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(64) Transducer horns

(567) An electrical-acoustical ultrasonic
transducer horn arrangement for
operating in a transmit or receive mode
at a predetermined frequency(f;) is
described. The transducer horn
arrangement includes a horn 12 and an
acoustical coupling means 14
positioned within the horn for coupling
acoustical energy between the horn and
a limited area of a vibratory surface 18
of the transducer.
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SPECIFICATION
Transducer homs

This invention relates to electrical-acoustical
transducers. The invention relates more particularly
to an improved means for providing coupling bet-
ween the transducer and the atmosphere.

Electrical-acoustical transducers are known which
can alternatively be utilized to convert electrical
energy to acoustical energy when electrically excited
or to convert acoustical energy to electrical energy
when acoustically excited. One such form of trans-
ducer comprises a piezoelectric crystal and a vibrat-
ory surface or diaphragm which is mechanically
coupled to the crystal for movement therewith. In an
electrical-to-acoustical mode of operation, an excit-
ing electrical input signal (E;) is applied to terminals
of the transducer; the crystal is stressed at the fre-
quency (f;) of the input signal; and the vibratory sur-
face is caused to vibrate with the stressed crystal at
the frequency (f.). In an acoustical-to-electrical mode
of operation, acoustical energy which is incident
upon the vibratory surface causes the surface to vib-
rate at an exciting acoustical frequency (f); the
crystal is mechanically stressed as a result of the
mechanical coupling to the vibratory surface; and,
an electrical output signal (E,) of frequency (f,) is
generated at the terminals of the transducer.

This form of dual operating transducer is useful in
various applications where, for example, it is desir-
able to project ultrasonic acoustical energy and to
sense reflections of the same. In these applications,
which generally occur at a single frequency or ata
sharply limited band of frequencies, a directional
characteristic can be imparted to the transducer and
the efficiency of coupling the transducer to the
atmosphere can be enhanced through the use of an
acoustical horn. One such arrangement utilizes a
conically-shaped horn in conjunction with the trans-
ducer to project a relatively narrow beam of
ultrasonic energy and to sense reflections of the
same.

The above described transducer includes a vibrat-
ory surface having a finite area of predetermined
configuration which is preferably symmetrical and
circuiar. It has been found that electrical excitation of
the transducer causes acoustical air pressures to be
produced over a relatively limited central area of the
vibratory surface which are greater than the pres-
sures produced at segments of the vibratory surface
distant from the central segment. Similarly, a con-
centration of exciting acoustical energy near this
area produces an electrical output signal of relatively
larger amplitude than is provided when the same
acoustical energy is dispersed over the entire vibrat-
ory surface. This characteristic has an important
effect in determining both the efficiency and sensitiv-
ity of the transducer.

It would be advantageous with respect to the effi-
ciency of projection and with respect to the sensitiv-
ity of reception to provide an acoustical coupling
means which couples the transducer to the atmos-
phere and which also compensates for the
aforementioned characteristics of the vibratory sur-
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face.

Briefly, the invention in its more general aspect
comprises an electrical-acoustical ultrasonic trans-
ducer having a vibratory surface, a horn for coupling
the transducer and atmosphere, and acoustical cou-
pling means, positioned within the horn for coupling
acoustical energy between the horn and a limited
area of the vibratory surface.

In accordance with more particular features of the
invention, the acoustical coupling means comprises
a reflective means positioned in the horn body and
having a focal point located generally at the limited
surface area of the vibratory surface. The reflective
means is spaced apart from the vibratory surface by
a distance A./4, or multiple thereof, where A is the
wavelength at the frequency (f.) of excitation of the
vibratory surface. In a preferred embodiment, the
horn comprises an elongated frusto-conically
shaped body having a first aperture thereof
positioned adjacent to the vibratory surface. The
reflective means comprises a curved, reflective body
which is concave with respect to the vibratory sur-
face, and which is concentrically located with respect
to an axis of the horn. A means is provided for sup-
porting the reflective body within the horn and
enabling acoustical energy to propagate in an area
between the horn and the body.

Figure 1is a front elevational view of a transducer
constructed in accordance with the features of one
embodiment of the invention;

Figure 2 is a sectional view taken along lines 2-2 of
Figure 1;

Figure 3 is an enlarged perspective view of a
reflective body utilized with the transducer-horn
arrangement of Figure 1;

Figure 4 is a view taken along line 4-4 of Figure 2;

Figure 5 is a view taken along the line 5-5 of Figure
2; and

Figure 6 is a diagramatic view of the transducer
and horn of the invention which is useful in explain-
ing the operation of the apparatus.

