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[57] ABSTRACT 

A coaxial cable whose dielectric consists of ceramic 
piezo-electric material. When a cable of this kind is 
loaded mechanically on an arbitrary point or over a 
given distance, a voltage can be measured at the ends 
between the central conductor and the envelope. The 
cable may alternatively be used for generating vibra 
t1ons. 

1 Claim, 2 Drawing Figures 
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1 
METHOD OF MANUFACTURING A 

PIEZOELECTRTC ELEMENT 
This is a division of application Ser. No. 184,695, 

?led Sept. 29, 1971, now abandoned. 
The invention relates to a piezo-electric element 

which may be used, for example, for detecting and 
measuring pressure variations, vibration phenomena, 
generating ultrasonic vibrations and the like. The in 
vention also relates to a method of manufacturing such 
an element. 
An object of the present invention is to provide an 

element which has a wider ?eld of application than the 
known piezo-electric elements. 
According to the invention a piezo-electric element 

satisfying this object is characterized in that it consists 
of at least one electrical conductor located within an 
envelope of electrically conducting material, the space 
between the conductor and the envelope comprising a 
ceramic piezo-electric material which is radially polar 
ized. 

In its simplest form the piezo-electric element ac 
cording to the invention consists of one central conduc 
tor the axis of which coincides with the axis of a cylin 
drical envelope. Such an element in the fonn ofa coax 
ial cable may have an arbitrary length. The commer 
cially available ceramic piezo-electric materials may be 
used such as, for example, barium titanate doped with 
lead (for example comprising 5 percent by use of lead 
titanate) or mixtures of lead titanate and lead zirconate 
in the form of solid solutions, the so-called lead tita 
nate-zirconate in a modi?ed or non-modi?ed form. 
These materials generally have a negative tempera 

ture coefficient of the resistance. It is obvious that this 
is to be taken into account when polarizing at the tem 
perature in the vicinity of the Curie point as will be de 
scribed hereinafter. A voltage difference between the 
central conductor and the envelope can be measured 
at the ends of a cable piece when the cable is mechani~ 
cally loaded on an arbitrary point. 
United States Patent speci?cation No. 3,339,164 de~ 

scribes temperature sensitive elements which have the 
same structure as the elements according to the inven 
tion and in which the space between the envelope and 
the central conductor is ?lled up with a material having 
a negative temperature coef?cient. Among the materi' 
als mentioned in this patent speci?cation there are also 
materials having piezo-electrical properties. Theele 
ments according to the United States Patent speci?ca 
tion No.l3,339,l64 are, however, not polarized radially 
or in any other manner so that these elements do not 
have any piezo-electric properties. Neither can it be 
concluded from this United States Patent Speci?cation 
that by radial polarisation elements having properties 
which are principally different from the properties of 
these elements and consequently have a different ?eld 
of application can be obtained. 
The electrically conducting material to be used for 

the core and the envelope preferably consists of a metal 
which, in contact with the piezo-electric material, does 
not spoil the piezo-electric properties in case of high 
tempcrature treatments. When using ceramic piezo 
electric material which consists entirely or partly of a 
titanate, these are, for example, the metals titanium, 
copper and nickel. 
The invention also relates to a method of manufac 

turing the elements according to the invention. This 
method of manufacturing a piezo-electric element is 
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2 
characterized in that at least one electric conductor is 
placed within a cylindrical casing of electrically con 
ducting material, a ceramic piezo-electric material 
being provided in the free space between the electric 
conductor and the casing, the diameter of the assembly 
thus obtained being reduced by a mechanical reduction 
process, the cable-like element then obtained being 
heated at a temperature in the vicinity of the Curie 
point of the piezo-electric material, a voltage serving 
for polarizing the piezo-electric material being applied 
between the electric conductors and the casing and the 
material being subsequently cooled. 

In this method it is possible to use the known tech 
niques of reducing the cross-sectional surface of com 
posite bodies having a structure in which an electrically 
insulating ceramic material is provided between a cen 
tral conductor and an envelope. These operations may 
consist of rolling, drawing or swaging or of a combina 
tion of these operations. The ?lling may consist of pow 
der, beads or pellets which are slid on the central con 
ductor. If desired, the assembly may be annealed in a 
suitable atmosphere between the various operations. 
After the mechanical reduction has taken place the ele 
ment is brought to a temperature in the vicinity of the 
Curie point of the ceramic material used. A direct volt 
age is applied between the casing and the central elec 
tric conductor such that the piez-o-electric material is 
polarized. This polarisation is directed radially. When 
determining the value of the voltage to be applied, the 
following factors are to be taken into account: 
When the polarisation voltage is applied the electrical 
?eld between the casing and the central conductor has 
its maximum value in the vicinity of the central conduc 
tor. The ceramic piezo-electric materials have a nega 
tive temperature coef?cient of the resistance. When 
heating up to the temperature at which polarisation will 
take place the resistance of the ceramic material thus 
decreases. It may be concluded therefrom that those 
ceramic piezo-electric materials are preferably to be 
used which have their highest electrical resistance at 
the Curie point, for these materials admit the highest 
?eld strength during polarizing. In this connection the 
piezo-electric material previously mentioned as exam 
ples have been found to be very suitable. 
The invention will be described with reference to the 

