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Title: 
What is a Load Cell? 
 

Overview: 
 
I'm often asked, "What exactly is a load cell, and what does it do?"  The simplest answer is that a load 
cell is a sensor that tells you how much things weigh, similar to how a thermometer is a sensor that tells 
you how hot or cold something is. 
 
The next most common questions is, "How does it work?"  To fully answer that requires a much more 
complicated answer, which is beyond the scope of this Technical Bulletin - I would have to write an 
entire book to really explain it!  Thankfully, others have already done that.  In a nutshell, however, a 
load cell is built in such a way that it can take a 'physical event', such as a weight being loaded on to it, 
and convert it into an 'electrical signal' that can be processed by an indicator or computer to be 
displayed as a number on a screen. 
 
Sometimes a load cell is misnamed as a 'strain gage' or 'scale', so just to help clear up the confusion in 
terminology - a strain gage is used to build a load cell, and a load cell is used to build a scale.  Think of it 
like this: 

 
One of the coolest aspects of a load cell is that it is truly an electro-mechanical device - it acts as a 
'bridge', or translator, between the worlds of Electrical Engineering and Mechanical Engineering.  That 
means in order to be a Load Cell Engineer or Designer, you must have an understanding of both types of 
Engineering disciplines.  Another really cool aspect of load cells is that they're not just confined to planet 
earth.  Load cells are used by the aerospace industry in satellites in orbit - there's even a load cell on the 
Curiosity Mars Rover that is used to measure force and torque on its robotic arm! 
 
Like a lot of things, load cells are tools that we almost all use every day and don't even realize it.  If you 
stepped on a bathroom scale this morning, bought a pound of potato salad at the grocery store, or 
picked up a prescription at the pharmacy, then you used a load cell.  Many industries around the world 
use load cells as part of their operations, such as seaports, over-the-road trucking, manufacturing, and 
especially, agriculture.  So more likely than not, almost every product or material you used today was 
weighed with a load cell at some point in its lifecycle. 

 

References: 
www.northstarloadcell.com 
http://www.futek.com/application/aerospace-defense/MSL-Mars-Rover 
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Title: 
Load Cell Error Per Degrees of Rotation. 
 

Overview: 
Most users of load cells understand that the load applied should be straight up-and-down in almost all 
cases.  But sometimes the application calls for a non-vertical load, or perhaps there's something not 
quite right about the installation that makes the load angle suspect.  In those situations, how does one 
answer the question, "How far off am I?" 
 
The following example will focus on a round, differential-bending load cell, often referred to as a DB cell.  
However, all load cells are susceptible to error caused by loads that are out of alignment. 
 
Let's say for example that you have a DB cell with 10,000lbs capacity.  It might look something like this, 
with an arrow sticker or engraving on the end where the load is applied.  The other end is the 'fixed' or 
mount end, and the large diameter section in the middle is the 'can' or cover. 
 

 
 

Underneath the cover is where all of the load cell circuitry is hidden away and protected from the 
elements.  Without going into a lot of detail about how it all works, it's enough to say that the circuit is 
made of strain gages and other resistors wired into a Wheatstone bridge.  The strain gages are 
positioned exactly on the top and bottom of the cell - that's how they are able to measure 100% of the 
load that is applied. 
 
If the bar were to be rotated away from top-dead-center while the load stayed vertical, the strain gages 
would no longer be exactly on the top and bottom anymore.  As a result, they would only be able to 
sense a smaller proportion of the total load.  That proportion is calculated by using the formula: 
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The percent error is then calculated by using this formula: 
 

        
                        

    
      

 
To bring it all together, the error per degrees of rotation for a 10,000lbs capacity load cell is summarized 
in a graph on the following page.  Then, the next graphs show a generalized application of the percent 
error, including a close-up of the 0° to 30° degree range. 
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Summary: 
As can be seen in the graphs, load cell misalignment can quickly lead to significant errors in the weight 
reading of a scale system.  In real-world applications, there will likely be some angular deviation from 
top-dead-center in almost any application, but the more care that is taken to keep this deviation to a 
minimum the better the scale system will perform. 
 

References: 
www.northstarloadcell.com 
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Title: 
Multi-Point Scale System Signals 
 

Overview: 
 The questions often arise: "How do load cells 'add' together in a scale system?" or, "How does 

'negative' load affect a scale?"  This Technical Bulletin will use simple diagrams and mathematics 
as examples to answer these questions. 

