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	>Calculations 



Voltage Output Calculations
Resolution Calculations
Find out how your A/D choice can make a difference in your sensor's resolution
Calculate the Resultant Force and COP from Multiple Platforms
Find out how to calculate the COP for a single platform
 

 

 

 

 



Voltage Output Calculations
You'll need to know your sensor's sensitivities.  Specific sensitivities were provided with each sensor.  These sensitivities are used to calculate the output voltage for each channel using the following equation:
Vo = 0.000001 x S x Vexc x G x Input
Vo
= the output voltage from the amplifier used
0.000001
= volts/micro-volt, units for sensitivity
S
= the sensitivity
Vexc
= the bridge excitation voltage
G
= the amplifier gain
Input
= the input force or moment
Example: Calculate the output voltage for this sensor under the following typical conditions:
•Input is Fy = 200N                •G = 4000
•Vexc = 10 volts                    •SFy = 0.67 µV/Vo/N
Vo = 0.000001 x 0.67 x 10 x 4000 x 200 = 5.36 volts
Continuing this example, suppose that this system is connected to an A/D converter which converts the output voltage to a number of bits to be read by a computer:
A typical A/D converter would be a '12 bit converter' with 10 volts full scale input.  This translates to 
212 = 4096 bits for an input range of 20 volts.  
This gives a conversion of 204.8 bits/volt. 
Thus, a 200N Input gives 
5.36 volts x 204.8 bits/volt = 1097.7 bits output, 
which is read as 1097 bits output because an A/D converter can only understand whole number values.


Resolution Calculations
Sometimes it's important to know the smallest increment of force or moment a sensor system can measure.  The smallest increment is the amount of force or moment the sensor system can measure as 1 bit of data on the A/D.  The size of this increment is called it's resolution.  To determine the resolution of a sensor, you should first know how many bits your A/D can convert:
· a 12 bit A/D with a 10 volts full scale input converts 212 bits/20V = 204.8 bits/volt 
· a 16 bit A/D with a 10 volts full scale input converts 216 bits/20V = 3276.8 bits/volt 

Next, calculate the voltage output (Vo) for a single unit Input (1N,1Nm,1lb, or 1in-lb) with the voltage output equation.  Make sure you use the proper sensitivity units.  
Example:
•Input is Fy = 1N                   •G = 4000
•Vexc = 10 volts                    •SFy = 0.67 µV/Vo/N

Vo = 0.000001 x 0.67 x 10 x 4000 x 1 = .0268 volts
Then, convert the voltage output to bits using the appropriate A/D conversion factors.  
Example continued:   
•12 bit A/D converter with a 10 volts full scale input
Thus, a 1N Input gives a
.0268 volts x 204.8 bits/volt = 5.489 bits output
Finally, using the ratio we just calculated, take 1N and divide it by the bit output.  This number is the amount of force that will be measured by 1 bit.  This is the resolution. 
Example continued:
1N/5.489 bit = 0.182 N/bit 
Thus, Fy has a resolution of 0.182 N/bit.  
Every bit on the Fy channel will read 0.182 N.
 

What if I use a different A/D converter?  
Your A/D conversion factor is changed, thus your resolution is changed.
Example continued:  
• 16 bit A/D converter with a 10 volts full scale input
.0268 volts x 3276.8 bits/volt = 87.82 bits
Thus, a 1N Input gives a 87.82 bit output.
1 N/87.82 bits = 0.011 N/bit
Thus, Fy has a resolution of 0.011 N/bit.  
Every bit on the Fy channel will read 0.011 N.   
Much better!


Calculating the Resultant Force and COP from Multiple Platforms
This note explains how to calculate the total force and COP from several force platforms. This explanation assumes that all platforms are in the same orientation, so that their X and Y point in the same direction.
Total Force
For a number of platforms, N, the total vertical and horizontal forces are:
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For example, if there are four platforms,
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Center-Of-Pressure (COP)
The actual COP can be calculated from the platforms outputs as follows:
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The X coordinate of the COP is:
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The Y coordinate of the COP is:
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Example:
This is a 4-platform example. The following table shows the calculations:
Platform
X
Y
x
y
Fz
Fz*(X+x)
Fz*(Y+y)
1
0
 0
2.1
1.3
41
86.1
53.3
2
10
10
1.3
-1.5
32
361.6
272
3
15
-10
1.5
-2.1
53
874.5
-641.3
4
25
-15
-3.1
-1.8
28
613.2
-470.4
 
 
 
 
Total:
154
1935.4
-786.4
X=12.56
Y=-5.1
In the above example, the global coordinate system has an origin that corresponds to the origin of the first platform, so (X,Y) for platform 1 is (0,0). The calculated local COP for that platform, (x,y), is (2.1,1.3). The vertical force on that platform is 41. The final two columns show intermediate calculations.
The total vertical force is the sum of the individual Fz’s, or 154. The X coordinate of the overall COP is calculated as 1935.4/154=12.56. The Y calculation is similar.
 



 COP Calculation for A Single Force Platform
The calculated COP coordinates (x,y) for a force platform are as follows:
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where:
COP(x) = The x coordinate of the center of pressure
COP(y) = The y coordinate of the center of pressure
Zoff = The vertical offset from the top plate to the origin of the force platform (a negative #)
Fx = The force along the x axis
Fy = The force along the y axis
Fz = The force along the z axis
Mx = The moment about the x axis
My = The moment about the y axis
Mz = The moment about the z axis
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