accompanying drawing, in which: 
FIG. I is a cross-sectional view of an element in the 

form of a coaxial cable according to the invention and 

FIG. 2 graphically shows the relationship between 
different pressure variations and the voltage differ 
ences generated thereby in an element according to the 
invention which is subjected to these pressure varia 
tions. 
The element according to FIG. It comprises a core I 

formed by a central conductor whose axis coincides 
with the axis of the cylindrical envelope 2 which like 
wise consists of conducting material. A ceramic piezo 
electric material which is radially polarized is present 
between the envelope 2 and the core 1. This is shown 
in the conventional manner in the Figure by means of 
radially directed lines provided with + and - signs 
which represent aligned dipoles. 

EXAMPLE 

A central conductor of titanium (diameter 3.5 mm) 
was introduced into a shaft of a titanium tube (external 
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diameter l3 mm, internal diameter 10 mm). The space 
in the tube was ?lled up with a ceramic piezo-electric 
material consisting of a strontium containing lead tita 
nate-zirconate being commercially available (Snug-P 
bo.9s(Ti0.41ZTo.53)Oa) 
The diameter of the assembly was mechanically re 

duced to an element having an outer diameter of 2 mm, 
an inner diameter of 1.54 mm of the envelope 2 and a 
diameter of 0.61 mm of the core 1. The element ob 
tained in this manner was brought to a temperature of 
300°C. A direct voltage of 500 Volts was then applied 
between the envelope 2 and the core 1. While this volt 
age was maintained, the element was cooled to ambient 
temperature. The piezo-electric properties of the ele 
ment obtained in this manner were found to be of a per 
manent nature at temperatures of between —20° and 
+70°C. 
An element of this embodiment having a length of 70 

cm was placed in an oil-?lled tube. A pressure was ap 
plied to the oil. The pressure was subsequently de 
creased rapidly. The maximum occurring voltage dif 
ference between envelope and core was measured at 
different pressure variations with the aid of an oscillo 
scope having a known impedance. FIG. 2 in which the 
pressure variation in kg/sq.cm is plotted on the hori 
zontal axis and the maximum/voltage difference is plot 
ted on the vertical axis shows that'the signal obtained 
in this manner is proportional to the pressure variation. 
The piezo-electric elements in the form of coaxial ca 
bles according to the invention may be used inter alia 
for measuring and detecting pressure variations, vibra 
tion phenomena and the like, for example, when testing 
the vibration level of machines, traf?c control, and sub- ' 
marine detectors. The cable may also be used for gen 
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4 
erating vibrations, for example, ultrasonic vibrations 
and to this end a suitable electric alternating ?eld is ap 
plied between the central conductor and the envelope. 

A piezo-electric element according to the invention 
particularly has the following advantages: it is ?exible 
and may therefore be wound, for example, to a coil. By 
suitable choice of the outer casing an element may be 
obtained which is resistant to corrosion to a greater or 
lesser extent. Due to its shape it may be used for mea 
suring and detecting phenomena whose position is not 
pre-determined such as in traffic ?ow counts in which 
a cable is located at right angles to the travel direction 
of the vehicles to be counted. Due to its structure the 
element is better resistant to mechanical in?uences 
than the usual elements consisting of bodies of ceramic 
material provided with electrodes. Finally, due to its 
radial polarisation it is indifferent for measuring and 
detecting from which direction the vibration phenom 
ena to be measured or detected is observed. 
What is claimed is: 
l. A method of manufacturing a piezo-electric ele 

ment comprising the steps of placing at least one elec 
tric conductor within a cylindrical casing of electrically 
conducting material, ?lling the space between conduc 
tor and the casing with a ceramic piezo-electric mate 
rial, mechanically reducing the diameter of the assem 
bly thus obtained, heating the assembly to a tempera— 
ture in the vicinity of the Curie-point of the piezo 
electric material, applying a voltage between the elec 
tric conductor and the casing to polarize the piezo 
electric material, and thereafter cooling the material. 

‘* * * * * 


