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Abstract: DC motor is used in many industrial applications. Because it has versatile control characteristics. With the 

increasing use of power semiconductor units, the speed control of the DC motor is increasingly getting sophisticated and 

precise. The DC motor can control by various methods, which is as field control, armature voltage control, armature resistance 

control. The speed of the DC motor is controlled by controlling the armature voltage. Armature voltage is controlled using 

different single-phase AC/DC converter. Half converter, semi converter, full converter, and dual converter are some of the 

thyristor-based circuits, which are used for speed control of DC motor. But using power electronics devices causes power 

factor and total harmonics distortion problem. Different types of Rectifier circuit with filter capacitor is used to reduce the 

problem of power factor and total harmonics distortion like Conventional single-phase diode rectifier with filter capacitor, 

single-phase diode rectifier with LC filter, single-phase diode rectifier circuit with series input resonant filter, Single phase 

diode rectifier circuit with improved parallel input resonant filter. In this paper, we do a comparative analysis of controlling DC 

motor with improved PF and THD. 

Keywords: Rectifier Circuit, Converter Drive Circuit, Filter Circuit, Total Harmonic Distortion, Power Factor Improvement, 
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1. Introduction 

DC motors are widely used in the industry. It possesses 

low cost, less complex control structure and a wide range of 

speed and torque. There are many methods of speed control 

of dc drives. They are field control, armature voltage control, 

and armature resistance control methods. It provides high 

starting torque, which is required for traction applications. In 

motor control, we can achieve both below and above the 

rated speed quite easily. DC motors have some disadvantages 

that need regular maintenance and it is bulky in size. 

Generally, the armature voltage control method is widely 

used to control the dc drives. In the armature control system a 

controlled rectifier or chopper is used but due involvement of 

power electronics elements, nonlinear torque speed 

characteristics are observed which are undesirable for control 

performance [3]. 

An electrical drive consists of electrical motors, power 

controllable and energy transmitting shaft. These electrical 

drives are used in the industry because of its have low cost, 

less complex control structure and a wide range of speed. In 

the modern electrical drive system power electronics 

converter is used as power controller. Electrical drives are 

two types: DC drives and AC drives. They are different from 

each other in this way that the power supply in dc drives is 

given by DC motor and power supply in AC drives given by 

AC motor. All Standard motors are classified as constant 

speed and adjustable speed motors. Adjustable speed motors 

may be operated over a wide speed range by controlling 

armature voltage and field excitation. The speed below the 
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base speed can be controlled by the armature voltage control 

method and the field control method is used for the above 

base speed [2]. These motors are customized at the time of 

installation and it makes them irreplaceable. The armature 

voltage control method of speed control of dc drive is widely 

used in which a controlled rectifier is involved. And because 

of power electronics elements, we observe an undesirable 

nonlinear torque-speed characteristics [10]. 

In the past, many researchers worked on various converter 

topologies of DC motor control for different industrial 

applications but all of them are thyristor-based. For the 

simulation of various topologies MATLAB with its toolboxes 

like Simulink and SimPower System are used [1]. In general, 

the use of color should be limited to figures only. Text may 

not be in color, and color shading is never acceptable. 

Many researchers worked on various converter topologies 

of DC motor control for different applications. They used 

thyristor. In this paper, controlling of a motor by using 

thyristor is described. This paper also described the use of a 

filter rectifier circuit to improve the power factor and Total 

Harmonic Distortion. Different type of rectifier circuit and 

converter circuit with DC motor is analyzed. For simulation 

of various topologies, MATLAB with its toolboxes like 

Simulink and SimPowerSystem and the PSIM software is 

used. 

In the second section, the comparison of the rectifier 

circuit is described. In the third section, a comparison of 

different types of filter topologies with rectifier circuits is 

discussed. In the fourth and fifth section simulation and 

comparison of a different converter, drive circuit 

with/without a filter is described respectively. 

2. The Comparison of Rectifier Circuit 

The shape of the input current can be improved by using a 

combination of input and output filters. In the past, designers 

have used three passive wave-shaping methods to improve 

the input power factor and reduce total harmonic distortion 

THD of conventional ac-to-dc rectifiers. Here, a rectifier 

circuit with a filter capacitor to improve the input current PF 

and THD in PSIM is stimulated. 