Referring now to the drawing and particularly to
Figures 1 and 2, a transducer-horn arrangement is
shown to comprise a transducer body 70, a horn
body 72 and an acoustical coupling reflective means
positioned within the horn body 72 for coupling the
transducer to the horn and referred to generally by
reference 74. The transducer body 70 includes a
transducer housing 16 and a planar vibratory surface
or diaphragm 18. For clarity in the drawing, the sec-
tional view of Figure 2 is taken through a section of
the horn body 72 and the reflective means 74 but is
not taken through a section of the transducer hous-
ing 16. An electrical signal (E;) is derived from a cir-
cuit means 19 and is applied between terminals 20
and 22 of the transducer for electrically exciting the
transducer. Alternatively, a voltage (E,) is generated
between these terminals when the transducer is
acoustically excited by acoustical energy impinging
on the vibratory surface 18. The output signal (E,) is
applied to the circuit means 19 for amplification and
signal processing. The circuit means 19 comprises
any suitable transducer driver adapted to drive and
excite the transducer at a frequency (f.), or in the
alternative case, to amplify the signal (E,) generated
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by the transducer. An exemplary circuit arrangement
is atotem pole driver excited by an oscillator aperat-
ing at the frequency (f,). One such circuit means
which is incorporated herein by reference is dis-
closed in my co-pending application entitled
Improved Detection Method and Apparatus, (Docket
6D-5173) and which is filed concurrently herewith.
Although the same transducer-horn arrangement
can be utilized both for transmitting and receiving, it
is preferable that a separate transducer-horn be util-
ized for transmitting and separate transducer-horn
be utilized for receiving.

The horn body 72 which is formed, for example, of
a polymer plastic, includes an integrally formed
cylindrically shaped transducer support segment 24
in which the transducer housing 16 is positioned and
supported. Housing segment 16 and support seg-
ment 24 are dimensioned to provide a snug fit for
retaining the transducer in this segment. Alterna-
tively, the transducer can be retained by an adhe-
sive. Integrally formed with the segment 24 of the
horn body 72 is an elongated, frusto-conically
shaped acoustical horn segment 26 having a first
aperture 28 adjacent to the vibratory surface 18 and
a second aperature 30 located at an opposite end of
the segment 26. The vibratory surface is preferably
symmetrical and circular shaped as shown and the
second aperture 28 is substantially coextensive in
area with this surface. Horn body 72 restricts
divergence of acoustical energy and causes it to be
propagated in a relatively narrow beam. The
transducer-horn thus exhibits a directional charac-
teristic upon transmitting and a directional charac-
teristic upon receiving.

The transducer 70 comprises a piezoelectric trans-
ducer wherein a piezoelectric crystal (not illustrated)
is mechanically coupled by means within the hous-
ing 16 to the vibratory surface 18. Upon application
of an input signal (E;) to the terminals 20 and 22, the
electrical excitation will cause mechanical stressing
of the crystal at the frequency (f;) thereby causing

the surface 18 to vibrate at the same frequency. Simi-
larly, acoustical energy which propagates from the
atmosphere, through the aperture 30 of the horn,
and which is incident upon the surface 18.causes this
surface to vibrate at the frequency of the incident
acoustical energy. The piezoelectric crystal is
thereby mechanically stressed causing an electrical
signal (E,) at the frequency of the incident acoustical
energy to be generated at the terminals 20 and 22.
This form of transducer is useful for applications ata
single frequency (f;) or over a narrow band of fre-
quencies in the relatively low ultrasonic range. A
particular ultrasonic frequency at which the trans-
ducer horn arrangement has been operated is 24 kh.
The narrow band of frequencies can extend for
about 50 to about 150 hertz.

The piezoelectric transducer is characterized by
the generation of relatively high acoustical pressures
over a limited, centrally located segment 32 of the
surface 18. A relatively larger segment 34 of the sur-
face 18 which is radially spaced from the segment 32

exhibits relatively lower pressure waves under the
same electrical excitation. Because of this charac-

65 teristic, acoustical energy which is incident and con-
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centrated on the segment 32 will cause an output
signal (E,) relatively larger than an output signal
when the same quantity of acoustical energy is dis-
tributed over the segments 32 and 34.

