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ABSTRACT OF THE DISCLOSURE 
A longitudinally elongated piezoelectrically responsive 

transducer encapsulated, except for the end faces thereof, 
by a layer of plastic material having a controlled shrink 
age. The axial ends of the layer are anchored either to 
the piezoelectric element directly or to metal end pieces. 

The present invention relates to a transducer for gen 
erating or receiving energy. More particularly, the inven 
tion concerns a prestressed piezoelectrically responsive 
transducer for converting between electrical and mechani 
cal forms of energy, and which may be adapted to be 
employed as a voltage generator, acoustic wave genera 
tor, or like device such as are commonly used for instance 
in sonar systems, accelerometers, impact fuses and piezo 
electric ignition systems. 
The general category of transducers herein under con 

sideration is known in the art and reference may be had 
to Us. Patents Nos. 2,930,912 to H. B. Miller, 3,110,825 
to H. B. Miller and 3,082,333 to Huilerd et a1. These 
patents are assigned to the same assignee as the instant 
application. 

In the prior art, as is illustrated in the aforementioned 
patents, transducers are prestressed by externally ar 
ranged mechanical devices, such as bolts, springs and 
tension screws. The di?iculty of maintaining equal exter 
nal pre~loading pressure upon the piezoelectric element 
over an extended period of time without affecting me 
chanical changes in the external equipment is well known. 
Alignment of the piezoelectric elements comprising the 
transducer is accomplished by forces which are exerted 
by externally arranged mechanical structures. The trans 
ducers, and more particularly the individual components 
thereof, are prefabricated and subsequently put together, 
resulting in a structure having no inherent support fea 
ture of the character herein under consideration. As a 
result, during the operation of the piezoelectric trans 
ducer, particularly as applied to high voltage generators, 
the position of the piezoelectric elements is caused to 
shift due to a lack of rigidity of the structural system. 
The consequent result is a drop in output and efficiency 
and in severe cases a fracture of the element. 

It is therefore the primary object of this invention to 
provide a monolithic transducer structure which is pre 
stressed to the desired degree without the use of exter 
nally arranged mechanical prestressing means. 

It is a further object of this invention to provide a 
piezoelectric transducer which is capable to maintain 
physical orientation of the main components thereof 
over a substantially long period of time for the protec 
tion of frangible materials against mechanical damage 
without additional external support or stiffening. 

It is a still further object of this invention to provide 
a piezoelectric transducer which is provided with environ 
mental protection against deleterious substances and to 
prevent piezoelectric crystal arc-over and unwanted 
arcing to external structures. 
An aspect of the present invention resides in the pro 

vision of a prestressed piezoelectric transducer for gen 
erating or receiving energy. The transducer includes a 
longitudinally elongated element which is piezoelec 
trically responsive in compression and a compression 
retainer associated with the element at each outer end 
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thereof. A relatively thick layer composed of plastic 
material having controlled shrinkage encapsulates the 
periphery of the element and the retainer, that is, all sur 
faces except the outer ends, and is effective to perma 
nently preload the element in the longitudinal direction 
between the location of each retainer. 
For a better understanding of the present invention, 

together with other and further objects thereof, reference 
is had to the following description taken in connection 
with the accompanying drawings, and its scope will be 
pointed out in the appended claims. 

In the drawing: 
FIGURE 1 is a longitudinal cross sectional view of a 

transducer in accordance with this invention; 
FIGURE 2 is a view similar to FIGURE 1 showing 

a modi?ed transducer comprising two piezoelectrically 
active elements; 
FIGURE 3 is a view 

trating an active and a 
and 

FIGURE 4 is a view 

also similar to FIGURE 1 illus 
piezoelectrically inactive element; 

similar to FIGURE 1 showing 
a still further modi?cation of this invention. 

The transducer in accordance with this invention is 
hereinafter generally described in terms of a voltage gen 
erator. The applicability of the invention to wave gen 
erators and the like and the equivalent terms therefor 
will be immediately apparent to those skilled in the art 
and the claims appended to this speci?cation shall be 
interpreted accordingly. 

