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A22 / A6  MINIATURE FORCE  SENSOR 

                                                                                                         

 
 
 
 
 
 
 

MODEL  A22 ;  A6 

COMPREHENSIVE ERROR  % 0.1  

OUTPUT SENSITIVITY  mV/V  1.60 ± 0.16  

NONLINEARITY  %F.S  0.05  

REPEATABILITY  %F.S  0.05  

HYSTERESIS %F.S  0.05  

CREEP  (5min)%F.S  0.1  

ZERO DRIFT  (5min)%F.S  0.1  

TEMP.EFFECT ON ZERO  %F.S/10ºC 0.2  

TEMP.EFFECT ON OUTPUT  %F.S/10ºC 0.1  

ZERO OUTPUT  mV/V  ±1.0  

INPUT RESISTANCE  ohm  350±50  

OUTPUT RESISTANCE  ohm  350±50  

INSULATION RESISTANCE  Mohm  2000  

EXCITATION VOLTAGE  V  5,   max.6  

OPERATION TEMP.RANGE  ºC -10 … +50  

OVERLOAD CAPACITY  %F.S.  150  

CAPACITY  kg (Lb) A22: 22.6 (50) ,   A6: 6.8 (15) 
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H:   A22  -  1.8 mm,   A6  -  0.99 mm 
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INTRODUCTION:  
  
     The Model A22 / A6 is designed to sense force in two capacities.  With additional 
hardware and creative application engineering, measurements of pressure, acceleration, 
weight, angle, flow rate, level, torque, direction, displacement, etc. can be effectively 
achieved.  These force sensors have been used in all segments of industry.   
      
     Typical examples include: 
Medical: infusion pump, rehabilitation, foot switch, etc.  
Computer: touch screen monitor, hard drive spring tension control, force alignment, etc.  
Automotive: ABS braking system, car seat occupancy detection, wheel load, etc.  
Automation: smart switch for machine control, tactile sensor, torque control, wirebonder, 
position control, force monitoring in press, etc.  
Industrial: liquid dispensing control in vending machine, inventory control, counter scale, 
etc.  
      This application note contains information on considerations in using these sensors. 
Also included are typical  applications and signal conditioning circuits.  
      These force sensors consist of a metal sensing element with strain gages attached to 
it.  With proper mounting, a double bending will be created in the element during loading, 
as shown in Figure 1.  The deflection is exaggerated for descriptive purposes.  Tension 
and compression stresses will be induced at different strain gages.  An electrical output is 
generated with the change of resistance of strain gages. 
 

 
 
 
 
 

APPLICATION CONSIDERATIONS:  
  
1. MOUNTING CONSIDERATIONS  
     The degree of care which must be taken in designing the mechanical interface to the 
sensor is dependent on needed accuracy.  These force sensors generally require that the 
mount create a .double bend. guided cantilever during loading.  The applied load should 
be at the midpoint of the beam.  Clamping of the beam can be provided by screws or 
rivets.  
     Three typical mounting arrangements are shown in Figure 2.  For high-accuracy 
applications, reinforcement plates should be slightly harder than the beam material and the 
interfacing corners should be sharp.  A more detail discussion is presented in the following 
paragraph.  
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2. OVERLOAD CONSIDERATIONS  
     Care should be taken not to overload the sensor.  Depending on the capacity of the 
unit, full scale deflection may vary  to 0.7 - 0.8 mm.  If overloads are anticipated, provision 
should be made for an overload stop or permanent damage may occur.  This can be a 
simple adjustment screw or an integrally formed section of the base mount which will 
restrict deflection of the sensor beam.  
  
3. MOUNTING PAD HARDNESS (STRENGTH) CONSIDERATIONS  
     To maximize the accuracy of the installed force sensor certain considerations must be 
given to the correct mounting of the sensor and the materials to which the sensor is 
mounted. These force sensors should be mounted on a material which is similar to the 
sensor element or has greater physical properties.  This minimizes the possibility of 
.coining. the edge of the mounting pad after several load cycles. The .coining. 
phenomenon will increase the errors in non-linearity and hysteresis with use. The 
maximum accuracy of the sensor is obtained by using mounting pads which are fabricated 
from a material that is stronger and harder than the sensor element.  Acceptable 
performance can be achieved by using mild steel 1010-1020.  For best performance, 
medium carbon steel RC 35-45 is recommended.  
  
4. MOUNTING TORQUE CONSIDERATIONS  
     The sensor must be bolted, screwed or riveted to the mounting surface with enough 
force to prevent relative motion between the sensor and the mounting surface.  It is 
recommended that the sensor be retained with #4-40 screws that have been torqued to 12 
to 20 inch-pounds.  Use of a washer between the retaining screw and the sensor is 
preferred as this will produce a uniform contact pressure across the mounting surface and 
avoid damage to the sensor.  
  
5. MOUNTING SURFACE RIGIDITY CONSIDERATIONS  
     Relative movements of the mounting surfaces with load should be minimized to assure 
the proper transfer of forces to the sensor.  Excessive deflections or rotations of the 
mounting surfaces will introduce erroneous forces to the sensor.  
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6. MOUNTING MODE CONSIDERATIONS  
Tension loading of the sensor is generally the most accurate as extraneous forces can be 
eliminated with simple hardware, such as a beaded chain or wire.  See Figure 3.  
 

