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Abstract: This work examines the intrigues associated with the 

speed control of DC motor by nonlinear joint control of the 

voltage of the armature cum the field current in conjunction with 

the proportional integral controller. In the case of controlling the 

armature, the field current component is kept constant while the 

armature in contained with variable voltage. However, in the case 

of controlling the field, the voltage of the armature is kept 

constant while the field contends with a variable voltage. Both the 

field and the control of armature were used to acquire a DC motor 

speed control enhancement which offers a stability of the system. 

The proportional integral (PI) is for the purpose of extension for 

identification of better alternative. As consideration is given to the 

electrical, electromagnetic and the motional or mechanical 

arrangements, a model is developed for the separately excited DC 

motor (SEDM) which is mathematically analyzed. The 

originating models of the DC motor speed control schemes are 

simulated with the help of MATLAB/Simulink. The results 

obtained herein would be very useful for the control and process 

engineering oufits. 

 
Keywords: Armature control, DC motor, Field control, PI 

controller, Speed control, 

I. INTRODUCTION 

The DC motor consists mainly of windings mounted on the 

rotor referred to as armature and the static windings referred 

to as the field poles. Virtually in all DC motors, except 

permanent magnet brushless motors, current movement is via 

the carbon brushes towards the armature .This is enabled by 

the sliding action of set of copper surfaces on the rotor end in 

a commutation process.  

The armature coils hold the soldered commutator bars. 

Depending on the rotor position, the brush with commutator 

arrangement gives rise to sliding switch which makes some 

certain armature parts to be energized. The resulting 

development introduces north magnetic pole and south 

magnetic pole on the rotor. These however initiate attraction 

to or repulsion the by north and south poles on the stator, that 
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originated from the passage of direct current through 

windings of the field. From this, the rotor starts to rotate, 

action which emanates from the magnetic attraction and 

repulsion. A very good advantage of DC motors has to be in 

the control of the speed. Noting that the speed and the 

armature voltage are in direct relationship although varies 

inversely proportional with the produced magnetic flux by the 

poles, attempts to regulate the armature voltage and/or the 

field current would for sure alter the value of the speed of 

rotor. This day, variable frequency drives has the capability of 

providing accurate speed control for alternating current 

motors, however, this is done at the expense of power quality, 

because the solid-state switching chips of the drives are highly 

associated with harmonic spectrum. The DC motor according 

to [1] rules out such effects on the quality of power. DC 

motors are of great importance and so, it is being employed in 

many applications including and not limited to electric trains, 

cranes, robotics manipulators and in vehicular forms. They 

need speed regulation to accomplish their tasks. Primarily DC 

motor speed control has been achieved by voltage regulation. 

Semiconductors in like manners have been used as switching 

devices to regulate speed as in these examples- MOSFET, 

IGBT and GTO. It has taken long that DC motors are used as 

adjustable speed machines with different degrees of 

operational options manifesting. Due process applications 

require that, the motor is to be accurately controlled to give 

the anticipated performance. Different types of control or 

regulating approaches like proportional (P), proportional 

integral (PI), proportional integral derivative (PID), adaptive 

and fuzzy logic controller (FLC) are already in use for the 

control of speed of DC motors [2]. In this work, PI control 

will be employed; To remove the steady state error due to P 

controller, the PI controller is usually applied. In this manner, 

integral increases the response of the system to a given error 

over time until it is corrected. Mostly PI controllers are used 

in industries because; the noise producing derivative action is 

neglected [3]. As long as variable speed drive of wide range 

operation is specified, DC motor will always be the most 

common select. Of the three DC motors types: series, shunt 

and separately excited DC motors, the latter are most often 

used. When the armature voltage and the field voltage are 

varied, different speeds result. An outstanding characteristic 

of separately excited DC motor arrangement is its capability 

to, at low operation speed yield high starting torque. The 

conventional cascade PID technique is commonly used in DC 

motor speed cum position control; it doesn’t suite cases of 

high performance, owing to low strength of PID controller.  
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Several researches are ongoing on different new control 

strategies in order to improve the performance of the system. 

This work majorly aims at a way to estimate and control the 

speed of DC motor with the use of combine armature and field 

control using MATLAB application.  Its specific objectives 

are to examine the DC motor speed control using combine 

armature and field control and to decide the performance 

following the result of the simulation.  

