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ABSTRACT 

 This Paper deals with the adaptable control characteristics of DC motor including with Comparison of open loop 

and closed loop controlled full Convener fed DC drive. Fixed AC is converted in to Variable DC using a full Converter. 

The speed of DC Motor is controlled by directing the armature voltage and also by using different single phase AC/DC 

converter the armature current is controlled unreliable delay of firing angle. The open loop and the closed loop Systems 

are modeled and the Corresponding results are obtained by using MATLAB simulation.  

Keyword: DC motor, PI, PID controller, full converter, AC-DC converter.   

I.  INTRODUCTION 

 DC motor are mostly used in industry due to less cost. The complex control shape is small in size and the range of 

the speed and torque is vast .The speed control has different methods they are field control method, DC motor has high 

starting torque which is used in traction application .In DC motor control the speed range is large. The rated speed is 

achieved by above and below values easily. The advantage of DC motor is required regular maintenance and large in size 

.The DC motor is made of tailor and it is quite difficult to replace them. In general DC motor is controlled by armature 

voltage method. Here rectifier and chopper methods are used due to power electronic elements .To control performance of 

nonlinear speed torque characteristics are observed which are undesirable. In recent year the DC motor are applicable in 

speed control techniques. The analog and digital feedback control schemes are used in thermistor based DC drives. The 

exact speed control and zero speed regulation are used by phase locked loop control method. Previously many researches 

are developed in various new converter topology of DC motor control in industry application the thermistor based AC-DC 

converter is used in all basic levels. The simulink and simpower are used for simulation by means of MATLAB. This 

paper provides modeling and simulation of closed loop controlled of DC drive. 

II. MODELLING OF DC MOTOR 

 The given steady state and dynamic diagram of separately excited DC motor is desired to find the   speed torque 

characteristics. The diagram represent the model of a separately excited DC motor as shown in figure.1. Here ea is the 

terminal voltage which is applied in motor. Ra represent as armature resistance ,and La  is  armature inductance, Rf  is 

fired resistance and Lf fired  inductance of the circuit respectively, hence eb is generate as back emf and Tm  is the 

electromagnetic torque developed in motor. 

 
Figure.1.Shows Equivalent circuit  for separately excited DC motor 

The below equation given for torque is produce by field flux through current in armature conductors which is 

given in equation 𝑇𝑚 =
𝐾𝑡

𝑂𝑖𝑎
 (1)      

Now Kt at the constant depending on motor winding and O is the flux per pole in field winding. According to the 

faradays law the torque produced and depends on direction of armature winding which vary the time and thus an emf will 

induced across the winding. This generated emf, called as back emf, the speed rotation depends on back emf since the flux 

produced in the field which given in Eq. (2) 

𝑒𝑏 =
𝐾𝑙

𝑂𝑤
(2) 

By applying KVL at input side of in figure 1,  
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𝑒𝑎 = 𝑖𝑎𝑅𝑎 +
𝐿𝑎𝐷𝑖𝑎

𝑑𝑡
+ 𝑒𝑏       (3) 

In steady state condition, 

𝐸𝑎 = 𝐼𝑎𝑅𝑎 + 𝐸𝑏 (4) 

 

In terms of torque and speed, the study state equation will be given by Eq.(5)  

𝐸𝑎 =
𝑇𝑚𝑅𝑎

𝐾𝑙 𝑂⁄
+

𝐾𝑙

𝑤𝑂
  

So, 𝑤 =
𝐸𝑎

𝐾𝑙 𝑂⁄
−

𝑇𝑚

𝐾𝑙 𝑂⁄
 𝑅𝑎    (6) 

The above equation shows that the speed can be controlled by changing the parameters, were Ea, Ra and O.The different 

three methods of speed control are given below: 

1. Armature voltage Controlled (Ea) 

2. Armature resistance Controlled (Ra) 

3. Flux Controlled (o) 

The external resistance Rext is added by armature resistance by using speed control this is often not used due to large 

energy losses in Rext. The armature voltage control mostly used for increase the rated speed (base speed) .The flux 

control is used for speed below the rated speed similarly the time from the motor has ability to reduce torque from the 

motor which is given from armature current, the flux is fewer than rated value thus the maximum torque produced is less 

than the maximum rated torque. The most important attention   is given to the armature voltage control method .The 

voltage diagonally given to the armature ea from armature voltage control method hence it is varied keeping the field 

voltage constant. From the  equation (6)It indicates, the speed torque characteristic is represent into a straight line by a 

negative grade  which is in applied armature voltage be ideal, the ideal speed torque characteristic us illustrated in figure – 

2  

 
Figure.2.Torque speed characteristics of the separately excited DC motor by different armature 

 

Thyristor based techniques of dc motor speed control: The Separately excited DC motor is fed from signal phase half 

wave convertor as shown in figure 3.The half wave converter has only one scr rectifier and freewheeling diode which 

used in different firing angles .The Single phase half wave converter feeding in DC motor which offer only single 

quadrant drive. This type of drive are used to above 0.5 Kw DC motor. 