 

     
 
      With compression loading, it is generally more difficult to obtain a high accuracy 
utilizing simple hardware.  The major problem is the reduction or elimination of side-
loading and off-center loading effects.  It is recommended that the load transfer to the 
sensor be made through a device that is de-coupled from both the sensor mounting 
bracket and the load point.  Figure 4 shows two possible mounting assemblies.  
  

 

 
 
7. OFF-CENTER LOAD SENSITIVITY ADJUSTMENT  
     These single beam force sensors are sensitive to off-center load when used in the 
weight measurement as shown in Figure 5.  The accuracy of the output may change when 
the load is shifted off-center in either longitudinal or transverse direction.  The possible 
contributing error sources include: (1) small variations in the gage position on the beam, 
(2) variations in the gage geometry, (3) variations in the gage resistance, (4) variations in 
the gage factor, (5) variations in the beam geometry, (6) variations in the strain at the gage 
locations due to machining and other factors, (7) variations in the lead wires to the 
connecting circuitry.  
      There are two methods that will allow the end-users to compensate these off-center 
errors.  One method is to file the edge or bottom the beam next to the strain gages.  The 
filing will reduce the cross-section of the beam and will have an effect of changing the 
gage orientation.   The other compensation method is to connect a resistor network to the 
Wheatstone bridge.  Both methods will require some training. 
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TYPICAL APPLICATIONS:  
  

Figures 5 to 10 in this section illustrate the arrangements for different measurements.  
 
A. WEIGHT/FORCE  

 

 

B. PRESSURE  
 

 

 
 
C. POSITION  
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D. PARALLELOGRAM SENSOR  
 
Using two identical force sensor or a force sensor and a spring will reduce the errors 
caused by off-center loading and can be used to increase the load capability of the unit.  
   
 

 

 
 
E. PLATFORM SENSING  
 
 

 
 
F. LOCATION/MAGNITUDE SENSING  
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When we electronically sum the four outputs, we know the total force.  Now if we compare 
the relative magnitudes of the four separate outputs, we can derive the location of the 
force anywhere on the plate.  
  

                               ( Forces "B" + "C" )  
X Position =            
                      ( Forces "A" + "B" + "C" + "D" ) 
 
 

                               ( Forces "A" + "B" )  
Y Position =            
                      ( Forces "A" + "B" + "C" + "D" ) 
 
 
 
 

G. DIAMETER CHANGE SENSING  
 

As shown in Figure 11, these force sensors can be arranged to measure the diameter 
change of any structure.  This change can be caused by temperature, force or any other 
loading.  
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SIGNAL CONDITIONING CIRCUITS:  
  

1. BRIDGE AMPLIFIERS  
Strain gage sensors require high input impedance amplifiers to avoid performance 
degradation. The bridge impedance changes with temperature, when a low input 
impedance differential amplifier is used, leading to a temperature dependent gain non-
linearity. Designs for three suitable bridge amplifiers are shown below.  

 

Figure 12 illustrates a circuit using only one amplifier. An amplifier with a low TC of input 
offset current, such as M108, is required to permit use of large value input resistors (such 
as 100K) to minimize bridge loading. The disadvantage of this method is that two resistors 
must be adjusted to change gain.  
 Figure 13 illustrates a circuit using two amplifiers. Two resistors must also be adjusted to 
change gain in this circuit.  It has an inherently high input impedance.   
 
 

 

 
The circuit in Figure 14 requires four operational amplifiers, but allows gain to be changed 
with a single resistor. The first stage inherently has a common mode gain of unity. Thus, 
this circuit can be made significantly less sensitive to common mode errors due to resistor 
mismatch by placing all of the gain in the first stage and using the output stage as a unity 
gain summing amplifier. This circuit also has an inherently high input impedance.  
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2. SET POINT SWITCH CIRCUITS  

An op amp with positive feedback to provide hysteresis (Figure 15) is the basic element of 
the switch.  Its output (Vo) switched from zero volt to the high state (Vs - 1.5V) by adjusting 
pot wiper.  
 

 

 
In this circuit, RL should be chosen to minimize loading of both the sensor output, and the 
potentiometer used to adjust switch point. If a 2K pot is used, RL = 20K is suitable. RH is 
selected to provide enough hysteresis to eliminate noise-induced jitters at the switch point. 
The amount of hysteresis can be calculated using the equivalent circuit in Figure 16.  
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When the output (Vo) is in the low state (Vo=0),  
  

                Vi * RH  
Va (L) =                   ≅ Vi          ( for RH >> RL) 
                RH + RL 

 
When the output (Vo) is in the high state,  
 

                               Vo * RL                          Vo * RL 
Va (H) =  Va (L)  +                    ≅ Va (L)  +                          ( for RH >> RL) 
                               RH + RL                                           RH 

 
 
 
The hysteresis is given by   
 
                                          Vo * RL 

∆ Va = Va (H)  - Va (L)  ≅   

                                              RH 

 
 

If the LM124 op amp is operated from a 10 V supply, Vo = 8.5 V, and RH = 5 megohms 
yields a  hysteresis of 34mV.  
  
Other configurations  
1. Output switches from high to low state for:  
Vi  ≥V pot wiper (Figure 17)  
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2. Output switches from low to high for: (switch point 1) ≥ Vi ≥ (switch point 2). 

     See Figure 18.  
 

 

 


