
International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 21, Issue 01 

Publishing Month: February 2015 

An Indexed and Referred Journal 

ISSN (Online): 2320-6608 

www.ijeam.com 

 

IJEAM 

www.ijeam.com 

25 

 

A New Approach of Controlling a Brushless DC Motor 

using Root Locus 

Rihab Gafar AbdALLA1 and Mohammed A. A. Elmaleeh2 

 
1Post graduate Studies, Control Engineering Department, Faculty of Engineering, ALNeelain University, Khartoum, 

Sudan 

rereasal@hotmail.com 
 

2Computer Engineering Department, Faculty of Engineering, ALNeelain University, 

Khartoum, 12702, Sudan 

maleeh_mowafug@yahoo.com 
 

Abstract 
This paper studies the design of a dedicated control system 

to control the speed of a brushless DC motor based on the 

lead compensation technique. The control mechanism is 

used to control and adjust the desired speed of the motor by 

rising up the damping ratio of the controller and applying 

appropriate compensation to remove the effects of any 

disturbances or noise that may accompany the system. To 

design the proposed system, the motion equations of the 

motor were derived, and the transfer functions of the DC 

motor, the controller and the compensator were derived. 

The proposed control system is designed. MATLAB R2012 

SIMULINK blocks were used to develop the code and 

simulating the system. The results obtained are found in 

good agreements with those cited in the state of arts.  

Keywords: DC Motor, Root Locus, State Space. 

I. Introduction 

The motor is and electrical device that converts the 

electrical energy into mechanical energy. Its action is 

based on principle that when a current-carrying 

conductor is placed in a magnetic field, it experiences 

a mechanical Left-hand Rule. Motors are classified as 

either direct current (DC)  or alternating current (AC) 

depending on the type of power they use. DC motors 

have speed-control capability, which means that the 

speed, torque, and even direction of rotation can be 

changed at any time to meet new conditions. Also, a 

smaller DC motors commonly operate at lower 

voltage levels [1-2]. 

The modern DC motor under thyristor control and 

with sophisticated protection continues to provide 

very sound industrial variable-speed drive 

performance. In many demanding applications, such 

as high-performance test rigs and for the higher 

kilowatt ratings of drives for the printing and paper 

industries, for high-speed passenger lifts and drives 

subject to high transient loading in the metal and 

plastics industries, the DC motor with thyristor 

control is likely to be used for some considerable 

time, particularly in refurbishment programs where a 

DC motor already exists. The task facing the AC 

drive in completely ousting its DC competitor is 

formidable [3].  

In the case of speed control, armature voltage 

control and flux control methods are available. The 

voltage control can be from a variable voltage source 

like Ward-Leonard arrangement or by the use of 

series armature resistance. Unlike the starting 

conditions the series resistance has to be in the circuit 

throughout in the case of speed control. That means 

Considerable energy is lost in these resistors. Further 

these resistors must be adequately cooled for 

continuous operation. The variable voltage source on 

the other hand gives the motor the voltage just 

needed by it and the losses in the control gear is a 

minimum. This method is commonly used when the 

speed ratio required is large, as also the power rating. 

Field control or flux control is also used for speed 

control purposes.  

Normally field weakening is used. This causes 

operation at higher speeds than the nominal speed. 

Strengthening the field has little scope for speed 

control as the machines are already in state of 

saturation and large field is needed for small increase 
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in the flux. Even though flux weakening gives higher 

speeds of operation it reduces the torque produced by 

the machine for a given armature current and hence 

the power delivered does not increase at any armature 

current. The machine is said to be in constant power 

mode under field weakening mode of control. Above 

the nominal speed of operation, constant flux mode 

with increased applied voltage can be used; but this is 

never done as the stress on the commutator insulation 

increases [4].  

One of the main problems in control systems is the 

design of an appropriate controller capable of shifting 

the poles of the open-loop system to new desired 

closed-loop pole positions in the complex plane. In 

its simplest form, such a controller is a gain constant 

K of an amplifier connected in series with the 

system’s open loop transfer function. Changing the 

value of the constant K, from _1 and 1, results in 

shifting the poles of the closed-loop system in the 

complex plane. Specifically, the locus of the roots of 

the closed-loop system characteristic polynomial, 

which is formed in the s-plane as K varies [5]. 

II. Modeling system 

A common actuator in control systems is the DC 

motor. It directly provides rotary motion and, coupled 

with wheels or drums and cables, can provide 

translational motion. The electric equivalent circuit of 

the armature and the free-body diagram of the rotor 

are shown in Figure1.  

 
 

Figure 1: The  DC Motor Configuration [5] 

 

For this system, its assumed that the input of the 

system is the voltage source (V) applied to the 

motor's armature, while the output is the rotational 

speed of the shaft d(theta)/dt. The rotor and shaft are 

assumed to be rigid. Its further assumed that the 

viscous friction model, that is, the friction torque is 

proportional to shaft angular velocity.  

