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3,165,730 
ANNULAR ELECTRGSTRICTIVE TRANSDUQER 

James R. Brown, Jr., Hathoro, and John 1). Wallace, Ore 
lantl, Pa., assignors to the United States of America as 
represented by the Secretary of the Navy 

Filed Sept. 29, 1959, Ser. No. 843,314 
16 Ciaims. (Cl. 340—10) 

(Granted under Title 35, US. Code (1952), sec. 266) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 
The present invention relates to an electromechanical 

transducer and more particularly to an electromechanical 
transducer embodying an annulus of a ceramic material. 
While not restricted thereto, the invention is particularly 
useful when embodied in a hydrophone for use in an un 
derwater acoustical apparatus. 

Certain ceramic materials such as barium titanate ex 
hibit piezoelectric properties if prepolarized by the ap 
plication thereto of a high intensity unidirectional electro 
static ?eld. Piezoelectric activity occurs largely in a di 
rection parallel to the direction of polarization. 

Unlike single crystal piezoelectric substances such as 
Rochelle salt and quartz, barium titanate or like ceramic 
materials, being polycrystalline, may be easily formed into 
a wide variety of sizes and shapes. The ceramic material 
may ?rst be formed as desired and then exposed to a po 
larizing ?eld to thereby impart to the structure the desired 
piezoelectric properties. 

While barium titanate has been mentioned speci?cally 
it is to be understood that, the invention is not restricted 
thereto. Other ceramic materials having similar proper 
ties are known to the art. Some of these materials are 
described in Wainer Patents 2,402,515, 2,402,516 and 

Hereinafter, these materials will be simply 
termed ceramic. 
Fora more extended discussion of the electromechani 

cal properties of ceramic materials reference may be made, 
for example, to an article entitled “Titanate Ceramics for 
Electromechanical Purposes,” by Hans Jaife, which ap 
pears in Industrial and Engineering Chemistr‘, Vol. 42, 
No. 2 (February 1950), at pages 264 through 268. 

In underwater acoustical applications where the trans 
ducers are subject to large hydrostatic forces it has hereto 
fore been di?‘icult to construct a ceramic transducer which 
ideally combines desired electrical and physical prop— 
erties. Hydrophones, or the like, usually employ ceramic 
transducers in either disc or tubular form. Thin ceramic 
discs and thin walled ceramic tubes provide optimum elec 
trical characteristics but are fragile and easily subject to 
fracture by hydrostatic forces. 
The present invention overcomes this di?iculty by pro 

viding a transducer structure embodying a ceramic annu 
lus adhered to a diaphragm at points of maximum strain 
and minimum stress. Embodiments of the invention pro 
vide transducers which are considerably more sensitive 
and which exhibit better frequency response than similar 
transducers known in the art, one of which is described 
herein. The invention therefore may also be employed 
with advantage in application where physical strength is 
not of primary concern. 

Accordingly it is a general object of the invention to 
provide an improved electromechanical transducer. 

It is a further and more speci?c object of the present 
invention to provide a ceramic electromechanical trans 
ducer exhibiting optimum electrical and physical char 
acteristics. ‘ ‘ - 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated as the same be 
comes better understood by reference to the following 

10 

15 

20 

25 

40 

45 

50 

55 

2 
detailed description when considered in connection with 
the accompanying drawings wherein: 
FIG. 1 is a simpli?ed view in cross section of an illustra 

tive prior art ceramic transducer. 
FIG. 2 is a cross sectioned view of an illustrative em 

bodiment of the invention. 
FIG. 3 is a cross sectioned view of the diaphragm and 

ceramic annulus portion of the embodiment of FIG. 2 
illustrating certain principles of the present invention. 
FIG. 4 shows a segmented annulus which'may be used 

in embodiments of the invention. 
FIG. 5 illustrates still another embodiment of the in 

vention wherein there is provided a structure for concen~ 
trating stress upon the diaphragm. 

Referring now to FIG. 1, which illustrates a typical 
prior art transducer, there is‘ shown a pair of ceramic 
discs 11, 12 bonded together by a conductive layer, which 
may comprise, for example, an epoxy resin impregnated 
with silver. Conductors 17, 18 of a coaxial lead 1? are 
soldered or otherwise electrically connected to the ex 
posed surfaces of discs 11, 12 which may be silvered as 
indicated by reference numerals 14, 16. The structure 
thus far described is affixed to a rigid cup shaped member 
21 by a ?exible sleeve 22. 