Turning now to FIGURE 1, there is shown an elon 
gated element 10 formed of electromechanically sensi 
tive material of the piezoelectric type. Preferably, the 
element is composed of a polycrystalline ceramic mate 
rial such as barium titanate, lead titanate-zirconate or 
the like. 
The piezoelectric element 10 is polarized parallel to 

the longitudinal axis and is suitably electroded on the 
peripheral surfaces thereof to provide a piezoelectric 
response in the compression mode when the element is 
squeezed longitudinally. The ?eld of polarization is such 
that one end of the ceramic element is normally positive 
while the opposite end has normally a negative voltage 
potential. 

Axially aligned with the piezoelectric member 10 are 
a couple of compression retainer blocks, or end pieces, 12 
and 14, one thereof being disposed at each end of the 
elongated ceramic member 10. In the preferred embodi 
ment the end pieces 12 and 14 are fabricated of a suit 
able metallic material. 
The end pieces are provided with a circumferentially 

extending radial groove 16 for reasons which hereinafter 
will become more apparent. 
The ceramic element 10 is held together with the end 

pieces 12 and 14 by a sleevelike layer 18 composed of 
a thermoplastic material which encapsulates the periph 
ery of the piezoelectric ceramic and the compression re 
tainer end pieces 12 and 14. 

Preferably the thermoplastic material is composed of 
polypropylene although some other materials, or mixed 
systems, have shown some promise. Into the latter cate 
gory fall thermosetting plastics of the type which provide 
a suf?cient degree of shrinkage during the curing process. 
The polypropylene encapsulant, as used in the preferred 

embodiment of this invention, is molded onto the afore 
described element ultizing conventional molding methods. 
During the cooling process following the casting of the 
material, the encapsulant shrinks both longitudinally and 
circumferentially. In the device as depicted in FIGURE 
1, in view of the ratio of length to diameter, shrinkage 
in the longitudinal direction causes unit loading on the 
end pieces 12 and 14 in excess of the unit load exerted 
upon the periphery of the element. Selection of suitable 



3,360,665 
coating thickness and overall length and the shrinkage 
coe?icient of the plastic will establish the degree of com 
pression. The anchorage provided by the groove 16 of 
the end pieces 12 and 14 causes the sleeve to apply pres 
sure through the metal end pieces to the piezoelectric 
elements during and permanently after this shrinkage 
occurs. 
A conductive plastic material may be superimposed 

on the basic encapsulating sleeve to serve both as a radio 
frequency shield and to establish a low conductivity path 
between the end pieces 12 and 14 to completely surround 
the device with a radio frequency leak-proof coating. 
The heat required to cause the thermoplastic material 

to melt or the exothermic reaction involved in thermo 
setting plastic, may be used to cause direct adhesion of 
the encapsulating material to the piezoelectric element 
or, alternatively, may serve to assist in shrinking an 
intermediate layer of heat resistive material into intimate 
contact with the ceramic element. As noted above, this 
intimacy is accentuated by the controlled circumferential 
shrinking of the plastic encapsulant. The degree of shrink 
age obtainable by the materials herein under considera 
tion are well known in the art. For example, reference 
may be had to Machine Design, Plastics Book Issue, 
dated Sept. 20, 1962. The mold shrinkage for polypro 
pylene as indicated therein may be selected from the 
range of 0.010 to 0.025 inch per inch. A shrinkage of 
this magnitude, when used in conjunction with compres 
sion retainer end pieces 12 and 14, establishes a substan 
tial preload upon the ceramic element and the resulting 
device exhibits and maintains an excellent symmetry 
about the longitudinal axis. This improvement is also of 
signi?cant importance in devices such as shown in FIG 
URE 2 which utilize a plurality of elements. The ele 
ments are held together in intimate contact and can be 
caused to vibrate as a unit. 
More particularly with respect to FIGURE 2, it should 

