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Multiple Ranges: Quartz Piezoelectric force sensors may be used 
for multiple measuring ranges without removing the force sensor 
from the test fixture. 

By the simple formula V=Q/C, where V is the voltage output, Q is the 
charge produced, and C is the system capacitance, multiple output 
ranges may be selected by adjusting the value of C. The value of C 
may be adjusted internally in ICP output sensors and externally in a 
charge amplifier for charge output sensors. This feature allows 
lower ranges to be measured while the sensor is experiencing much 
higher static loading.

By comparison, a strain gage load cell of a specific measuring range 
must be purchased for each desired measuring range required in a 
test.

Overload Protection:  The most common failure mode of a strain 
gage is the application of force beyond the yield point of the strain 
gage flexure (overload range). Overloading the load cell may cause 
permanent damage to the flexure, which could lead to a zero shift, 
non-linearity and a general fatigue of the metal flexure, reducing the 
load cell's life.

Quartz piezoelectric force sensors react to stress, not strain, 
meaning there is virtually no deflection during measurement. Most 
have a compressive strength of 3.0 x 108 Pa (4.351 x 104 psi), 
which allows massive overloading without risk of crushing the 
sensor. Even when the sensor is overloaded beyond its stated 
measuring range, they suffer no ill effects, zero-shift, fatigue or 
linearity change.

Most ICP output force sensors are designed to provide a full-scale 5 
volts output at rated measuring range. However, the circuit typically 
provides output of 30 volts and beyond without damage. Several 
ICPsensors have a built-in circuit that protects the electronics up to 
100 volts impact induced shock overload. This electrical overload is 
typically six times or more of the rated capacity.

Stability: Quartz force sensors are very stable since they are made 
of solid-state construction and quartz, a natural piezoelectric 
sensing element, has no aging effects. Since they do not deflect 
under load like strain gage load cells, there is little chance for 
sensitivity change and frequent calibration is not required.

Temperature effects:  Quartz piezoelectric force sensors may be 
operated from 100 °F to 400 °F (-73 °C to 204 °C). Strain gage load 
cells have a useful temperature range limited from 65 °F to 200 °F (-
54 °C to 93 °C). This limited operating temperate range of strain 
gage load cells is due to the combination of solder melting point, the 
backing material of the strain gage and bonding agents used to 
attach the gages to the metal flexure]. Additionally, at elevated 
temperatures, the insulation resistance of strain gage load cell 
insulation materials can degrade significantly, leading to sensor 
non-linearity. 

Because of the effect of temperature on the strain gage resistance, 
the mismatch between coefficient of expansion of the strain gage 
and the flexure, and bridge out-of-balance condition, these load 
cells require a temperature compensation circuit in order to provide 
a stable output. The various temperature-related measuring errors 
include thermal expansion, point response, thermal sensitivity 
change and electrical loading.

Although strain gage technology is commonly taught and widely 
used, comparisons indicate that quartz force sensors can provide 
both technical and cost advantages in certain applications. 

Quartz piezoelectric sensors measure from near DC (quasi-static) 
to several kHz, while strain gage load cells are limited from “true DC” 
(static) to only several tens of Hz. Quartz piezoelectric force sensors 
excel in dynamic applications requiring high frequency response, 
long-term stability and durability, while strain gage load cells are well 
suited for static and low frequency measurements. 

Additional benefits of quartz piezoelectric technology include; small 
size, low mass, extended measuring range, overload protection, 
high voltage output, extended operating temperature range, low 
acquisition cost and low life-cycle cost.

Siffness                    Stiff as a solid steel

Dynamic Response   
  response than load cells 

Size                           Smaller than strain gage          Big in size

Mutliple Ranges 

 

Electrical Output        5 / 10 V output available         20mV output

Overload protection

                                                   

Sensitivity Stability

 

                                    -73 °C to 204 °C                   -54 °C  to 93 °C

Quartz Piezoelectric Force Gage Load Cell

L o w e r  f r e q u e n c y
response than Quartz 
force sensors

Lower ranges can also be  
measured even while the 
sensor is experiencing much 
higher static loading.

load cell of a specific 
range is required for 
each desired measuring 
range 

Little chance for sensitivity 
c h a n g e  a n d  f r e q u e n t  
calibration is not required

Sensitivity changes 
when exceeds its rated  
lifetime limit 

Several ICP Sensors Have a 
built-in  Circuit that protects 
the electronics up to 100 V

Overloading causes 
permanent damage to 
the flexure, zero shift, 
non-l inearity and a 
general fatigue of the 
metal flexure.

Has Ten times higher frequency

Temperature Range

Sensor 
Strain 

Not as stiff as quartz 
force sensor


