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• Piezoelectric transducers

– What does piezoelectric mean

– What is a transducer

– What is a sensor

– What is an accelerometer
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• What does piezoelectric mean

– Electricity, produced by

– Pressure, applied to a

– Crystaline substance
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• What is a transducer

– A device that converts energy
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• What is a sensor
– A sensor is a transducer that is used to 

“sense” a mechanical property and produce 
a proportional electrical signal

– RTD, LVDT, strain gages, thermocouples 
and accelerometers are examples of some 
common sensors
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• What is an accelerometer

– A sensor is a that measures acceleration

– Based on Newton’s second law of motion

– The acceleration of an object as produced by net force is directly 

proportional to the magnitude of the net force, in the same 

direction as the net force, and inversely proportional to the mass 

of the object

– Or, mathematically, F = m a
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• Accelerometer materials: quartz and PZT

– Quartz and PZT are piezoelectric materials

– Squeeze them and they produce electric current

– Apply electric current and they change shape
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• Quartz

– Is a “natural” piezoelectric material

– Never loses piezoelectric properties

– Modern quartz transducer crystals are grown, not mined

– Is not as quantum efficient as ferromagnetic piezoelectric material
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• Ferroelectric materials

– A group of ceramic materials

– Found to have the ability to become “magnets”

– Some can be made into piezoelectric ceramic

– Lead-Zirconate-Titanate (PZT) is the piezoceramic used in 

most industrial transducers
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• Lead-Zirconate-Titanate

– Lead: Atomic symbol Pb (latin Plumbum) 

– Zirconate: A Zirconium Oxide (ZrO2), Zirconium symbol Zr (mineral Zircon) 

– Titanate: A Titanium Oxide (TiO2), Titanium symbol Ti (greek Titanos) 

– Resulting in PZT
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• Poling

– The process of making a ceramic 

become piezoelectric

– Apply electrodes

– Connect to DC voltage

– Leave connected for time

– Results in “aligned” crystal matrix

Industrial piezoelectric accelerometer design



Industrial accelerometer design, 2009

12Wilcoxon Sensing Technologies proprietary

• PZT must be poled for final use 

– Poling method and direction is specific for the intended use

– Polarity is important
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• What is the pyroelectric effect 
– Piezoceramic crystals that are poled in the axis of use will have a pyroelectric 

output

– Flexural and compression designs exhibit pyroelectric output

– However, it usually appears as a very low frequency signal, below 0.5 Hz
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• Mechanical design

– Base, PZT and mass

– Mechanical stack

– Mechanical design factors
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• Base, PZT and mass

– Base mounts to machine

– PZT mounts on base

– Mass mounts on PZT

– F = m a 

– Acceleration output
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• Mechanical stack

– The resonant frequency of 

an accelerometer stack is a 

function of the mechanical 

properties of the materials 

and the design style
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• Mechanical design factors
– Increase mass to increase output

– Increase number of ‘crystals’ to 
increase output

– Doing either will reduce the 
resonant frequency

– A special bonus is also a 
reduction in noise level 
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• Mechanical design factors

– Increase mass also increases sensitivity, but lowers 

useful upper frequency

Industrial piezoelectric accelerometer design



Industrial accelerometer design, 2009

19Wilcoxon Sensing Technologies proprietary

• Charge amplification

– Charge mode accelerometers

– Charge amplifiers
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• Charge-mode accelerometers
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• Charge amplifiers
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• Charge amplification inside the sensor

– Basis for all IEPE sensors

– Cable length is then not an issue for most applications
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• Design trade-offs

– Power

– Cable length limits

– CCD limits

– Discharge time-constraint

– Sensitivity

– Frequency response

– Mounted resonant frequency response

– Noise

– Low frequency measurements

– Operational range
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• Signal and power on two wires

– Basis for all IEPE sensors

– Circuit was pioneered by Kistler

Instruments in the 1960’s
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• Internal amplifier produces BOV

– Constant-current diode powers sensor

– DC voltage appears at sensor terminals

– Vibration signal is superimposed on the 

DC voltage

– Allows long cables
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• Cable length limits

– Long cables connected to IEPE 

sensors cause signal distortion of the 

“positive-going” signal

– It is a “slew rate” limitation to the signal

– Results in harmonic distortion and false 

harmonic signals
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• CDC limits current on positive cycles

– Constant-current diode limits cable charging current
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• Discharge time-constant

– Definition: Time it takes a signal to decline to ~67% pf the 

peak value of a transient

– Directly related to the low frequency response of 3 dB point 
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• Sensitivity

– Cf determines sensitivity

– IEPE accelerometers can be 

tuned for a specific sensitivity 
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• Sensitivity can change of PZT over time
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• Accelerometer frequency response example (786A)
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• Mounted resonant frequency

– Specification datasheet 

identifies resonant 

frequency of the ideal 

mounting condition, e.g. 

stud mounting

– Actual mounting conditions 

will affect this frequency

786A resonance frequency = 30 kHz
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• Mounted resonant frequency examples
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• Electrical noise, equivalent g’s
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• Noise effect on velocity measurement
– In this example the noise floor of the accelerometer crosses                      

the 0.001 ips level between 2 Hz and 3 Hz

– While the sensor has a low frequency -3dB of 0.5 Hz, it should           
not be used to that low of a frequency for velocity measurements 
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• Noise difference between accelerometers

– Low frequency accelerometer is 500 mV/g

– Low frequency accelerometer also has a much lower noise 

@ 10 Hz 
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• Low frequency response is limited only by the 

electronics within accelerometer
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• Low frequency measurements need low frequency 
accelerometers
– For machines that run below 600 RPM, a low frequency 

accelerometer should be used

– Signal is five times higher with a 500 mV/g accelerometer

– Noise can be as much as twenty times lower

– Overall improvement is a 5, 20 or 100 times better                
signal-to-noise ratio 
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• Operational range

– Every change causes something else to change
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• Summary of selected trade-offs
– This table is a brief representation of some of the trade-offs caused 

by changes in characteristics of accelerometers
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