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Abstract- This research investigates the use of 

dynamic simulations approach for full-wave control 

of a Separately Excited DC motor (SEDCM). The 

simulation considers the use of rectifier bridge 

circuit and employing the MATLAB/SIMULINK 

modeling and software development environment. 

The research specifically investigates the impact of 

various load torque on the SEDCM armature 

voltage, current, motor speed and firing angle. The 

results of simulation studies show that increasing the 

load torque leads to corresponding increases in 

armature voltage and current. But the firing angle is 

decreased as well. The results therefore demonstrates 

the direct and inverse relation property of SEDCM to 

armature current and the firing angles respectively. 

 

I. INTRODUCTION 

 

The DC motor is one of the most powerful and 

versatile machines in the modern day industry that 

serves the control needs of a broad range of electrical 

power products such as air-conditioning, servo-control 

and certain small power traction services. Its 

importance lies in the simplicity of its energy source – 

operating strictly on a DC source means it can run 

from batteries, and ease of control – by voltage 

adjustment, which obviates the need for complicated 

conversion circuitry. 

 

However, its simplicity brings about the challenge of 

large weights or sizes for comparable power 

requirements in addition to the need for precise control 

of speed and torque. 

 

Thus, researchers are beginning to investigate variants 

of the simple DC motor for reliable and efficient speed 

and torque control simulation studies. 

 

In this research, the separately excited DC motor is 

investigated and simulation studies are performed to 

gain insight into its operational features. 

II. MODEL EXPRESSIONS FOR THE 

SEPARATELY EXCITED DC MOTOR 

(SEDCM) 

 

In order to model the SEDCM, one must consider the 

following key properties [1]: 

• A Counter Electro-Motive Force (CEMF) 

• A SEDCM voltage constant which is a function of 

its field current 

• The SEDCM electromechanical torque which is a 

function of its armature current 

 

The CEMF is directly proportional to the voltage 

constant and may be expressed as [1]: 

 

wKE ECEMF =     

 (1) 

where, 

 

EK  = the SEDCM voltage constant 

w = SEDCM motor speed 

 

The SEDCM voltage constant can be further estimated 

as: 

 

fafCEMF ILE =     

 (2) 

 

where, 

 

afL = the mutual inductance between armature and 

field windings 

fI = SEDCM field current 

 

The generated electromagnetic torque is given as: 

aTe IKT =      

 (3) 
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where, 

 

TK = the torque constant 

aI = SEDCM armature current 

 

Considering a load torque and following the sign 

convention, there are two possibilities: 

 

0− Le TT      

 (4) 

0− Le TT      

 (5) 

 

The expression in equation (4), describes a motor-

mode operation while that in equation (5) describes the 

generator mode. 

 

a.  Full-wave control 

For full-wave control, SEDCM can be operated 

diagrammatically as shown in the circuitry of Figure 

1.  

 

 
Figure 1: Full-wave control of SEDCM [2] 

 

The circuitry represents a control type of the single-

phase category where the full wave is performed by 

four thyristors T1 to T4 with an upper and lower AC 

source taps for T1-T4 and T2-T3 thyristors pairs. 

 

The control is performed by changing firing angle with 

respect to firing voltage to control the output voltage; 

the output voltage is computed as [3-7]: 

 

 

( ) 


= 0,cos
2 M

out

V
V   

   (6) 

 

where, 

 

MV  = maximum voltage 

  = thyristors firing angle 

 

The transfer function model of SEDCM is also as 

shown in Figure 2. 

 

 
Figure 2: Transfer model of SEDCM [8] 

 

III. RELATED STUDIES 

 

Dynamic simulation experiments employing the 

SEDCM have been an active area of research in the 

times past and recently.  

For instance, Ahmed et al [8] studied the torque 

control of SEDCM using microcomputer. 

Microprocessor controlled approaches are also 

adopted in [9-14].  

In [15], PI controller is used to regulate armature 

current considering half-wave rectifier switching 

system. 

 

IV. SIMULATION RESULTS AND 

DISCUSSIONS 

 

The experiments considering dynamic simulation of 

SEDCM are conducted using the 

MATLAB/SIMULINK software development and 

emulation environment. The systems model used in 

the simulation studies are described in Figure 3. The 

parameters used in the simulation of SEDCM are also 

presented in Table 1. 
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Figure 3: Dynamic Simulation Model of the SEDCM 

 

Table.1. Core SEDCM Parameters 

Parameter Name Value Unit 

Armature Resistance, 

Ra 

0.780 Ω 

Armature Inductance, 

La 

0.016 H 

Field Resistance, Rf 150.0 Ω 

Field Inductance, Lf 112.5 H 

Total Inertia, J 0.250 kg.m2 

Viscous Friction 

Coefficient, Bm 

0.010 N.m.s 

 

The SEDCM system in Figure 3 is powered by a 2-

quadrant single-phase full wave rectifier control which 

obtains its power source from a 220V 50Hz, power 

supply and operates in regenerative mode i.e. 

operation at 4th quadrant switching mode. Simulations 

are performed at a range between 0 and 6s and the 

results reported only for the rectifier mode after 

braking. 

 

a.  Results and Discussions 

The results using the simulation model and 

considering load torque range from 10N.m to 22N.m 

and at intervals of 2N.m are as shown in Table 2. 

These results are reported based on the  

 

Table.2. Results at various load torques 

Load 

Torqu

e 

(N.m) 

Firing 

angle 

(o) 

Armatur

e 

Voltage 

(V) 

Armatur

e 

Current 

(A) 

Motor 

Speed 

(rpm) 

10 

84.781

7 31.5306 11.8152 

199.545

6 

12 

83.122

7 32.6875 13.4737 

199.542

7 

14 

81.426

9 33.8052 15.0808 

199.511

8 

16 

80.154

6 34.8977 16.6398 

199.551

8 

18 

78.614

9 36.0462 18.2851 

199.555

6 

20 

77.317

0 37.1635 19.8873 

199.549

9 

22 

75.596

9 38.2689 21.4711 

199.552

4 

 

The results in Table 2 clearly shows that at higher load 

torque, the firing angle is automatically reduced to 

increase the armature voltage and hence armature 

current in order to subsequently maintain an motor 

speed of approximately 200rpm.  

 

CONCLUSION 

 

The research on the simulation of dc motors is an 

active one with quite a number of studies conducted. 

For the particular case of adjustable speed and torque 

control, the Separately Excited DC motor (SEDCM) 

plays an important role in the power and machines 

industry. 

 

In this research, the simulation of SEDCM is 

conducted taken into account the impact of various 

load torque and its impact on the motor armature, 

current, voltage and speed in addition to the effect on 

the firing angle. 

 

In future, further research may be conducted on the use 

of microprocessor and artificial neural networks or 

fuzzy logic controllers for enhancing the SEDCM 

performance during excessive torque loading. 
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