Prior to assembly, discs 11, 12 are prepolarized by 
being exposed to a high intensity unidirectional electro 
static ?eld applied in a direction normal to the plane sur~ 
faces of the discs. Care must be taken during assembly 
to insure that discs 11, 12 are prepolarized in the same 
direction. The device would otherwise be inoperative. 

‘Discs 11, 12 vibrate in the manner of a diaphragm in re 
sponse to a compressional wave impinging thereon. Vibra 
tion of the discs causes a change in the dimensions there 
of in the direction of prepolarization thus generating an 
E.M.F., applied to conductors 17, 18, that varies in am 
plitude and frequency in accordance with the amplitude 
and frequency of the impinging compressional wave. 
Hydrophones constructed in the manner described above 

are not usable at extreme depths since hydrostatic forces 
acting thereon fracture the ceramic discs rendering the 
device inoperative. 
The fracture resistance of the transducer may be aug 

mented by increasing the thickness of the ceramic discs. 
The attendant degradation of the electrical characteristics 
of the transducer, however, is unacceptable. 
A partial solution to the problem has been accomplished 

by ?lling the cavity formed by the ceramic discs and the 
cup shaped member with a semi-elastic material such as 
silicon putty. Unfortunately, this expedient impairs the 
frequency response to the transducer and diminishes the 
sensitivity thereof because of the damping effect exercised 
by the semi-elastic material. 

Referring now to FIG. 2, which illustrates a preferred 
embodiment of the invention there is shown a prepolarized 
annulus 23 of ceramic material, the plane surfaces of 
which may be silvered. One surface is indicated by the 
reference numeral 24. For clarity of illustration, the 
axial dimension of annulus 23 has been greatly exag 
gerated. A metallic conductive diaphragm member 27 is 
bonded to annulus 23 and to a metallic conductive cup 
shaped member 26 by a conductive layer 28 which may, 
as in prior art devices, comprise an epoxy resin impreg 
nated with silver. Conductors 17', 18’ of a coaxial lead 
19' may be soldered or otherwise electrically connected to 
member 26 and silvered surface 24 of annulus 23, re 
spectively. - 

The mode operation of the invention may be better 
understood by reference to FIG. 3 which illustrates the 
diaphragm and ceramic annulus portions of FIG. 2 in op 
erative condition where the ?exure of the members has 
been exaggerted, again for clarity of illustration. As will 
be more fully discussed below, annulus 24 is located on 
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diaphragm 27 at the points of minimum stress and maxi 
mum strain occurring therein. 

It may be assumed that hydrostatic forces and imping 
ing compressional waves act uniformly over the surface 
of diaphragm 27. These forces are represented in FIG. 
3 by an arrow 29. Since diaphragm 27 is bonded to 
member 26, any diametrical segment thereof may be re— 
garded' as a uniformly loaded beam clamped at both ends. 
The equivalent clamping points are indicated in FIG. 3 
byarrows 31, 32. , 
By reference to the portion of any standard Mechanical 

Engineer’s Handbook wherein beams of the character de 
scribed above are discussed, it may be shown that the 
points of minimum stress and maximum strain occur in 
diaphragm 27 at approximately 0.22L and 0.78L where L , 
is the free length of any diametrical segment of the dia 
phragm. 
By reference to FIG. 3, it will be seen the axis of an 

nulus 23, represented by the origins of arrows 33, 34, is 
located with respect to the diaphragm 27 at the points 
of minimum stress and maximum strain. Accordingly, 
upon application of a compressional wave to diaphragm 
27, annulus 23 will deform in‘the manner indicated in 
FIG. 3 by oppositely directed arrows 33, 34, decreasing 
the axial dimension of the annulus. An E.M.F., having 
characteristics determined by the character of the com 
pressional wave, will consequently be generated and ap 
plied to conductors 17 ’, 18'. t 
The transducer structure described is not only fracture 

resistant to a high degree but also, in comparison to prior 
art transducers, has excellent sensitivity, frequency re 
spouse, and impedance characteristics. 
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Since, in a transducer constructed in accordance with the ~ 
principles of the invention, it is not necessary for the 
ceramic element to be’unitary, annulus 23 may be seg- ' 
mented, as indicated by the reference numeral 35 in FIG. 
4. In this form of the invention, the epoxy resin bonding 
material is not silver impregnated and is therefore not con 
ductive. Segments 35 may be electrically connected in 
series by conductive elements 38 to conductors 17', 18' to 
thereby greatly increase the output signal level of the 
transducer. 

