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[57] ABSTRACT 
An electroacoustic transducer wherein the sensing ele 
ments comprise a radially polarized ceramic cylinder 
having annular rings attached to the ends of the ce 
ramic cylinder and a cylindrical insert, centered in 
said cylinder, is sealed by 0 rings between the insert 
and the annular rings. A pair of the ceramic cylinders 
are connected electrically to form an assembly. The 
assembly is mounted by rubber mounts in a frame 
which is surrounded by an expanded metal electro 
static shield. The whole assembly is enclosed within a 
castor oil ?lled butyl boot. The assembly has good 
sensitivity over a wide frequency range. 

5 Claims, 3 Drawing Figures 
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PIEZOELECTRIC TRANSDUCER HAVING GOOD 
SENSITIVITY OVER A WIDE RANGE OF 

TEMPERATURE AND PRESSURE 

BACKGROUND OF THE INVENTION 

This invention is directed to piezoelectric type trans 
ducers or hydrophones and more particularly to a 
transducer which is small, broadband, temperature 
and pressure-stable for use as an underwater sound ref 
erence standard or as a sound source in wide range ap 
plications where the acoustic characteristics must re 
main stable over long periods of time. 

Prior art devices which operate in the frequency 
range of interest, 10 HZ to 60 kHz, and at hydrostatic 
pressures from 0 to 3450 kPa had recurring response 
or sensitivity changes of as much as 4 dB with a temper 
ature change from 30° to 3°C. The response character 
istics indicate a sensitivity decrease of approximately 
0.5 dB per 690 kPa ( 100 psig) applied hydrostatic pres 
sure at frequencies below 60 kHz. These prior art trans 
ducers employ cellular pressure-release materials 
which has been determined to be the primary cause of 
the disadvantages described above. 

Until now the state of the art in piezoelectric materi 
als and transducer design dictated the use of the pres 
sure-release material to achieve the desired acoustical 
and electrical characteristics (response, sensitivity, 
bandwidth, impedance, and directivity). Arti?cial pi 
ezoelectric materials such as barium titanates, lead zir 
conates, etc. provide an excellent sensing material and 
have greatly advanced the studies in underwater re 
search, however, special consideration must be given to 
mounting and assembly techniques. 
Many techniques of assembling the piezoelectric sen 

sor have resulted in increased acoustical stability (with 
pressure and temperature changes) however the pres 
ent invention further advances the stability with good 
sensitivity over a much broader bandwith, as disclosed 
in the following summary. 

SUMMARY OF THE INVENTION 

The transducer of this invention may be used as a ref 
erence standard through a wide range of frequency; as 
a sound source over an also wide range of frequency. 
It is small, lightweight, broadband, temperature- and 
pressure-stable. The transducer elements comprise a 
radially polarized ceramic cylinder having, annular 
rings attached to the ends of the ceramic cylinder, a cy 
lindrical insert centered in said cylinder which is sealed 
by 0 rings between the insert and the annular rings. 
The resulting element when used in a transducer is 
more rugged with acoustical characteristics that are 
stable over an extended time period. 

OBJECTS OF THE INVENTION 

It is therefore an object of the present invention to 
provide a simple, small, lightweight, broadband, rug 
ged, temperature- and pressure-stable transducer suit 
able for use as a reference standard over extended time 
periods (over extended periods of continuous submer 
gence). 
Another object is to provide an improved sensing ele 

ment for use in transducers. 
Yet another object is to provide an electroacoustic 

transducer employing annular rings attached to a ce 
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2 
ramic element, an insert and mediums for sealing the 
rings to the insert. 
Other objects and advantages of the invention will 

become apparent by reference to the following descrip 
tion of the drawings and preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a sectional side view of the trans 
ducer crystal assembly. 
FIG. 2 illustrates a typical free-?eld voltage sensitiv 

ity of the transducer. 
FIG. 3 illustrates a typical transmitting voltage re 

sponse. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now referring to the drawings, FIG. 1, there is shown 
a crystal assembly for use as a transducer. While pri 
marily for use as an underwater sound receiver in the 
frequency range of 1 Hz to 70 kHz, the transducer can 
be used as a sound source in the range of 10 to 70 kHz. 
The transducer is omnidirectional within 1 dB to 70 
kHz in the plane (XY) normal to its longitudinal axis. 
The directivity in the vertical (XZ) plane is equivalent 
to that of a 4.0-cm line. 
Elements l0 and 12 are connected to form the sen 