be noted that the elements in this embodiment are ar 
ranged mechanically in series and electrically in parallel. 
A hardened conductive centerpiece 20 is interposed be 
tween elements 10 and serves as an electrode from which 
energy may be delivered to an external load. The center 
piece 20 is ground to a su?icient degree of ?atness to as 
sure intimate contact with the equally flat ceramic ele 
ments and to maintain over the Whole area suitable con 

tiguity therebetween. 
By virtue of a controlled shrinkage in the polypropyl 

ene material composing sleeve 18, the members 10, 12 
and 14 are preloaded longitudinally to the extent that 
intimate contact is again established between each of 
these components by the dimensional shrinkage in the 
longitudinal direction of the plastic material. The degree 
of contact and intimate relationship between the compo 
nents is manifested by the fact that the device as a whole 
will resonate at a frequency determined by the frequency 
constants of the ceramic materials and the loading pro 
vided by the intimately coupled end pieces. For example, 
assuming that the ceramic elements are composed of 
“PZT—4,” a trademark of Clevite Corporation, and have 
a cylindrical con?guration of about .6” in diameter, an 
overall resonance of the device is established in the 
vicinity of 23 kilocycles per second while the ceramic ele 
ments alone would resonate at 60 kilocycles per second. 
Thus, the sleeve 18 formed by molding under suitable 
conditions of temperature and pressure serves the dual 
function of affecting electrical and mechanical character 
istics. 
A further modi?cation of the invention is shown in 

FIGURE 3 wherein a single element 10 of polycrystalline 
ceramic is disposed end to end and longitudinally aligned 
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with a piezoelectrically inactive element 22 for generating 
acoustic waves in response to an electric signal applied 
to the active element 10, or to receive such acoustic wave 
energy and causing an electric signal to be generated. 
The element 22 is referred to as inactive inasmuch as 
this element is incapable of a piezoelectric response. In 
the preferred embodiment such inactive element 22 is 
composed of a suitable metal. 

In accordance with this invention both, the active ele 
ment 10 and the inactive element 22, are provided with 
compression retainer grooves 16 as hereinabove de 
scribed. 
The FIGURE 4 illustrates a further modi?cation of 

the invention and more particularly of the embodiment 
shown in FIGURE 2. In this modi?cation the separate 
end pieces 12 and 14 have been eliminated and the pro 
vision for anchoring the layer of plastic material is di 
rectly incorporated into each piezoelectric element 24 
and forms an integral part thereof. 
While there have been described what are at present 

considered to be the preferred embodiments of this in 
vention, it will be obvious to those skilled in the art 
that various changes and modi?cations may be made 
therein without departing from the invention, and it is 
aimed, therefore, in the appended claims to cover all 
such changes and modi?cations as fall within the true 
spirit and scope of the invention. 
What is claimed is: 
1. A unitary prestressed piezoelectric transducer for 

generating or receiving energy, comprising: piezoelec 
tric element means, and a layer of shrunk in situ plastic 
material symmetrically encapsulating said element means 
between the axial end faces and being anchored thereto 
to permanently place the element means under com 

pression. 
2. A prestressed piezoelectric transducer according to 

claim 1, and a metallic member at each axial end of 
said element means adapted to anchoringly receive the 
layer of plastic material. 

3. A prestressed piezoelectric transducer according to 
claim 1, wherein said layer of plastic material is directly 
anchored to the remote ends of the element means. 

4. A prestressed piezoelectric transducer according to 
claim 1, wherein said element means comprises a plu 
rality of members stacked end to end and at least one 
thereof is piezoelectrically responsive in the compression 
mode. 

5. A prestressed piezoelectric transducer according to 
claim 4, wherein one of said members is piezoelectricnlly 
inactive. 

6. A prestressed piezoelectric transducer according to 
claim 4 wherein at least two of said members are piezo 
electrically responsive and disposed mechanically in series 
and electrically in parallel; and an electrically conducting 
rigid member interposed between the piezoelectric ele 
ments. 

7. A prestressed piezoelectric transducer according to 
claim 1, wherein said material is composed of polypro 
pylene. 
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