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• Learning Objectives

• Common types encountered in Cal Labs

• Electro-Mechanical 

• Characteristics & Considerations

• Applications & Cautions

• Construction & Materials

• Reference Sensor Considerations

ACCELEROMETER THEORY



ACCELEROMETER TYPES

• Current accelerometer types

• Resistive - Strain Gauge, 
Thin-Film, Piezoresistive

• Capacitive - Micromachined

• Piezoelectric

• Other less common types

• Servo / Force-Feedback

• Vibrating Quartz

• Slide-wire potentiometer

• Variable Inductance

• Fiber Optic 

• Piezotransistor
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RESISTIVE AND CAPACITIVE

• Typical Characteristics:

• DC aka 0 Hz measurement

• Limited dynamic range (~80 dB = 10,000:1)

• Limited high frequency range (<10 kHz)

• Sensitivity varies with excitation (mV/g per V)

• Multiple wire interface



RESISTIVE AND CAPACITIVE

• Typical Applications:
• Long Duration/Low Frequency Events:

• Automobile Acceleration/Deceleration
• Aerospace Modal Surveys

• Suspension Road Response
• Robotics
• Whole Body Ordnance Effects Testing
• Crash Dummy Instrumentation

• Tilt Sensors

• Airbag Industry (Low Cost)



PIEZOELECTRIC ACCELEROMETERS

• Piezoelectric crystal – electrical 
charge output per strain input

• Seismic mass – converts 
acceleration to strain



PIEZOELECTRIC



PIEZOELECTRIC

• Typical Characteristics

• Dynamic events only (>0.1 Hz)

• Wide dynamic range (>120 dB = 1,000,000:1)

• Wide bandwidth (>10 kHz)

• Operates over two wires

• Rugged 

• High temperature versions (1240 F [650 C])



PIEZOELECTRIC

• Typical Applications

• Rotating equipment operation

• Automotive

• Aerospace

• Consumer goods

• Industrial machinery



PIEZOELECTRIC MECHANICAL DESIGN

• Element Configurations

• Compression

• Inverted Compression

• Beam

• Shear

• Tri Shear

• Annular Shear



PIEZOELECTRIC MECHANICAL DESIGN

• Element Configurations

• Beam



PIEZOELECTRIC MECHANICAL DESIGN

• Element Configurations

• Compression

• Inverted Compression



PIEZOELECTRIC MECHANICAL DESIGN

• Element Configurations

Shear

• Annular Shear

• Tri Shear



Quartz Ceramic

High Sensitivity 

High Operating Temperature 

(Lack of) Thermal Sensitivity 

Long Term Output Stability 

PIEZOELECTRIC SENSING MATERIALS
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PIEZOELECTRIC ELECTRICAL DESIGN

• Charge Output (externally amplified)
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PIEZOELECTRIC ELECTRICAL DESIGN

• IEPE (internally amplified) aka ICP®



IEPE (ICP®) Charge

Dynamic Range 

High Operating 
Temperature 

EMI/RFI Resistance 

Resistance To Cable 
Effects* 

PIEZOELECTRIC ELECTRICAL DESIGN

* - Cable length, cable motion, cable contamination



CALIBRATION CERTIFICATE

• Displays both Sensitivity (at 
reference frequency) and 
Frequency Response

• Each have different tolerance 
specifications

• These specifications are not 
the same thing as accuracy 
and uncertainty
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Sensitivity

Frequency

1 pC/g

10 pC/g

100 pC/g

13 kHz
40 kHz

180 kHz
Decreasing seismic mass

Decreasing sensor size

In
cr

ea
si

ng
 s

ei
sm

ic
 m

as
s

FREQUENCY RESPONSE

• Accelerometer Design 

• Trading Sensitivity vs High Frequency Response



Log Frequency (Hz)
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FREQUENCY RESPONSE

• Mounting Method also affects response



Design Parameter Choice For Reference 
Accelerometer

Element Design Piezoelectric

Mechanical Design Tri-shear

Crystal Material Quartz

Electrical Design IEPE aka ICP®

IDEAL REFERENCE ACCELEROMETER 



QUESTIONS?
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