The main purpose of speed control is for the fact that there are 

several case abound like in robotics where there is the quest to 

vary the speed of motor because it cannot perform effectively 

unless there is a precise way in which the speed is regulated. 

We can, in DC motor adjust the speed well below and above 

the rated speed. This can be done either field current control 

method or by armature voltage control method. The studies on 

DC motor speed control using combine armature and field 

control helps towards high performance motor drives at 

reduced operation speed is of immense importance in the 

industries. The controller will have the effect of increasing the 

stability of the system and reducing the overshoot and 

improve the speed response. As the age of motor increases, its 

performance also decreases with aging, so it is of important to 

evaluate the performance of motor from time to time for 

efficient operation as imagined in the armature current cum 

field flux interface in the rotor to produce torque [4]. The 

scopes of this work included and not limited to the 

investigation of armature and field currents that are used in 

estimating and controlling techniques in the simulation. DC 

motor speed control can be controlled below and above the 

rated speed by using field current and armature voltage 

control techniques. By the use of field control, the case of 

speed control above the rated speed is achieved while as you 

vary the armature voltage the case of below the rated speed 

applies. It also looked at the mathematical modeling and 

computer simulation [5] so as to unveil the performance 

capabilities of the motor. Here, PI controller is designed to 

supervise and control the speed response of the DC motor 

while Matlab is used for simulation.  

II. LITERATURE SURVEY 

The importance of DC motors and its use in many 

applications and industrial fields cannot be over emphasized. 

Its simplicity; simplicity of use, reliability and favorable cost 

is considered a mainstay of their use in the industry. Due to 

these features, DC motors are used widely in variable speed 

drives and in applications requiring position control. Its 

characterizing feature of high torque provision as load 

sustainable property is a property that is very much reckoned 

with DC motor. The speed is directly proportional to the 

armature voltage and inversely proportional to the field 

current. According to [6], in armature control, it is feasible to 

obtain steady base speed up to the rated throughout the range 

of the load. Although, taking field control for instance, the full 

percentage steady base speed up to additional 20% - 30% 

rated is feasible, it has attendant loss of the torque developed 

by the motor. This has therefore prompted many researchers 

to be focused most on combining the armature and field 

control to get the benefit of both. The DC motor principle and 

the processes of  speed regulation using armature control 

approach, methods of field control and that of instant stopping 

of the DC series motor in times of emergency were described 

in [1,7]. The field current is held constant in the case of 

armature control scheme and variable voltage is applied to the 

armature. The armature voltage is held constant in the case of 

field control mode, and a variable voltage is applied to the 

field. A requirement of the speed variation of series motor 

using armature control method is that the armature terminals 

should have voltage applied to it, changed; this is done with 

the field current remaining constant. In the scheme requiring 

control of the field, field is weakened and strengthened as is 

required. One of the main ideas behind this paper is to make 

easy the derived understanding, on how the desired controls 

can be effectively achieved. According to [4,7], efficiency 

value associated with combined armature voltage and field 

current control of Separately excited DC motor is 1.02 % 

more than that of armature control of separately excited DC 

motor at full load torque condition. Continuing that at half 

load state the efficiency of combined armature and field 

control of DC motor is increased by 1.89 % greater than the 

armature voltage control of DC motor. The change in load 

torque condition does not affect the speed of separately 

excited DC motor since is controlled. In [6-8], Fuzzy logic 

controller was used as an intelligent control method to decide 

how much the DC motor depends on the armature circuit or on 

the field circuit to yield the requisite speed. The FLC decision 

should be valid for the whole range of the load torque in a way 

that increases the motor efficiency. Vijay Singh et al [9] tested 

and evaluated how the DC motor with conventional controller 

like PID controller performed and the results have been 

likened to that of fuzzy based PID controller. On comparism 

to conventional controller they found that Fuzzy based PID 

controller gives enhanced speed feedback, however, 

conventional controller gives enhanced speed response when 

load is changed at the expense of long settling time. The 

above cases were verified in Matlab/Simulink environment. A 

lot of other literatures [10-17] have shared one or more 

common features with this work. Herein, the combined field 

and armature control systems have been considered and 

worked upon using Matlab/Simulink. Open and closed loop 

systems were compared to show the effect of PI controller on 

the stability of a system.  

