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Abstract—Direct current (DC) motors are widely used in 

many industrial applications such as electric vehicles, electric 

cranes, and robotic manipulators due to precise, wide, simple, 

and continuous control characteristics. So it is necessary for 

students to learn at least the basics of modeling and controlling of 

such widely used components. (Abstract) 
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I.  INTRODUCTION 

Direct current (DC) motors are widely used in many 
industrial applications such as electric vehicles, electric cranes, 
and robotic manipulators due to precise, wide, simple, and 
continuous control characteristics. So it is necessary for 
students to learn at least the basics of modeling and controlling 
of such widely used components. For this we require a tool 
with which we can not only simulate but validate our 
controllers on real hardware [1][2].  

In this paper we will demonstrate the speed control of a DC 
motor. The method we describe will include the mathematical 
model of the DC motor for which we will know some of the 
parameters and using system identification we will estimate the 
remaining ones. After the model has been estimated a 
controller can be implemented as desired. 

II. HARDWARE 

The block diagram of thehardware we used can be seen on 
Fig. 1.  

 

Fig. 1. The experimental hardware. 

The hardware we use consists of a sensor, an actuator, a 
driving circuit and a controller. The sensor is an AS5145 type 
12 bit programmable rotary magnetic encoder with which we 
can communicate via SPI or analogue the schematic for the 
sensor can be seen on Fig. 2. 

 

Fig. 2. The sensor circuit. 

The actuator is an escap22 type DC motor (Fig. 3), the 
controller is a National Instruments myRIO (Fig. 4). The 
driving circuit can be seen on Fig. 5. 

 

Fig. 3. The actuator. 

 

Fig. 4. The controller. 
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Fig. 5. The driving circuit. 

It is made up of a Darlington transistor driven by an OP 
amp in a negative feedback loop. The output voltage can be 
adjusted between 0 and 5 volts. 

III. MATHEMATICAL MODEL OF MOTOR 

 

Fig. 6. Block diagram of motor. 

We assume the motor is built up as shown on Fig. 6. Where  

 v – voltage difference between v+ and v- in V 

 i – current flowing through the motor in A 

 R – resistance of the motor in Ω 

 L – inductance of the motor in H 

 K – constant of proportionality in V/rad/s 

 J – inertia in kgm
2
 

 b – rotational dampening constant Nms/rad 

  ̇ – rotor speed in rad/s 

from which we can derive equation Newton‘s moment law 
(1) and Kirchoff‘s voltage law (2). 

  
   

   
  

  

  
        

  
  

  
       

  

  
     

Knowing equation (1) and (2) we can apply the Laplace 
transform to them. By expressing the current we can substitute 
(1) in (2) and express the transfer function of the motor (3) 
where the voltage is the input and rotor speed is the output. 
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Since we are using system identification this gives us an 
estimation of the orders for the numerator and denominator of 
the transfer function.  

To measure the response of the motor we have written a 
program running on the FPGA of the myRIO controller. This 
task runs periodically every 400 µs. Subtracting from the angle 
value of the previous cycle and dividing the result with the 
elapsed time we can calculate the rotor speed. We can see from 
(3) that the transfer function has a 0th order nominator and a 
2nd order denominator, since we know what form the transfer 
function should be we can set the orders in LabVIEW. Fig. 7 
shows the results of the step response of the actuator. In red we 
see the system identification approximation with a 0th order 
numerator and 2

nd
 order denominator. 

 

Fig. 7. System identification results. 

The results of the system identification show that the 
transfer function has the values shown in (4). 
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IV. IMPLEMENTING THE CONTROLLER 

Now that we have estimated the model and the parameters 
of the system we can implement a controller. The controller 
has been implemented on the myRIO as a top level VI. In this 
example we will use a simple PD controller. Fig. 8 shows the 
feedback loop for the control. 

 

Fig. 8. Feedback loop. 

From here on the students can set their own values for KP, 
KD and view the results. To achieve a desired result we used 
KP=0.991 and KD=0.01. 



24 

 

Fig. 9. Results of the control KP=0.991, KD=0.01. 

Fig. 9 shows the results with the described parameters. 

V. CONCLUSION 

The results show that this experimental system can be used 
as a low cost classroom demonstration aid to not only simulate 
but also validate controllers and their performance. It can also 
be used to implement more complex controllers such as ones 

using artificial neural networks or sliding mode control [3][4] 
and ones with different systems [5]. 
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