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Abstract---Uses of D.C. Motor have been varied, and have 

been used for several decades. With the revolution in 

Modeling and Simulation techniques, most of the concepts 

don't need to be made on hardware, without testing their 

feasibility on software. Motors need to be controlled using 

controller for faster performance, like Hard-disk drives, or 

electric vehicles, and the output speeds need to be perfect. 

A small variation in speeds can lead to irreparable 

damages. So, here we discuss close loop control and PID 

control of separately excited DC Motors. Separately 

excited DC Motors have themselves been designed, so that, 

a generic model can be presented, which can be changed as 

per needs and constructions of actual motors used in 

practice. 
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I. INTRODUCTION 

The electrical energy field will be divided into three areas: 

Electronics, Power and Control. Electronics deals with the 

study of semiconductor devices and circuits at lower power. 

Power involves generation, transmission and distribution of 

electrical energy. The electric motors are widely used in the 

modern machine tools and robots. These motors require 

automatic control of their main parameters such as speed, 

position, acceleration etc [1]. 

The development of high performance motor drives 

is very important in industrial as well as other purpose 

applications. Generally, a high performance motor drive 

system must have good dynamic speed command tracking 

and load regulating response. The dc motors are used in 

various applications such as defence, industries, Robotics 

etc. DC drives, because of their simplicity, ease of 

application, reliability and favourable cost have long been a 

backbone of industrial applications. DC motors are in 

general much more adaptable to adjustable speed drives than 

AC motors. DC motors used as adjustable speed machines 

and a wide range of options have evolved for this purpose. 

In these applications, the motor should be precisely 

controlled to give the desired performance [2]. Many 

varieties of control schemes like proportional (P), 

proportional integral (PI), proportional derivation integral 

(PID), adaptive, and FLCs, have been developed for speed 

control of dc motors. 

II. SEPARATELY EXCITED DC MOTOR 

SEDCM like other DC motors, have stator and rotor. In 

this motor, separate supply sources are provided for 

excitation of both field coil and armature coil. The 

equivalent circuit of the separately exited dc machine 

can be represented in schematic from as shown in Fig. 

1. 

 
Fig. 1: Equivalent circuit of separately excited DC 

motor [4] 

Table 1: Symbols, Designations and Units 

Symbols  Designation  Units  

Va  Armature voltage volt 

Eb  Back emf the motor volt 

ia Armature current ampere 

Ra  Armature resistance ohm 

La  Armature inductance henry 

Vf Field voltage volt 

if Filed current ampere 

Rf Field resistant ohm 

    Motor output torque N.m 

Tm  Mechanical torque 

developed 

N.m  

Jm  Moment of inertia kg/m² 

Bm  Friction coefficient of 

the motor 

N.m/ 

(rad/sec) 

ωm  Motor output speed  rad/sec  

We know that the expression of speed control 

dc motor is given as, 

 

N= 
    

   
  
      

 
 = K 

      

 
       (1)  

From above equation we can say that, the 

speed of DC motor can be varied by changing: terminal 

voltage of the armature (V), external resistance in 

armature circuit (R) and flux per pole (φ). Thus speed 

control of dc motor is classified as: armature control 

and field control. 

In armature voltage control field current 

remains constant and armature voltage has been varied. 

Here, constant field current is obtained from separately 

exciting the field from a fixed DC source. Therefore, 

flux (φ) produced by field current becomes essentially 

constant. So armature control is ideal for speed lower 

then rated speed while, field control is suitable for 

speed above the nominal speed [3]. 

A. Mathematical Model: The electrical equation of a 

separately excited DC motor is derived from the circuit 

illustrated in Fig.1. The dynamic equation of a motor is 

given by: 

           
   

  
      (2) 

            
   

  
    (3) 

Te = KT ia    (4) 
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Fig. 2: Block model of separately excited DC motor 

B. Simulink Model: Mathematical model expressed by 

equations (2 7) can be presented by MATLAB 

8.0.0.783 (R2012b) model in Simulink version 8.0. The 

model of SEDCM in simulink is shown in Fig. 3. 

 
Fig. 3: Simulink model of SEDCM 

Table. 2: Parameters of SEDCM 

Rated power 3.73kw 

Rated speed 157.07rad/sec 

Rated voltage 200V 

Armature resistance 8.8𝞨 

Armature inductance 38mH 

Back emf constant 1.18Nm/A
2
 

Mechanical inertia 1.7851kgm
2
 

Friction coefficient 0.01313kgm
2
/sec 

C. Result: 

 
Fig. 4: Speed vs. time response of SEDCM 

III. SIMULINK MODEL OF PID CONTROLLER 

The proportional – integral – derivative (PID) controller 

is most widely used in control world. It has been 

reported that more than 95% of the controllers in the 

industrial process control applications are of PID type 

as no other controller match the simplicity, clear 

functionality, applicability and ease of use offered by 

the PID controller [5], [6]. PID controllers provide 

robust and reliable performance for most systems if the 

PID parameters are tuned properly [7]. 

The proportional – integral – derivative (PID) 

controller calculates “error” value, the difference 

between a measured process variable and desired set-

point. Simply, this controller attempts to minimize error 

in output by adjusting process control input. By tuning 

the three constant in PID controller algorithm, the 

controller can provide control action designed for 

specific process requirement [10]. There are various 

methods are available for the tuning of PID controller. 

But for convenience purpose trial and error method is 

generally used.  

 
Fig. 5: Block diagram of PID controller [4] 

A. Simulink Model: 

 
Fig. 6:  Simulink model of SEDCM with PID controller 

B. Result: 

 
(a) at no load (TL=0) (b) at TL =2 Nm 

 
(c) at TL =4 Nm  (d) at TL =6 Nm 

(e) at TL =8 Nm  (f) at TL =10 Nm 

Fig. 7: Speed vs. time response of SEDCM with PID 

controller at different torque loads 

IV. CONCLUSION 

Modelling of separately excited DC motor has been 

studied in MATLAB by considering equations for 

making generic model. The basics of PID controller and 

its responses at different torque loads also have been 

studied and it is concluded that PID controller can 

control the speed at different torque loads. PID 

controller has many advantages over other controllers. 

From simulation results it is concluded that dynamic 

response of SEDCM improves. We can also get 

different responses by adjusting the values of PID 

parameters. From comparing simulation results of close 

loop SEDCM and SEDCM with PID control it is 
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concluded that speed control can be easily control by 

PID control rather than only close loop control. 

V. FUTURE SCOPE 

Software based model of separately excited DC motor 

can also be implemented with PID controller in 

hardware base. Speed of SEDCM can also be controlled 

by AI techniques like fuzzy logic, neural network 

(ANN), and genetic algorithm (GA). The parameters of 

PID controller can also be tuned by AI techniques. 
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