The Rectifier with a filter capacitor circuit is used to 

improve the PF and THD of input current waveform. 

Because it is related to the speed control of DC motor. If the 

input current waveform is more like a sinusoidal waveform it 

will help to control the speed of a motor, otherwise, it will 

decrease the performance of the motor. There are different 

types of rectifiers with a filter capacitor circuit. Among them, 

four types of rectifiers with a filter capacitor circuit is studied 

here. A comparative analysis of the four types that gives the 

best result in terms of PF and THD is given. The four 

different topologies of the rectifier circuit are [1]: I. 

Conventional single-phase diode rectifier with filter 

capacitor. II. Single-phase diode rectifier with an LC filter. 

III. Single-phase diode rectifier circuit with series input 

resonant filter. IV. Single-phase diode rectifier circuit with 

improved parallel input resonant filter. Table 1 shows the 

specifications of the components used in the topologies. 

Table 1. Specification of the components. 

Components Specifications 

AC supply 220V/50Hz 

Diodes DIN4936 

Resistances 100Ω 

Capacitors 60mF/0.1mF/100mF/500μF 

Inductor 1mH/50mH/5mH/.005mH 

A. Simulation result of Conventional single phase diode rectifier with filter capacitor. 

 

Figure 1. Conventional single-phase diode rectifier with filter capacitor with C1=60mF. 
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Figure 2. Input Voltage waveform with C1=60mF. 

 

Figure 3. Input Current waveform with C1=60mF. 

The PF and ℅THD of single-phase diode rectifier with different filter capacitor is shown in Table 2. 

Table 2. PF and ℅THD of single-phase diode rectifier with filter capacitor. 

Capacitors PF ℅THD 

60mf 0.17 580.4 

0.1mf 0.65 81.3 

100mf 0.14 674.6 

500µf 0.45 155 

B. Simulation result of Single phase diode rectifier with LC filter 
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Figure 4. Single-phase diode rectifier with LC filter with L1=1mH and C1=60mF. 

 

Figure 5. Input Voltage waveform with L1=1mH and C1=60mF. 

 

Figure 6. Input Current waveform with L1=1mH and C1=60mF. 
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The PF and ℅THD of single-phase diode rectifier with different LC filter is shown in Table 3. 

Table 3. PF and ℅THD of single-phase diode rectifier with LC filter. 

Capacitors PF ℅THD 

60mf 0.22 481.5 

100mf 0.26 482.64 

500µf 0.49 132.84 

0.1mf 0.56 124.23 

C. Simulation Result of Single phase diode rectifier circuit with series input resonant filter 

 

Figure 7. Single-phase diode rectifier circuit with series input resonant filter with C2=100mF. 

 

Figure 8. Input voltage waveform with C2=100mF. 

Table 4. PF and ℅THD of single-phase diode rectifier with series input resonant. 

Capacitors PF ℅THD 

100mf 0.35 39.3 

0.1mf 0.47 96.4 

500µf 0.4 121.64 

60mf 0.54 49 
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Figure 9. Input Current waveform with C2=100mF. 

The PF and ℅THD of single-phase diode rectifier with series input resonant is shown in Table 4. 

D. Simulation Result of Single phase diode rectifier circuit with improved parallel input resonant filter 

 

Figure 10. Single-phase diode rectifier circuit with improved parallel input resonant filter with C3=60mF. 

 

Figure 11. Input voltage waveform with C3=60mF. 
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Figure 12. Input current waveform with C3=60mF. 

The PF and ℅THD of single-phase diode rectifier with improved parallel input resonant filter for different values of 

capacitors is shown in Table 5. 

Table 5. PF and ℅THD of single-phase diode rectifier with improved parallel input resonant filter for different values of capacitors. 

Capacitors PF ℅THD 

60mf 0.84 10.21 

100mf 0.64 12.04 

0.1mf 0.66 22.78 

500µf 0.19 15.26 

Table 6. Parameters for various filter topologies. 