The acoustical coupling means 74 is positioned
within the horn 72 for coupling acoustical energy
between the horn segment 26 and the vibratory sur-
face segment 32. The acoustical coupling means
comprises a reflective means having a focal point
which is located at a nodal point at the surface seg-
ment 32. The reflective means, in one embodiment,
comprises a reflective body 36 having a concave
reflective surface 38. A support means for the reflec-
tive body 36 includes a plurality of integrally formed
support legs 40, 42 and 44 which extend both in the
direction of a longitudinal axis 45 of the hornandin a
transverse direction. Distal tab segments 46, 48 and
50 of the support legs 40, 42 and 44 respectively,
extend through and engage slots 52, 54 and 56,
respectively, which are formed in the horn body
segment 26. The support legs 40, 42 and 44 also
include integrally formed flat segments 58, 60 and 62
which abut against an internally located and integr-
ally formed ridge 64 of the horn body 72. An adhe-
sive, such as an epoxy resin secures the reflective
body in place in the slots 52, 54 and 56. The tab
segments 46, 48 and 50 and the flat segments 58, 60
and 62 locate the reflective body 36 concentrically
with respect to the longitudinal axis 45 of the frusto-
conical horn body segment 26. The leg segments
also space the body 36 a distance (D) (Fig. 6), from
the vibratory surface 18 where (D) is substantially
equal to A./4 and where A is the wavelength at the
frequency of the exciting electrical signal (E;) or the
exciting acoustical energy. Since the cross sectional
area of the body 36 is less than the cross sectional
area of the conical section at the location (D), the
concentric positioning of the body 36 provides a
concentric ring of space, represented by reference
numeral 66 (Fig. 4) between the body 36 and an inner
surface 67 of the horn body segment 26. Acoustical
energy propagates through this space 66 about the
body 36 in passing between the aperture 30 and the
vibratory surface 18.

The operation of the reflective means 74 in a
receiving mode is illustrated in the diagram of Figure
6. Reflected acoustical energy, represented by the
rays 70 and 72 projects through the aperture 30 into
the horn segment 26, through the circular ring of
space 66 and impinges upon the vibratory surface
18. Acoustical energy is reflected fram the surface
area segment 34 toward the body 36 from which itis
re-reflected toward the limited area segment 32 of
the vibratory surface 18. Through this arrangement,
energy which would otherwise impinge upon the
segment 34 of the vibratory surface is concentrated
atthe area 32 and the output voltage (E,) resulting
therefrom is substantially enhanced. In a similar
manner, the relatively high pressure acoustical
waves generated at the segment 32 upon electrical
excitation of the transducer 10 is projected toward
the body 36, reflected toward the distal segment 34
of the vibratory surface 18 and rereflected and pro-
jected through the horn and the second aperture 30
into the atmosphere. By this arrangement,
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divergence of the projected waves is reduced
thereby enhancing the projection of a narrow beam
of acoustical energy. The reflective means 74
thereby provides enhanced acoustical coupling bet-
ween the vibratory surface of the transducer and the
horn 26.

The spacing of the body 36 and its orientation
within the horn can be varied in order to accommo-
date the particular needs of the application. In gen-
eral, the body 36 should be spaced one-quarter
wavelength, or multiple thereof, from a nodal point
at the vibratory surface 18. Variations from this
desired spacing can result in a substantial decrease
in efficiency. The cross sectional area of the body 36
at the A./4 location and the cross sectional area of the
conical segment 26 at the A /4 location are selected
to both provide a concentric circular ring of space 66
which enables propagation of acoustical energy
through the horn segment 26 to the surface 18, and,
to provide a reflective surface 38 having an area
which is adapted to reflect substantial portions of
energy projected and reflected from the surface 18.
These parameters can be varied to accomplish the
desired needs.

The aforementioned transducer-horn arrange-
ment is useful in various applications wherein
ultrasonic acoustical energy is projected and
reflected at a single frequency (f;) or over a relatively
narrow band (Af) of frequencies. In a particular
application, the transducer-horn arrangement has
been used with an ultrasonic intrusion detection and
alarm system as described in the aforementioned
co-pending U.S. Patent application.

In a particular transducer-horn arrangement,
which is not deemed limiting of the invention in any
respect, the cross sectional area of the vibratory sur-
face 18 had an area of about .785 in.2 (5.06 cm?); the
body 36 was spaced from the surface 18 by a dis-
tance of about 1/8 in. (3.175 mm) and had a diameter
at this location of 5/8 in. (15.875 mm) and a depth of
spherical radius of 1/8 in. (3.175 mm} to provide a
cross sectional area of about .245 in.?; (1.58 cm?) the
circular section of the horn segment 26 at this loca-
tion had a diameter of about 1-1/4 in. (31.75 mm) and
a cross sectional area of about 1.22 in.? (7.87 cm?) the
second aperture 30 had a diameter of about 2-1/4 in.
(57.15 mm) and a cross sectional area of about 4.42
in.?2(28.51 cm?) the length of the segment 26 along a
longitudinal axis was 2-3/4 in. (69.85 mm) and, the
first aperture 28 had a diameter of 1 in. (25.4 mm)
and a cross sectional area of .785 in.? (5.06 cm?).
These parameters were provided for an ultrasonic
transducer operating at a frequency of 24 Khz using
a piezoelectric ultrasonic transducer commercially
available and sold under the trade name MASSA. It
was found that the reflective means 74 increased the
effective signal strength of a received signal (E,) by a
factor of up to as much as about ten when compared
with the same transducer and horn arrangement
operated without the reflective means 74, and, has
reduced the divergence of the propagated wave in a
transmitting mode by as much as 15°.