sors of the transducer 14. Referring to element 10 
which is in section, each of the elements comprises a 
radially polarized piezoelectric ceramic cylinder 16 
[Type III ceramic, MIL-STD 1376 (SHIPS), 21 Dec. 
1970] with magnesium end rings 18 bonded to each 
end of the cylinder 16 by epoxy adhesive 20. A cylin 
drical insert 22 made of magnesium has annular 
grooves 24 cut therein to hold 0 ring seals 26. Insert 22 
may be made of other materials, but whatever materials 
are chosen, the insert must be made of a material which 
gives 22 a resonant frequency greater than the fre 
quency range of the ceramic cylinder 16, for proper re 
sponse and maximum sensitivity of the device. With the 
O ring seal 26 in place the cylindrical insert 22 is 
slipped into the ceramic cylinder 16 and the 0 rings 26 
seal against the end rings 18. The inner electrode wire 
28 is soldered to the inside of the wall of ceramic cylin 
der l6 and passes to the exterior through a small exit 
channel which is sealed with epoxy. Electrode wire 28 
is, then channeled into element 12 and again soldered 
to the inside of the ceramic cylinder and then chan 
neled out for connection to a connector (not de 
scribed). Outside electrode wire 30 is soldered to the 
outside of the ceramic cylinder and passes under a rub 
ber mount 32 to element 12 where it is again soldered 
to the outside. The wire 30 is then passed under mount 
32 to a connector (not described). An expanded metal 
shield 34 in the form of a cylinder serves as a mechani 
cal support for rubber mounts 32, an electrostatic 
shield and guard for the sensitive elements 10 and 12 
which are mounted in natural rubber mounts 32. 
The assembly described is then ?lled with castor oil 

36 and covered by butyl rubber boot 38. The castor oil 
serves as the acoustic medium between the boot 38 and 
the elements 10 and 12. 

' The elements approaches the stability of a capped 
cylinder without the use of end caps. The O-rings 26 
mechanically isolate the insert 22 from the ends of the 
ceramic cylinder 16 and eliminate the end-?exure reso 
nances that occur in a conventionally capped ceramic 
cylinder thus reducing the potential bandwidth of the 
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ceramic cylinder. A signi?cant feature is that the 0 
rings 26 seal on the end rings 18 and not on the inside 
wall of the ceramic cylinder 16. This isolates changes 
in the mechanical properties of the O-ring materials 
from the piezoelectric material. The elements l0, l2 
operate in a semicapped/semi end-exposed mode with 
the most desirable response characteristics of each 
basic mode. Thus the elements l0, 12 have the broad 
band response of an end-exposed cylinder without the 
need for cellular pressure-release material. 
The expanded metal shield 34 serves as both a me 

chanical mounting structure and an electrostatic shield. 
The expanded metal tube is a strong, rugged structure, 
offering maximum protection to the sensor elements 
l0, 12. The grid density of the shield 34 makes it an ef 
fective electrostatic shield, while the metal structure 
does not cause any acoustical interference within the 
operational frequency range of the transducer. 
Therefore, there has been disclosed a transducer ele 

ment with a free-field voltage sensitivity that is rela 
tively ?at', of broad bandwidth, and stable with temper 
atures from 3° to 30°C and with hydrostatic pressure 
from 0 to 6950 kPa. 
Obviously many modi?cations and variations of the 

present invention are possible in the light of the above 
teachings. It is therefore to be understood, that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally described. Var 
ious materials can be used for the ceramic cylinder 16, 
the end rings 18 and the insert but the characteristics 
will vary from those given. 
What is claimed and desired to be secured by letters 

patent of the United States is: 
1. An electroacoustic transducer which comprises: 
an elongated hollow cylindrical body comprising; 
an elongated hollow cylindrical piezoelectric element 

electrically responsive to incident pressure; 
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4 
a ?rst end ring being concentrically bonded to a ?rst 
end of said cylindrical piezoelectric element; 

a second end ring being concentrically bonded to a 
second end of said piezoelectric element; 

isolating means inserted within said elongated hollow 
cylindrical body for providing acoustical isolation 
to the inner wall of said cylindrical piezoelectric 
element; 

mounting means mounting said isolation means 
within said elongated hollow cylindrical body; 

said mounting means cooperating only radially and 
sealingly between said end rings and each end of 
said isolating means. 

2. The electroacoustic transducer described in claim ‘ 
1 wherein said piezoelectric element is radially polar 
ized. 

3. The electroacoustic transducer described in claim 
1 wherein said isolating means comprises: 
a solid cylinder of radius less than the inner radius of 

said cylindrical piezoelectric element and said end 
rings; 

said cylinder having a resonant frequency greater 
than the range of said cylindrical piezoelectric ele 
ment. 

4. The electroacoustic transducer described in claim 
3 wherein said mounting means are O-rings mounted 
on each end of said solid cylinder. 

5. The electroacoustic transducer described in claim 
4 wherein said cylindrical piezoelectric element is 
mounted in rubber bushings, surrounded by castor oil; 

said rubber bushings being supported by expanded 
cylindrical metal shield means for providing me 
chanical support to said elements and for providing 
an electrostatic shield. 
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