Type of Filter /Parameters PF ℅THD 

Single phase diode rectifier with filter capacitor 0.65 81.3 

Single phase diode rectifier with LC filter 0.56 124.23 

Single phase diode rectifier with series input resonant filter 0.54 49 

Single phase diode rectifier with improved parallel input resonant filter 0.84 10.21 

 

3. Comparison of Different Types of 

Filter Topologies with Rectifier Circuit 

Here different types of filter topologies with rectifier 

circuit to improve the input current PF and THD is 

stimulated. Improved value after simulating all of the filter 

circuits is given in Table 6. Improved value is measured from 

the filter capacitor when the capacitor value is 0.1mF, from 

LC filter when the capacitor value is 0.1mF, from series input 

resonant filter when capacitor value is 60mF, from improved 

parallel input resonant filter when the capacitor value is 

60mF. 

4. Simulation Result of Converter Drive 

Circuit 

There are many methods to control the speed of DC motor. 

Converter drive with thyristor is one of the methods to 

control the speed of a motor. There are four types of 

converter drive circuits. After doing the simulation of these 

four types of circuits in SIMULINK, the result is studied. 

Moreover, from the result it is found that the THD of the 

converter drive circuit is improved when we use a rectifier 
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circuit with a filter, which helps to control the speed of the motor more efficiently. 

 

Figure 13. Half wave converter drives without filter circuit. 

For Half wave converter drives without filter circuit, the ℅THD and PF value is 16.8 and 0.04 respectively 

 

Figure 14. Half wave converter drives with filter circuit. 

For Half wave converter drives with filter circuit, the ℅THD and PF is 0.56 and 0.62 respectively. 
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Figure 15. Semi converter drives without filter circuit. 

For Semi converter drives without filter circuit, the ℅THD and PF is 27.6 and 0.025 respectively. 

 

Figure 16. Semi converter drives with filter circuit. 
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For Semi converter drives with filter circuit, the ℅THD and PF is 6.67 and 0.71 respectively. 

 

Figure 17. Full converter drives without filter circuit. 

For Full converter drives without filter circuit, the ℅THD and PF is 18.9 and 0.037 respectively. 

 

Figure 18. Full converter drives with filter circuit. 
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For Full converter drives with filter circuit, the ℅THD and 

PF is 3.36 and 0.7128 respectively. 

5. Comparison of DC Drives with and 

Without Filter Circuit 

Four types of DC drives, half-wave converter drive, semi 

converter drive, full-wave converter drive and dual converter 

drive is used and also simulated in SIMULINK to observe 

the improvement. After the simulation, we get THD and PF 

value of these four types of circuit. Comparison of %THD 

for different drives and comparison of PF for different drives 

are given below. Table 7 shows the value of total harmonic 

distortion with improved total harmonic distortion for 

different type of converter drives at firing angle 89° and 

Table 8 shows the value of power factor with improved 

power factor for a different type of converter drives at firing 

angle 89°. 

Table 7. Comparison of % THD for different drives. 

Type of drive Without filter circuit ℅THD With filter circuit ℅THD 

Half wave converter drive 16.8 0.56 

Semi converter drive 27.6 6.67 

Full wave converter drive 18.9 3.36 

Dual converter drive 25 4.56 

Table 8. Comparison of PF for different drives. 

Type of drive PF without filter circuit PF with filter circuit 

Half wave converter drive 0.04 0.62 

Semi converter drive 0.025 0.71 

Full wave converter drive 0.037 0.713 

Dual converter drive 0.028 0.73 

 

6. Conclusion 

In this paper, four types of power factor improvement 

topologies are implemented and their performance is 

compared on the basis of five parameters those are power 

factor, input current distortion factor, input current harmonic 

factor, input displacement factor and total harmonic 

distortion. And it is found that the single-phase diode rectifier 

circuit with improved parallel input resonant filter performs 

well. Then the same parallel input resonant filter is applied 

with different types of DC drives systems which are single 

phase half wave converter drive, single phase semi converter 

drive, single phase full converter drive and single phase dual 

converter drive. A significant improvement in power factor 

and total harmonic distortion is observed. But the selection of 

filter components still involves complex mathematical 

calculations, so the selection of components can be done by 

applying artificial intelligence. 
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