 
Figure.3.Single phase half wave converter fed DC drive 
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For signal phase half wave converter, average output voltage of converter can be calculated as given as Eq. (7) 

𝑉0 =
𝑉𝑚

2𝜋
(1 + 𝐶𝑂𝑆𝛼)  For 0<α<π           (7) 

The half wave converter inside the field circuit will increase the magnetic loss from the motor due to high ripple 

content under the field excitation current so the ideal DC supply is preferred above the half wave converter for given field 

circuit, the separately excited DC motor fed through single phase semi converter  as shown in figure 3 

 
Figure.4.Single Phase Semi converter fed DC drive 

The single phase semi converter has two scrs and two diodes. The separately excited DC motor is fed through 

single phase semi converter as shown in figure 4.This converter also has single quadrant drive and it is used in 15kw DC 

dives, the average output voltage is given below,  

V0 =Vt = Vm (1+cos  ). For 0< <                     (8) 

The single phase full wave converter is varied by armature voltage as shown in figure 5. This converter has two 

quadrant drive, and the applications is limited upto 15kW. The armature converter give +Vo or – Vo and allow the 

operation in the first and fourth quadrant. The field circuit might be semi converter, full or even dual converter. When the 

armature or field voltage are in reverse direction it allow the operation in second and third quadrant. 

 

 
Figure.5.Single Phase Full converter fed DC drive 

The average output voltage for single phase full converter drive is given in Eq.(9)  

𝑉0 = 𝑉1 =
2𝑉𝑚(1+𝑐𝑜𝑠𝛼)

𝜋
for 0 < <           (9) 

Simulation: Open loop controlled full converter fed DC drive is shown in Fig 6. A step change in input voltage is applied 

as shown in Fig 7. The peak value increases from 230 to 250 V. The switching pulses are shown in Fig 8 Output voltage 

and current waveforms are shown in Figures 9 output voltage 10 respectively. Combined wave forms of voltage of current 

are shown in Fig 11. The speed increases with the Step change in voltage as shown in Fig 12. The speed increases from 

1800 RPM to 2000RPM. The torque restores as shown in Fig 13. The Closed loop system is shown Fig 14. Actual speed 

of the motor is compared with the set speed. The Error is applied to a comparator. The Comparator updates the firing 

angle of the rectifier to make the actual feed equal to the set speed. Input voltage with step change is shown in Fig.15. The 

Switching Pulse for M1 is shown in Fig.16. The speed response is shown in Fig.17. The Speed settle at 1500 R.P.M 
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Table.1.DC motor specification 

Armature resistance(Ra) 2.581Ω 

Armature inductance(La) 0.028H 

Field resistance(Rf) 281.3Ω 

Field in inductance(Lf) 156H 

Field inductance(Laf) 0.9483H 

Total inertia(J) 0.02215(kg.m^2) 

Viscous friction coefficient(Bm) 0.00295(N.M.S) 

Coulomb friction torque(Tf) 0.5161(N.m) 

 

With disturbance 

 

 

Figure.6.Circuit diagram Figure.7.Rectifier Input Voltage: 

 

 

 

Figure.8.Switching pulse for m1 (firing angle 89) Figure.9.Rectifier output voltage 

 

The above figure shows the pulse wave form for output voltage and current. The   above   rectifier output voltage shows 

sudden disturbance applied after 30 secs then output voltage is changed from 29.8 to 30secs 

 

 

 

Figure.10.Rectifier output current                         Figure.11.Rectifier output current                         
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Then above figure shows is respectively combined wave form for output current. The above fig shows the speed increases 

with step change in voltage as shown and current remains constant zero. 

 
 

                      Figure.12.Motor speed                           Figure13.motor torque 

The above figure shows the speed increases from 1800rpm to 2000 rpm 

The above figure shows the torque settles at 2 

With PI controller: 

 

 
Figure.14.Shows PI controller 

 

 

 

Figure.15.Input voltage Figure.16.Switching pulse for m1 

The above figure shows the step change in input voltage, the above figure shows the switching pulse for motor m1 
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Figure.17.Motor Speed 

The above figure shows the speed settles at 1500rpm 

With PID controller 

 

 

Figure18.Circuit Diagram with PID Figure.19.Input voltage 

The above figure show step change in input voltage 

  
Figure.20.Switching pulse   Figure.21.Motor Speed   

 

The above figure show switching pulse for m1 (firing angle 89),the above figure shows speed of the motor 

 

Table.2.PI & PID controller’s comparisons 

Converter Tr Ts Tp Ess 

Pi controller 1.5 4.2 16.4 50 

Pid controller 0.4 17.8 15.7 10 

 

CONCLUSION 

 Open loop and closed loop controlled full Converter fed D.C drive systems are designed and simulated 

successfully using matlab. The error in speed is regulated using PI and PID Controller. The simulation results are in line 

SPEED IN RPM 

TIME IN SECS 
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with the theoretical results. Closed loop systems using PI and PID Controller is estimated mat lab. The Simulation with 

fuzzy controller will be done in future.  
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