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ACCELEROMETERS DEVELOPED FOR VIRRATION MEASUREMENT 

AT HIGH TEMPERATURE 

ABSTRACT 

R. H. Whittier 
Manager, PE Transducer Engineering 
Endevco, Dynamic Instrument Div. 
Pasadena, Cal i forn la 

This paper reviews the development of several piezo­
electric accelerometers designed for measuring 
vibration at temperatures exceeding 750 ° F (400°C). 
The measurement system design considerations, in­
cluding cable, connector, and signal conditioner 
characteristics, are examined as they interrelate 
with the accelerometer. To provide the high 
temperature transduction element it was necessary 
to develop the high temperature piezoelectric 
materials. The critical characteristics of these 
materials and the resulting accelerometer designs 
are discussed. One of the accelerometers, with a 
temperature range to 1400° F (760°C), weighs only 
0.6 ounce (18 grams). The methods used to evaluate 
the vibration, shock, and accuracy capabilities at 
high temperature are discussed, and the results of 
tests are presented. 

INTRODUCTION 

Accelerometers are used in a wide variety of appli­
cations for structural vibration measurements. 
Along with the vibration, other severe environ­
mental conditions are usually present; often one 
of these is high temperature. Typical applica­
tions encompass vibration measurements on power 
generating and handling equipment such as gas 
turbines, pumps, and heat exchangers. Although 
accelerometer temperature ranges have increased in 
the past, the temperatures were limited to about 
750 ° F because of piezoelectric material and 
electronic signal conditioning limitations. Devel­
opmental efforts in the last two to three years 
have increased temperature ranges substantially. 
Temperature ranges to 900° F are now routine and 
ranges to 1400° F have more recently been accom­
plished. 

These new developments are the subject of this 
report. Several high temperature accelerometers 
have evolved from this development; the highest 
temperature version uses the newly developed 
PIEZITE"' P-15 piezoelectric element.''' An example 
of the accelerometer designed is the 1400° F 
Endevco Model 2285 shown in Figure 1. This design 

,·, PIEZ ITE1'1 is a trade name for proprietary piezo-
electric materials from Endevco. 
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is extremely small and light; the weight is 18 
grams. Development of new piezoelectric materials, 
new system and electronic circuit designs, and 
new cabling has been required to achieve this, 
These factors are discussed herein, along with 
procedures and test data for the accelerometers 
developed. 

PIEZOELECTRIC MATERIALS FOR HIGH TEMPERATURE USE 

There are many uses. for piezoelectric materials. 
The requirement for high temperature operation is 
a need somewhat peculiar to the transducer appli­
cation. Cr it i ca I factors for high temperature 
operation include: 

I. Stability of piezoelectric output with time
at low and high temperature, and with· tempera­
ture eye! Ing.

2. Small variation of the piezoelectric output
with temperature change.

3, High charge and voltage piezoelectric strain 
constants, 

4. High resistivity.

In the past the maximum temperature for trans­
ducers has primarily been limited by the ferro­
electric Curie temperatures and crystal phase 
changes. Typical Curie temperatures for ferro­
electrics are shown- in Table 1. Quartz, which is 
often used, is I imHed to about 500° F because of 
material twinning, a premature alpha to beta phase 
change. High piezoelectric strain constants are 
extremely important to provide adequate transducer 
output and small siz�. Accelerometers must be 
small and I ight to minimize their effect on the 
structure's motion. High-bulk resistivity Is also 
critical since the resistance of insulating 
materials decreases exponentially with temperature 
increase. A general rule is that resistance drops 
by a factor of ten for each l00 °C increase. Thus 
with a temperature increase from 20°C (70° F) to 
72o•c (1330° F), the resistance would drop by a 
factor of 10,000,QOO, Bulk resistivity of typical 
insulation and piezoelectric materials is plotted 
versus temperature in Figure 2. 
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