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High Temperature Sensing Materials 

During the past few years numerous laboratories 
have been working on the development of higher tem
perature piezoelectric crystal materials. Three of the 
most promising materials are Lead Zirconate-Lead 
Titanate combination, 1 Lead Metaniobate/ and PIEZ
JTE Element Type II. 3 

To measure their characteristics each material was 
evaluated when used as the sensing element in a 
clamped crystal type of accelerometer design . This 
type of design appears to be most useful since it pro
vides much higher sensitivities for any given natural 
frequency than is possible with any other type of 
design. Another reason for using the clamped crystal 
design is to provide the best signal to noise ratios 
under high audio noise fields often encountered in 
flight testing and engine testing. Higher initial signal 
levels combined with higher mechanical impedance 
that provides less response to the audio noise are the 
reasons for the improved performance. 

The actual configuration used in the following com
parisons was as shown in Figure 2. This crystal accel-

Figure 2 

erometer in which the different materials were used 
was approximately 11/..," high and weighed approxi
mately 1 ounce. 

The performance of the three materials at room 
temperature is shown in Figure 3. PIEZITE Element 
Type I is a medium temperature ( 230' F) sensing 
material and is shown for purposes of comparison. The 
Lead Zirconate-Lead Titanate combination and Lead 
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Figure 3 

Metaniobate showed about equal sensitivities but the 
Lead Metaniobate lacked the high dielectric constant 
of the Lead Zirconate and Lead Titanate and there
fore provided only 1/3 as much capacity. The PIEZ
ITE Element Type II provided lower sensitivity with 
capacity slightly under that of the Lead Metaniobate. 

The importance of these materials, however, is 
their linearity with temperature. Figures 4 through 8 
show temperature characteristics to 500' F. Fie:ure 
6 shows the voltage linearity with temperatur� of 
the three materials. Lead Zirconate-Lead Titanate, 
which was most desirable at room temperature above, 
was shown to be extremely nonlinear with tempera• 
ture and required large correction factors to obtain 
any degree of accuracy in measurement. Lead Meta• 
niobate and PIEZITE Element Type II had a very 
linear voltage coefficient up to 500" F. It is important 
here to note that the volta.�e coefficient is equal to 
the charge Q divided by the capacity C. Both the 
capacity and charge coefficients of PIEZITE Element 
Type II as shown in Figures 4 and 5 were exactly 
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Figure 5 

linear with temperature, while in the case of Lead 
�Ietaniobate the capacity and charge both increased 
about 30 % , thus cancelling each other out for the 
voltage linearity. This pointed out one of the possible 
drawbacks of Lead Metaniobate; its temperature line
arity will change depending on how much external 
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Figure 9 

NOTES 

Conclusions 

Of the three sensing materials tested, PIEZITE Ele

ment Type II offered the most advantage for vibration 
and shock measurements to 500 ° F. It had medium 
sensitivity and capacity and provided extreme line
arity with temperature up to 500° F. It could be 
capacitively loaded without changing its temperature 
linearity. It further provided high insulation resist
ance at 500° F that insured good low frequency re
sponse again regardless of temperature. It was the 
only one of the materials tested that could be used 
to 500' F for reliable measurements without correc
tion. Because of the above characteristics PIEZITE 
Element Type II was chosen as the sensing element 
for high temperature accelerometers6 linear to 500° F. 
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