III. METHODOLOGY 

3.1 CONTROLLER DESIGN 

 The amplitude of voltage to be applied is what controls the 

speed of the motor. The pulse width modulation scheme is 

used to regulate the applied voltage magnitude with the 

desired speed being regulated by a speed controller that has 

been realized as a conventional PI controller. What goes in to 

the PI controller is obtained by considering differential 

variance between the real or actual speed as compared to the 

desired speeds. 
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 It is with the same result of different that the desired DC bus 

current can be obtained. The desired DC bus current is 

regulated using a current controller that is realized as a 

conventional PI controller. The result of actual minus DC bus 

current has to be the input that will be fed to the PI controller 

which invariably makes use of the difference to control the 

duty cycle of the pulse width modulation pulses that 

eventually tallies with the voltage amplitude needed to sustain 

the needed speed. In this task, a PI speed controller is 

considered. The PI controller is standard and has over the 

time demonstrated to be a way out for use and application in 

the industry. An absolute gain derivable remains its 

comparatively modest structure, that enables for easy 

understanding and implementation, and which allows the 

other classy control schemes, like model predictive control, to 

have it as a base. A highly variable system needed different PI 

gains when compared to a system which wallows in a constant 

speed. Moreover, technology- driven tools which dwell over 

wide range of speeds, need different gains at the smaller and 

higher ends of the speed range so as to avoid overshoots and 

oscillations. In General terms, regulating the proportional and 

integral constants for a large speed control course is dear and 

does not save time. The duty is made hectic and unbearable if 

one encounters where false PI constants are occasionally 

allowed in as a result of system ignorance. The values of 

proportional constant ( ) and Integral constant ( ) are 

gotten by calculations and they are 1.19 and 1.812 

respectively for this case. 

3.2 MATHEMATICAL MODEL OF THE 

SEPARATELY EXCITED DC MOTOR 

 When a Separately Excited DC motor is exhilarated by a field 

current of  and armature current of  flows in a circuit, the 

motor develops a back EMF and a torque to balance the load 

torque at a particular speed. The  is independent of . Each 

winding has a separate supply. Produced torque is the result of 

the interaction of field flux and armature current at rotor side. 

 
Fig. 1: Separately Excited DC Motor model 

 

From the armature windings, we have the following equation 

using KVL. 

Where;                                                     (1) 

From the field winding, we have that; 

 
The mechanical equation of the motor is given as 

 

 

Hence, to create the model, we make               

 subject in equation (1) through (3) i.e 

 

 

 

 
Where; moment of inertia, =speed of motor in 

radian/seconds; viscous coefficient, =field voltage, 

=Load torque, =field current, =motor or electrical 

torque, =Armature current, =back emf of the motor 

=motor constant, =Armature voltage. 

3.3 TRANSFER FUNCTION OF 

ARMATURE-CONTROLLED SEPERATELY 

EXCITED DC MOTOR 

From KVL, 

                                   (9) 

                                       (10) 

                                                       (11) 

. 

                                                          (12) 

Taking Laplace transform of equation (9)  

 

 
 ]                                    (13) 

From equation (10), 

 

                                                     (14) 

From equation (12), 

                                                        (15) 

From equation (11), 

          

                                                     (16) 

 

Equation (13) through (16) can be represented with block 

diagram as shown in Figure 3.2. 

  

                                
Fig. 2: Transfer function of a separately excited DC 

motor 

  

The above block diagram can be reduced further to the form 

below by letting =0, the equivalent transfer function can be 

obtained as shown below; 
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Fig. 3: Simplified diagram of transfer function of a 

separately excited DC motor 

 

Considering the motor as a first-order module i.e . 

 
Divide through by ; 

 
Let  and 

 

Thus, we have the transfer function as; 

 

 

.                                                                                      

 

 

 

 

Figure 4: DC motor transfer function 

 

 PI (Proportional Integral controller) is added to the above 

system to control the speed of the motor. 

 

.                                                                                                           .wm 

 

 

                                                                  

 

 

 

                                      Feedback gain 

 

 

 

Fig. 5: Proportional Integral controller 

 

Hence, we have. 

   forward transfer function. 