III. System equations 

In general, the torque generated by a DC motor is 

proportional to the armature current and the strength 

of the magnetic field. In this system the current i will 

assume that the magnetic field is constant and, 

therefore, that the motor torque is proportional to 

only the armature current i by a constant factor Kt as 

shown in the equation 1. This is referred to as an 

armature-controlled motor [5].  
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The back electromotive force (emf), e, is proportional to the angular velocity of the shaft by a constant factor Ke 

such that:  

                                                                                           
In SI units, the motor torque and the back emf constants are equal, that is,  

                                                                                          
Therefore, K is used to represent both the motor torque and the back emf constants.  

From the Figure 1 the following governing equations could be derived based on Newton's second Law and 

Kirchhoff's voltage Law [5]. 

                                                                           (4) 

 
  

  
                                                                           

Where the system parameter is:  

J      Moment of inertia of the rotor      

b      Motor viscous friction constant     

Ke    Electromotive force constant       

Kt    Motor torque constant          

R      Electric resistance                 

L      Electric inductance                 

        Rotational speed 

IV. Transfer Functions 

By applying the Laplace transform, the above modeling equations can be expressed in terms of the Laplace 

variable s as follows.  

                                                                          

                                                                        
By eliminating I(s) between the two from equations (6) and (7) equation (8) representing the open loop transfer is 

obtained. The rotational speed is considered as the output and the armature voltage is considered as the input.  
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V. State Space 

In state-space forming the governing equations above can be expressed by choosing the rotational speed and 

electric current as the state variables. Again the armature voltage is treated as the input and the rotational speed is 

chosen as the output.  
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VI. Design requirements 

For 1-rad/sec step reference, the design criteria are assumed as follows: 

 Settling time less than 2 seconds 

 Overshoot less than 5% 

 Steady-state error less than 1% 

 Rise time less than 1second. 

 

VII. Design of DC Motor Speed Controller 

 

The block diagram of a typical unity feedback system is shown Figure2:      

                                                                                

  

    

 

 

 

                              

Figure2. Block Digram of the System 
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The controller instullation can be done using 

different mathods. The main idea of root locus design 

is to prophesy the closed-loop response from the root 

locus plot which describes the possible closed-loop 

pole locations and is drawn from the open-loop 

transfer function. Then by adding zeros and/or poles 

via the controller, the root locus can be modified in 

order to achieve a desired closed-loop response. In 

this paper the root locus method is to control the 

speed in of a DC motor. 

The roots of the closed-loop characteristic 

equations are obtained using graphical-user interface 

(GUI) within Mat Lab named SISO Design Tool, 

designated for the controller design using root locus 

technique.  At the beginning, a designer can pick one 

of the feedback control system structures, and import 

transfer functions from Mat lab's workspace.  From 

equation (8) if the following parameter values were 

chosen: 

 

    
     

    
 

 

               
 
       

 
             

 

k     = (the gain)    10 

J  =    0.01 kg.m^2 

b  =    0.1 N.m.s 

R  =    1  Ohm 

L  =    0.5 H 

Then the value of P(s) becomes:  

 

     
  

                
                                                   

 

 

The root locus and the closed-loop step response plot of the system equation is shown in Figure 3. 
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Figure 3. Root Locus and the Closed-Loop Step Response Blot of the System 

VIII. Lead Compensation 

Compensators are used to alter the response of a 

control system in order to accommodate the set 

design criteria. Lead compensation alters the transient 

response of systems, where the zero is less than the 

pole, that is, it is closer to the imaginary axis in the 

complex plane the compensator is represented by 

equation 13.   

           
   

   
                                                                                                    

In order to observe the effect of moving the pole of 

the lead compensator, different numerical values may 

be entered under the Compensator Editor tab. Any 

changes in the compensator here will be reflected in 

the root locus plot. Alternatively, the compensator 

can be graphically tuned directly from the root locus 

plot. Specifically, if it is clicked on the open-loop 

pole at -3 (marked by a red x) then it possible to slide 

the pole along the real axis and observe how the root 

locus plot changes. As the pole is moved to the left, 

the root locus gets pulled farther to the left (and 

further into our desired region). Then by clicking the 

Show Analysis Plot button a window entitled LTI 

Viewer for SISO Design Task displaying the system's 

closed-loop step response will open. As it is possible 

to identify some characteristics of the step response, 

by right-click on the Figure 4 and under 

Characteristics choose Settling Time, and repeating 

for Rise Time. 
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Figure 4.  SISO Design for the System 

 

 
Lead compensator value I obtained from the SISO design is: 

 

      
                        

          
 

 
The system response is shown in Figure 5. 
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Figure 5. Closed-Loop Step Response of the System 

IX. Simulation Results 

The simulations are implemented using MATLAB R2012 perimeter and the results obtained are shown in figure 6 

and 7. 

 
Figure 6.  Simulink Block Diagram of the proposed System 
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Figure [7]: Step Response of the proposed System 

  

X. Conclusion 

In this paper the lead compensator control 

mechanism is designed to control the speed of a 

brushless DC motor. The designed parameter values 

of the compensator successfully control the motor 

speed.  The results indicate the capability of the 

proposed technique to control the motor at a constant 

speed.  These results obtained are foul in a good 

agreement with those cited in the state of arts. 
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