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Measuring Forces              

Force and Current limits on LCC 
 

The configuration file contains settings that limit the current and determine how the current values 

are represented.  The most important setting (which you should never change after loading the 

config file) is the Motor rated current. The Motor rated current is expressed in [mA]. All other 

currents and forces are related to the Motor rated current.  

The motor rated current is the current that the motor/actuator can maintain over long periods of 

time without becoming too hot (@ Tambient = 25oC, not enclosed) 

The Max force is given in per thousand of Motor rated current. In other words: if the Max force is 

3000, the maximum current to generate force will be 3 times the Motor rated current  

The Max current is also given in per thousand of Motor rated current. In other words: if the Max 

current is 3000, the maximum current to generate force will be 3 times the Motor rated current 

The Max force and the Max current have the same value in the config file. In a program you can use 

this by first setting the max current to a lower value for process purposes and reset it later to its 

original value by copying the max force value to the max current value.  

The Positive and Negative force limit can be used to provide an force/current limit that is 

asymmetrical around zero.  This can be useful if the actuator is vertical and the moving mass is 

creating a force downwards.  If you want to make a softland that is lower in force than the moving 

mass, these Positive and Negative force limits can be used to create this.  Note that in this case a 

force offset can help in improving position control. 

Example:   

Config file is loaded in controller; parameters are shown in tuning tab of SMAC control center 

 

This means that the maximum current through the motor is 479 mA * 4.833 = 2315 mA = 2.3 A. 

Currents above this value of 2.3 A will not be allowed by the controller. If it is required by the control 

loop it will be maximised to 2.3 A.  Note that the limit that is set with the lowest value will limit the 

current through the actuator.  
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Calculate Actuator Forces from LCC Currents 
 

In order to calculate the actual generated force of an actuator the following parameters must be 

known:  

 Motor rated current  [mA]  

 Measured Actual Current or Measured Actual Force [‰ of rated current] 

 Force constant of the actuator [N/A] 

 Friction Force and Gravity forces of moving mass. 

First step is to determine the measured current.  For this you need to multiply the measured actual 

current or the measured actual force with the motor rated current. Then you multiply this measured 

current with the force constant in order to know the force generated by the actuator.  Part of the 

force might be used to overcome friction if the force measurement is at a constant speed. Also the 

gravity forces of the moving mass can affect the actual force value that the actuator gives to your 

process under test. 

Note that the actual current and the actual force contain the same value. They might appear 

different if the moment of sampling is slightly different. 

Example: 

The Motor rated current can be found at the Tuning Tab of the Control Center: 

 
The actual current or actual force can be measured in the Run Programs Tab:  

  
The force constant can be found on the motor specification.  For this example we take a force 

constant of 30 N/A.  

We take the friction force to be 1N and the moving mass of the actuator plus what is mounted to the 

shaft is 500 gram (≈ 5 N)  

Assume the actuator shaft is moving with the shaft downwards onto an object . 

The actual force can be calculated by: 

Actual current through actuator = Motor rated current  *  Actual force 

Actual current through actuator = 479 * 1.016 = 487 mA 

The Force generated by the actuator = Actual current  * force constant   

The Force generated by the actuator =   0.487 * 30 =  14.6 N  

Since the actuator is helped by the moving mass gravity the force increases with 5N.  

Since the friction works against the movement the 1N needs to be reduced.  

This results in a force on the object = 14.6 + 5 -1 = 18.6 N 
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Force Accuracy 
 

The force calculated has a tolerance. This tolerance can be determined by taking the following 

factors in account. 

Friction noise 

The friction is not always and everywhere the same. The friction can vary from 0 to 1 N for most 

linear guides used in SMAC’s actuators. Note that this variation affects the accuracy only during 

motion. At stand still there will be no friction noise. 

Force constant accuracy 

The force constant can be is slightly different at different locations. Generally this differs not more 

than 5% over full stroke for any single pole actuator. The force can be slightly lower at the beginning 

and the end of stroke. At a single location the force constant is repeatable. Multipole actuators can 

vary more, ranging up to 3 N for an LCA50 or 2 N for an LCA25. This is called the force ripple of the 

multipole actuator. 

Accuracy of moving masses 

The moving mass can be measured exactly by weighing the moving mass. When the actuator is 

assembled this is not possible anymore. The best way of weighing moving mass is then to hold the 

moving part of the actuator vertically onto a scale, move it gradually (constant speed) up and down. 

You will get two different readings on the scale. The difference between the two readings is twice the 

friction; the average of the two readings is the moving mass.  

Measurement accuracy 

The current sensing system of the standard LCC controller has a resolution of 2mA for a single pole 

actuator and 10mA for a multipole actuator.   

If your single pole actuator has a force constant of 30N/A this results in a tolerance of   

0.002 * 30  = 0.06 N (6 gram).  

If your multipole actuator has the same force constant it would result in a tolerance of  

0.01 * 30 = 0.3N (30 gram). 

Calibrating a force at a certain position will take away all tolerances but the measurement accuracy. 

When moving through that position, the friction noise still needs to be accounted for. 


