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Introduction to Piezoelectric Accelerometers
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The measurement of acceleration, velocity and displacement can be used to
measure vibration. Of these methods, piezoelectric accelerometers are
the most widely used sensors in the fields of vibration and shock
instrumentation.
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Types of vibration sensors
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Piezoelectric (several Hz to several tens of kHz)

—#EX (DC~300Hz)
_Z‘uizrg __| Electrodynamic (DC to 300 Hz)

Acceleration 04 &5 — % (DC~%ikHz)
Strain gauge (DC to several kHz)

— 38z (DC~1kHz)

Semiconductor (DC to 1 kHz)
Contact

sensors |k BEX ($iHz~%$kHz)

Velocity Electrodynamic (several Hz to several kHz)
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Vibration — %L Vg &4 —3 (DC~#110Hz)

sensors Displacement Strain gauge (DC to several tens of Hz)
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Eddy current (DC to several tens of Hz)
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Capacitive (DC to several kHz)
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contact
sensors Optical (laser intetference method)
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Linear Vaiable Differential Trans (DC to several kHz)
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Features of piezoelectric accelerometers
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Piezoelectric accelerometer offer the following features compared with

strain gauge, electrodynamic, and other types of sensors.
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High sensitivity, small size
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Wide band: from low- to high-frequency measurement
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Wide measurement range: from very faint vibrations to high accelerations
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High physical strength
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High environmental resistance
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No power supply required (except for models with internal pre-amplifiets)
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How piezoelectric accelerometers work
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@ Q=d-F
@ F=m-a
® Q=d*m-a
The piezoelectric element is a functional material that generates an
electric charge when applied to an inertial force (F). The quantity of the

EEEH Piezoelectric constant

electric charge (Q) is constant depending on the composition. ****** ®

The basic structure of a piezoelectric accelerometer is as follows. The
piezoelectric element is sandwiched between a constant mass (m) and a base.
From Newton's Second Law, the relationship between the acceleration
(a) applied to the accelerometers sensor, and the inertial force (F)
applied to the piezoelectric element can be expressed ****** ®

Therefore, it becomes formula @, that at this point, since (d) and (m) are
constant, the generated electric charge (Q) is linearly proportional to the
acceleration (a).
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Examples of measuring system
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There are two kinds of piezoelectric accelerometers: charge output types and types that have built-in amplifiers (line drive types).

The vibration measuring systems that use these two kinds of accelerometers are shown below.
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Coaxial cable
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The charge output accelerometer sends out a high impedance charge
signal. This requires a charge amplifier to be placed in the circuit before
the meter to convert this signal into a low impedance voltage signal.

This kind of charge amplifier is a line drive type, where the power supply and
the signal line use the same cable. Some charge amplifiers, like our CA-201
model, are powered by batteries—but most need external power supplies.
Low-noise cables must be used to connect the sensor to the charge
amplifier.

It is now possible to use small-sized charge converters, if one uses a meter
that has a built-in line-drive constant-current power supply, together with
constant current power supply like our CCPS-3.
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Coaxial eable can be used. Built-in constant current

power supply
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In sensors that have built-in amplifiers, the pre-amplifier inside the sensor
converts the sensor output signal into a low-impedance voltage signal, so a
charge amplifier is not required. These sensors are powered by line-drive
constant-current power supplies, generally 0.5 to 5 mA constant-current, 15
to 25 V DC power supplies.
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