 

Load Cell Basic Concepts: 
 Consider the output of a single load cell.  In this example, the cell will have a calibration value of 

0.5 mV/V @ 10,000lbs.  In other words, when 10,000lbs of load is placed on the cell, it will 
produce an electrical signal of 0.5 mV/V.  The load cell is designed and built to have this amount 
of signal output at this load, and it is permanently 'set', or calibrated, at the time of its 
construction.  An indicator, or scale head, is used to process the load cell signal so that the 
weight is displayed. 

o  
 The output of a properly designed load cell is linear, which simply means that if you were to 

graph the output while changing the load, it would look like a straight line. 

o  
 In a multiple load cell scale system, the cables of the load cells are joined together in a junction 

box.  Another cable exits the junction box and is connected to the indicator.  The terminology 
used to describe this setup is to say that the cells are 'summed' together in the junction box, but 
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that's misleading.  The load cell signals are not being added together, they are being averaged, 
because the cables are connected together in parallel.  Think of it as being similar to two 12Vdc 
batteries being hooked together in parallel - the resulting voltage reading is 12, not 24. 

o  
 

2-Point Scale System - Even Load: 
 Consider the example of a 10,000lb load placed on a platform in such a way that it is evenly 

distributed on two load cells.  Based on the graph above, we know that each cell will produce an 
output signal of 0.25mV/V @ 5,000lbs load. 

o  
 The load cell cables are joined together in a junction box, where the signals are averaged: 

o                           
           

 
           

 The calibration value of the indicator is adjusted so that when it sees an input signal of 
0.25mV/V it will display 10,000lbs. 
 

2-Point Scale System - Offset Load: 
 Next, consider the example of 10,000lbs load placed exactly on top of one of the cells so that 

the other cell sees no load at all.  The cell supporting all of the load will have an output signal of 
0.5mV/V @ 10,000lbs, while the other cell will have an output of 0.0mV/V @ 0lbs. 

o  
 The signals are averaged, and the resultant signal is sent to the indicator: 
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o                           
           

 
           

 The setup of the indicator doesn't change because the resultant signal being produced is still 
0.25mV/V @ 10,000lbs.  

 
2-Point Scale System - Negative Load: 
 Finally, consider the example of 10,000lbs load placed in a cantilevered position on the platform 

so that it is not above either load cell.  Intuitively, one can see that the platform wants to tip or 
pivot counterclockwise around one of the load cells (point A), and that it is going to pull up on 
the other load cell (point B). 

o  
 In order to determine the output signal of each load cell, we first must calculate the load being 

applied to them (FA and FB).  Because the platform is being held firmly in place and kept from 
rotating, we say that it is 'static', which makes the mathematics much easier.  A rotating or 
moving platform is 'dynamic', and would be a more difficult problem to solve. 

 The first step in determining the loads being applied to the cells is to calculate the 'Sum of the 
Moments' at points A and B.  A moment is nothing more than a torque, which is a force being 
applied some distance away from the point in question.  Because the platform is static, the sum 
of the moments is equal to zero - in other words, the torque trying to make the platform rotate 
counterclockwise is being balanced by an equal-and-opposite torque trying to make it rotate 
clockwise. 

o  
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 From the calculations above, we can see that the load being applied to load cell A is 20,000lbs, 
and the load applied to B is -10,000lbs (down is positive).  That means that the output of load 
cell A is 1.0mV/V @ 20,000lbs, and the output of B is -0.5mV/V @ 10,000lbs (being analog 
devices load cells are capable of producing negative output). 

 It should be noted that load cell A is being 'crunched' like a nut in a nutcracker, and is 
overloaded by twice its calibration value.  This would be called '100% overload' - the percentage 
refers to the load above and beyond the acceptable maximum capacity. 

 Once again, the signals are averaged in the junction box and sent to the indicator: 

o                           
              

 
           

 Even in this cantilevered loading condition, the indicator will still display 10,000lbs.  This works 
out well 'theoretically' on paper, but given the numerous factors that come into play in a scale 
system, it's hard to say how such a system would behave in real life. 

 
4-Point Scale System - Even Load: 

 A four point load cell scale system would behave exactly the same way as the two point system, 
with the exception that the load position has another degree of freedom that must be taken 
into account to determine the distribution.  One can see how a hopper full of grain or other 
'fluid' material could apply very different load values on each load cell in the system. 

o  
 The load cells signals are also averaged in the junction box and sent to the indicator in the same 

manner: 

o                           
                               

 
            

 What does change is the calibration value of the indicator, because now it needs to display 
10,000lbs when it sees a smaller 0.125mV/V signal. 

 
Summary: 
Understanding the natural characteristics of a single load cell can help one determine the correct 
behavior of a multi-point scale system. 
 

References: 
www.northstarloadcell.com 
 


	Edit - Nimbus Screenshot1
	Edit - Nimbus Screenshot3
	Edit - Nimbus Screenshot4
	Edit - Nimbus Screenshot5
	Edit - Nimbus Screenshot6
	Edit - Nimbus Screenshot7
	Edit - Nimbus Screenshot8
	9ab787_e097cc8130984c9f96d14a859ef676c6
	9ab787_6319ad5df41f4a129f629f7c3f1db601
	9ab787_e3b13905585b407186388496ae35cd41

