quasi-longitudinai
mode. A tentative explanation of what is meant by a transducer being driven in a
dilational mode is as follows. When a piezoelectric material having a curved profile is
driven it will bulge out when it is lengthened and contract in when it is shortened.
Where it is not curved no transverse motion results. Thus, if the material is genty
curved but contains no point of inflection and thus no change in the sign of its curvature,
it will undergo ' ’ '



height'of the right hand saddl e of the piezoel ec

[err]
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transverse vibration of the same phase along its whole length. If, on the other hand, the
curve includes a point of inflection the transverse displacement changes in phase at this
point. If this curvature having the point of inflection also possesses the appropriate
radiation”geometry there is a resultant effective coupling of piezoelectric excitation to

- transverse displacements whereby the out of phase transverse vibrations constructively

interfere to give high output and when this occurs the piezoelectric material is being
driven in a dilational mode. In this way a transducer possessing a high effective
radiating area can be designed for ultrasonic frequencies having wavelengths are of the
order of a few millimetres.



BT |

5
According to one aspect of the present invention there is provided an ultrasonic
piezoelectric transducer capable of transmitting and receiving ultrasonic vibrations in a
dilational mode, comprising a piezoelectric foil operatively associated with means
supporting and tensioning said foil wherein: said foil is profiled and tensioned by said
means to form three curved segments wherein each curved segment has an opposite sign
of curvature to an adjacent curved segment and is not fixed to said means, and wherein
said foil is freestanding between each of said segments and is anchored to said
means on either side of said three curved segments.
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According to another aspect of the present invention there is provided an ultrasonic
piezoelectric transducer capable of transmitting and receiving ultrasonic vibrations
‘having a vibrational peak, in the frequency range of 10kHz - 200kHz, comprising a
piezoelectric foil operatively associated with means supporting and tensioning said foil
wherein: said foil is profiled and tensioned by said means to form three curved segments
wherein each curved segment has an opposite sign of curvature to an adjacent curved
segment and is not fixed to said means, and wherein said foil is freestanding between
each of said segments and is anchored to said means on either side of said three curved
segments.



Brief Description of the Drawings
Fig. 1 is an exploded perspective view of an ultrasonic piezoelectric transducer of
the invention together with a forming block and cross bar;
Fig. 2 is a block diagram of a circuit for detecting ultrasonic signals using an
ultrasonic piezoelectric transducer of the invention;
Fig. 3 is a block diagram of a circuit for transmitting ultrasonic signals using an
ultrasonic piezoelectric transducer of the invention;
" Fig. 4 is an exploded perspective view of an alternative ultrasonic piezoelectric
transducer of the invention;

N
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CLAIMS

1.  An ultrasonic piezoelectric transducer capable of transmitting and receiving
ultrasonic vibrations in a dilational mode, comprising a piezoelectric foil operatively
associated with means supporting and tensioning said foil wherein;

said foil is profiled and tensioned by said means to form three curved
segments wherein each curved segment has an opposite sign of curvature to an adjacent
curved segment and is not fixed to said means, and wherein |

said foil is freestanding between each of said segments and is anchored to
said means on either side of said three curved segments.

2.  The transducer of claim 1, wherein said transducer is capable of transmitting
and receiving ultrasonic vibrations having a vibrational peak, in the frequency range
10kHz - 200kHz.

3. An ultrasonic piezoelectric transducer capable of transmitting and receiving
ultrasonic vibrations having a vibrational peak, in the frequency range of 10kHz -
200kHz, comprising a piezoelectric foil operatively associated with means supporting
and tensioning said foil wherein:

said foil is profiled and tensioned by said means to form three curved
segments wherein each curved segment has an opposite sign of curvature to an adjacent
curved segment and is not fixed to said means, and wherein

said foil is freestanding between each of said segments and is anchored to
said means on either side of said three curved segments. _

4, The transducer of any one of claims 1 to 3, wherein said means includes
support posts operatively associated with two of said three curved segments to support
said two segments, said two segments' being of the same sign of curvature.

5. The transducer of any one of claims 1 to 3, wherein said means includes a
support block on which said foil is mounted, said block having support posts operatively
associated with two of said three curved segments to support said two segments, said two
segments being of the same sign of curvature.