There has thus been described an improved form
of electrical-acoustical transducer having a means to
couple acoustical energy between the horn and a
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limited area of a planar vibratory surface which
enhances the sensitivity of the apparatus during a
receive mode of operation under acoustical excita-
tion, and, which reduces the divergence of a trans-
mitted wave during a transit mode of operation
under electrical excitation.

CLAIMS

1. Animproved electrical-acoustical transducer
and horn arrangement comprising:

a. an electrical-acoustical transducer having a

vibratory surface thereof;

b. said transducer adapted to vibrate said sur-
face at an ultrasonic frequency (f;) responsive
to an electrical signal applied thereto and to
generate an electrical signal at a frequency
(f,) responsive to acoustical energy incident
on said surface;

c. an elongated conically shaped horn body
having a first aperture thereof;

d. means positioning said vibratory surface adj-
acent said first aperture; and

e. acoustical coupling means positioned within
the horn body for coupling acoustical energy
between the horn and a limited area of the
vibratory surface.

2. Thetransducer and horn arrangement of claim

1 wherein said acoustical coupling means comprises
a reflective means having a focal point at said limited
area of said vibratory surface and said reflective
means is spaced apart from said vibratory surface by
a distance of (\./4) where ). is the wavelength of
acoustical energy at the frequency (f.).

3. Thetransducer and horn arrangement of claim
2 wherein said vibratory surface is planar.

4. Thetransducer and horn arrangement of claim

3 wherein said transducer exhibits a characteristic
whereby electrical/acoustical transduction is accom-
plished relatively more efficiently over a limited
segment of area of said vibratory surface than over
other areas of said surface and said focal point of
said reflective means is located at said limited seg-
ment.

5. Thetransducer and horn arrangement of claim
4 wherein said transducer comprises a piezoelectric
transducer.

6. Thetransducer and horn arrangement of claim
4 wherein said reflective means comprises a reflec-
tive body and means for supporting said reflective
body in said horn.

7. The transducer and horn arrangement of claim
6 wherein said horn body includes a frusto-conically
shaped segment.

8. Thetransducer and horn arrangement of claim
7 wherein said reflective body includes a concave
surface positioned for reflecting acoustical energy
projected or reflected from said vibratory surface
toward said vibratory surface.

9. Thetransducer and horn arrangement of claim
8 wherein said concave surface comprises a seg-
ment of a hollow sphere.

10. The transducer and horn arrangement of
claim 8 wherein said frusto-conically shaped seg-
ment has a plurality of slots spaced about said seg-
ment and said reflective body support means
includes a plurality of support legs extending from
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said reflective body and engaging said slots.

11. Thetransducer and horn arrangement of
claim 10 wherein said legs are integrally formed with
said reflective body.

12. The transducer and horn arrangement of
claim 10 wherein said horn body includes a surface
thereof and said support legs include segments for
engaging said surface for spacing said reflective
body a predetermined distance from said vibratory
surface.

13. The transducer and horn arrangement of
claim 6 wherein said horn body has a longitudinal
axis, said vibratory surface is circular, said limited
area of said vibratory surface is centrally located and
said vibratory surface and said reflective body is
concentrically located with respect to said axis.

14. The transducer and horn arrangement of
claim 1 wherein said horn body comprises an integr-
ally formed frusto-conically shaped segment having
a first aperture thereof and an integrally formed
support segment for supporting said transducer and
positioning said vibratory surface adjacent said
aperture.

15. Animproved horn for use with an ultrasonic
electrical acoustical transducer comprising:

a. an elongated frusto-conically shaped horn
body having first and second apertures
thereof;

b. mounting means for positioning a planar,
vibratory surface of an ultrasonic electrical-
acoustical transducer adjacent to said first
aperture of said horn body;

c. said horn body having means for positioning
and mounting an acoustical energy reflective
body within said horn body. )

16. The improved horn of claim 15 wherein said
mounting means comprises an integrally formed
segment of said horn configured for receiving and
supporting said transducer.

17. The horn arrangment of claim 16 wherein
said transducer mounting segment of said horn is
cylindrically shaped.

18. The horn of claim 17 wherein said means for
positioning and supporting a reflective means
includes a plurality of slots formed in said horn body
and an integrally formed surface for spacing said
reflective means from said first aperture.

19. The horn body of claim 18 including a reflec-
tive means comprising a body having a curved
reflective surface thereof and means integrally
formed with said body for engaging said slots.

20. The horn of claim 19 wherein said integrally
formed mounting means includes segments for
engaging said horn surface.

21. Atransducer according to Claim 1 and sub-
stantially as herein described with reference to the
accompanying drawings.

22. Ahorn according to Claim 15 and substan-
tially as herein described with reference to the
accompanying drawings.
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