It has been determined that the sensitivity and fre 
quency response of a transducer constructed in accord 
ance with the present invention may be augmented if the 
forces applied thereto are concentrated at the center of 
the diaphragm instead of being ‘distributed over the sur 
face thereof. An embodiment of the invention is illus 
trated in FIG. 5 wherein there is provided a force con 
centrating member 36 having the apex of a cone shaped 
portion 36’ thereof bearing upon the center of diaphragm 
2‘7 and resiliently mounted by a ?exible member such as 
a bellows 37. 

Obviously many modi?cations and variations of the 
present invention are possible'in'light of the above teach 
ings. It is therefore to be understood that within the 
scope of the appended claims the invention may be prac 
ticed otherwise than as specifically described. 
What is claimed is: 
1. An electromechanical transducer comprising: a cir 

cular diaphragm; means bonded to and supporting said 
diaphragm at the periphery thereof; an electrostrictive 
prepolarized ceramic annulus; means bonding said annu 
lus to said diaphragm wherein the annular axis is located 
at the portions of said diaphragm displaced from the pe 
riphery thereof a distance equal to 0.22L, where L is the 
free length of any diametrical segment of said diaphragm, 
and means electrically connecting a pair of' conductors to 
said annulus. _ . _ ' 

2. The combination of claim 1 wherein said annulus is 
segmented, and wherein there is provided means to electri 
cally interconnect said segments. , Y 
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3. The combination of claim 1 wherein there is pro 

vided a cone shaped member, means resiliently mounting 
said member adjacent said diaphragm with the apex of 
said member in contact with the center of said diaphragm. 

4. The combination of claim 4 wherein said annulus is 
segmented, and wherein there is provided means to elec 
trically interconnect said segments. 

5. The combination of claim 1 wherein said means to 
peripherally support said diaphragm comprises a rigid cup 
shaped member with the lip portions thereof bonded to 
said diaphragm. ' 

6. The combination of claim 5 wherein said annulus 
is segmented and wherein there is provided means to elec 
trically interconnect said segments. . 

7. The combination of claim 5 wherein there is provided 
a cone shaped member, means resiliently mounting said 
member adjacent said diaphragm with the apex, of said 
member in contact with the center'of said diaphragm. 

8. The combination of claim 7 wherein said annulus is 
segmented and wherein there is provided means to elec 
trically interconnect said segments. ' 

9. Anelectromechanical transducer comprising: a dia 
phragm; means to support said diaphragm at the periph 
ery thereof; said diaphragm having surface portions there 
of located at points of minimum stress and maximum 
strain when a force is applied to the surfaceof said dia 
phragm; an electrostrictive, prepolarized ceramic annulus; 
means bonding said annulus to a surface of said diaphragm 
with the annular axis of said annulus located at said points 
of minimum stress and maximum strain; and means elec 
trically connecting a pair of conductors to said annulus. 

10. The combination of claim 9 wherein said annulus 
is segmented and wherein there is provided means to elec 
trically interconnect said segments. 

11. The combination of claim 9 .wherein there is pro 
vided a cone shaped member, means resiliently mounting 
said member adjacent said diaphragm with the apex of 
said member in contact with the center of said diaphragm. 

12. The combination of claim 11 wherein said annulus 
is segmented, and wherein there is provided means to elec 
trically interconnect said . segments. 

13. The combination of claim 9 wherein said means to 
peripherally support said diaphragm comprises a rigid cup 
shaped member with the lip portions thereof af?xed to said 
diaphragm. - V 

14. The combination of claim 13 wherein said annulus 
is segmented and wherein there is provided means to elec 
trically interconnect said segments. 7 

15. The combination of claim 13 wherein there is pro 
vided a cone shaped member, means resiliently mounting 
said member adjacent said diaphragm with the apex of 
said member in contact with the center of said diaphragm. 

16. The combination of claim 15 wherein said annulus 
is segmented and wherein there is provided means to elec 
trically interconnect said segments. 
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