6.  The transducer of claim 4 or 5, wherein said support posts are wedge shaped.

7.  The transducer of claim 4, wherein said means supporting and tensioning said

 foil ‘includes a tensioning bar operatively associated with one of said curved segments to
tension said one of said curved segments, said one of said segments being of the opposite
sign of curvature to said two segments.

8.  The transducer of claim 7, wherein said piezoelectric foil is shaped in cross-
section as depicted in Fig. 9 of the accompanying drawings, where d, is the cross-
sectional diameter of said tensioning bar, points A and C are points of anchor of said
piezoelectric foil, x is the length of the profile of said piezoelectric foil between points A
and C via Point B, d; is the distance between points A and C, d3 is the distance between

N
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the tops of said two curved segments, hy is the height of the plezoelecmc foil to the top
of the left hand curved segiment of said two curved segments from a line joining points A
and. C, h, is the height of the piezoelectric foil to the top of the right hand curved
segment of said two curved segments from a line joining points A and C, hy; is the
height of the left hand curved segment of said two curved segments and h,, is the height
of the right hand curved segment of said two curved segments, and wherein:

1.5%d; < x <2.3%d;;
0.5%d; <h, <0.9%d;;
0.5%d; <y < 0.9%dy;
0.1*d; < hyy < 0.2%d;;
0.1%d; < hy, < 0.2%dy;

- 0.05%d; <dj < 0.2*dy; and
0.6*dy < d5 < 0.8*d;.

9. ° The transducer of claim 8, wherein:
d; = 10mm and x, h,, hy, hyy, hy,, dp, and d3 are within the ranges therefor
in claim 8. - _ T
10. 'The transducer of claim 8 wherein:

d; = 10mm;
x = 20mm;

h, = 7.5mm;
hl 7. Smm
h21 = 1.5mm,
h2r = I.Smm;
dy = 1.0mm; and
d3 = 6.9mm.

11. The transducer of any one of claims 1, 2 or 3, wherein said foil comprises a
‘poled polyvinylidene polymer or ‘a poled copolymer of vinylidene fluoride and
trifluoroethylene.

12. The transducer of any one of claims 1, 2 or 3, wherein said foil comprises a
poled polyvinylidene polymer foil. _

13. The transducer of any one of claims 1, 2 or 3, wherein said foil comprises a
poled polyvinylidene polymer foil which is 9um to 35pum thick.

14. The transducer of any one of claims 1, 2 or 3, wherein said foil comprises a
poled polyvinylidene polymer foil which is 25um thick.

15. The transducer of any one of claims 1, 2 or 3, wherein the width of said foil
is 1mm - 500mm. |

| RN R 0
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16 The transducer of any one of claims 1, 2 or 3, wl_i;réi;ﬁ?ﬁﬂéﬁ;;i&‘tﬁﬁ‘o sa *foil
is Sim - 20mm,
N 17. The transducer of any one of claims 1, 2 or 3, wherein the width of said foil
is 10mm. )
] "'18. The transducer of any one of claims 1, 2 or 3, wherein said transducer is
: éapzible of transmitting and receiving ultrasonic vibrations having a vibrational peak, in
the frequency range 80kHz - 120kHz.

19. The transducer of any one of claims 1, 2 or 3, wherein said transducer is
capable of transmitting and'receiving ultrasonic vibrations having a vibrational peak, in
‘the frequency range 15kHz - 60kHz.

20. The transducer of any one of claims 1, 2 or 3, wherein said transducer is
capable of transmitting and receiving ultrasonic vibrations having a vibrational peak, in

the frequency range 15kHz - 30kHz.

L
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ULTRASONIC TRANSDUCER
ABSTRACT

Ultrasonic piezoelectric transducer comprising a piezoelectric material (10) having a
proﬁle whereby the transducer transmits and/or receives ultrasonic vibrations in a dilational
(quasilongitudinal) mode. The profile is curved and includes a point of inflection. Possesses a
vibrational peak in the frequency range 10 kH, - 200 kH,. Construction is performed via

profiling and tensioning the piezoelectric material.

Fig. 1.