The transfer function with feedback gives, 

 

 
This should be compared with the standard second-order 

equations i.e 

  i.e 

 

 

By choosing a damping coefficient ξ=0.57, and settling time 

to be 1.5sec, we can calculate for the value of . 

Also, for under damped system  ξ<1  

3.4 CALCULATIONS 

  and =1.5sec.  

. 

 
From equation (17), 

 

 

 
From equation (18), 

 

 
Hence, we have  

The PI controller can be designed as shown in Figure 6.  

 

                                              + 

 

       

 

 

                                  

            

 

Fig. 6: Subsystem of a PI Controller 

 

3.5 Parameters for the DC motor simulation 

Parameter Value Parameter Value 

 

2 ohms 
 

0.001  

 

16.2microHenry 
 

50N.m 

 

180 ohms 
 

0.699 

 

71.47 Henry 
 

220V 

 

0.117  
 

300V 

 

3.6 SIMULATIONS OF SPEED CONTROL OF 

SEPARATELY EXCITED DC MOTOR USING 

COMBINE ARMATURE AND FIELD CONTROL 

The Simulink model which is for the open-loop 

characteristics of the motor is displayed in Figure 7. 

 

 

 

 

 

 
+ 

 

2 
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Fig. 7:  Simulink model for separately excited DC motor. 

 

 The Simulink model shown in Figure 8 is for the closed-loop 

characteristics of the motor using a PI controller. 

 

 
Fig. 8:  Model for close-loop of a separately excited DC 

using a PI controller. 

 

 
Fig. 9: Simulink model of PI controller. 

IV. RESULTS AND DISCUSSIONS 

4.1 SIMULATION RESULTS OF THE OPEN LOOP 

SYSTEM 

The graphs below give the no-load behavior of the separately 

excited dc motor. 

 
Fig. 10: Graph of armature current (A) on no-load 

 
Fig. 11: Graph of field current (A) on no-load 

 
Fig. 12: Graph of motor speed (rad/sec) on no-load 

 

The graphs below give the behavior of the separately excited 

dc motor when loaded with a load torque of 50N/m. 

 
Fig. 13: Armature current (A) when loaded with a load 

torque of 50N/m 

 
Fig. 14: Motor speed(rad/sec) when loaded with a load 

torque of 50N/m 
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Fig. 15:  Motor torque (N/m) when loaded with a load of 

50N/m. 

4.2 SIMULATION RESULTS OF THE CLOSED LOOP 

SYSTEM 

 
Fig. 16: Graph of armature current (A) on no-load 

 

 
Fig.17: Graph of field current (A) on no-load 

 

 
Fig. 18: Graph of the speed (Rpm) of the motor with a PI 

control. 

 
Fig. 19:  Graph of the armature current (A) of the motor 

on closed loop control. 

 
Fig. 20: Graph of the motor torque on closed loop control. 

 

 
Fig. 21: Graph of the motor field current on closed loop 

control. 

 

 
Fig. 22:  Graph of the motor on closed loop control. 

4.3 DISCUSSION OF RESULTS 

From the graphs above, it can be deduced that when the motor 

is on sudden change of load, the speed decreased for a little 

while and started increasing from 6secs till it became constant 

at 8secs when the error is zero. During this duration, the 

torque of the motor increases steadily and was constant at 

8secs as well when the error is zero, the armature current also 

increases as well due to increase in torque since the armature 

current has a linear relationship with torque and the speed is 

inversely proportional to the torque of the motor. The field 

current is always constant since we have kept it fixed; we only 

have control over the armature current. Comparing the results 

obtained both from open and close loop control system, it is 

observed that with the open loop, the speed was decreasing 

with time as more load is added but with the closed loop 

system, the speed decreased the moment load was added and 

rise to stability within a short second as a result of the PI 

controller. 

V. CONCLUSION 

It can be established that the major aim of this project which is 

the Control of DC motor Speed has been achieved.  
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Considering the closed loop analysis using PI controller, it 

can be seen that the speed of the motor can be controlled and 

cannot be affected by change in load. Proportional Integral 

Controller has helped in controlling and maintaining the 

constant speeds at a reduced percentage overshoot and rise 

time. Since the issue of system and process control cannot be 

overemphasized, it therefore means that works directed 

towards such areas should be given a due attention both for 

immediate use and further improvement.  
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