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ABSTRACT 

 

AC/DC converters are widely employed to get regulated power supply, battery charging and DC motor speed 

control. SCR converters are preferred in the field of high-voltage DC energy transmission(HVDC), 

superconductor magnetic energy storage,etc. However, these converters have low power factor and also 

result in harmonic pollution. The first option is to use input LC passive filters. Other possibilities include the 

use of pulse width modulation (PWM) type converters.The advantage of PWM over other methods is that it 

does not require bulky and costly LC components. When PWM is employed, SCR’s are not preferred as 

switching elements, since additional commutation circuits are required; instead ,power Mosfets, Power 

transistors and insulated gate bipolar transistors (IGBTs) are often used. The number of harmonics eliminated 

with these techniques is linked to the number of switching angles. In comparison with the phase controlled 

rectifier ,it can be controlled to consume nearly sinusoidal current with power factor equal to unity.Another 

advantage is its capability of energy recuperation . 
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I. INTRODUCTION 

 

Modern electric devices are usually fed by diode or 

thyristor rectifiers. These rectifiers have simple 

construction,easy control algorithms and are cheap to 

produce but on the other side they load supply 

network with higher harmonics and with reactive 

power. Grid disturbances may result in malfunction 

or damage of other electrical devices [1-3]. Therefore 

many methods for reduction or elimination of 

harmonics pollution in the power system are 

investigated and developed. Phase control and 

commutation of semiconducting devices impact the 

phase displacement between the first harmonics of 

the consumed current and the first harmonics of the 

supply voltage. This displacement leads to power 

factor degradation and to reactive power consumption. 

The consumed current harmonics cause non-

sinusoidal voltage drops on the supply network 

impedances and lead to supply voltage deformation 

[9-12]. This may cause malfunctions of other devices 

that are sensible to the sinusoidal shape of the supply 

voltage (e.g. measurement apparatuses, 

communication and control systems). The reactive 

power rises with longer control angle delays, so the 

rectifier acts as a time variable impedance that is 

nonlinear and causes deformed current consumption 

[4]. In order to suppress these negative phenomena 

caused by the power rectifiers, use is made of 

rectifiers with a more sophisticated control algorithm. 

Such rectifiers are realized by semiconductors that 

can be switched off IGBT transistors. The rectifier is 

controlled by pulse width modulation. A rectifier 

controlled in this way consumes current of required 

shape, which is mostly sinusoidal. It works with a 

given phase displacement between the consumed 

current and the supply voltage. The power factor can 

also be controlled and there are minimal effects on 

the supply network [5-8]. PWM rectifiers can be 

divided into two groups according to power circuit 

connection – the current and the voltage type. For 

proper function of current a type rectifier, the 
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maximum value of the supply voltage must be higher 

than the value of the rectified voltage. The main 

advantage is that the rectified voltage is regulated 

from zero. They are suitable for work with DC loads 

(DC motors, current inverters) For proper function 

voltage type rectifiers require higher voltage on the 

DC side than the maximum value of the supply 

voltage [13]. The rectified voltage on the output is 

smoother than the output voltage of the current type 

rectifier. they also require a more powerful 

microprocessor for their control [14-16]. Output 

voltage lower than the voltage on input side can be 

obtained only with increased reactive power 

consumption [17].  

 

II.  PHASE CONTROLLED RECTIFIER  

 

The phase controlled thyristor rectifiers belong to the 

category of worst electrical network polluters. The 

phase control and  the commutation of  

semiconductor devices impact on the phase 

displacement between the first harmonics of 

consumed current and supply voltage.  This 

displacement leads to power factor degradation. The 

consumed current harmonics cause the non-

sinusoidal voltage drops on the supply network 

impedances and the supply voltage deformation 

which may cause the malfunction of the other devices 

that are sensible on the supply voltage sinusoidal 

shape. To reduce these side effects the rectifiers are 

being supplemented by filters and compensators. The 

major disadvantage is that additional circuits raise the 

cost and requirements on the material and space 

needed for the converter are increased. 

 

Figure 1(a) shows controlled rectifier 

circuit.Figure.1(b)shows input and output waveform 

of this rectifier. Input is given to the rectifier circuit 

by means of centre tapped transformer. SCR switch is 

triggered by means of pulse generator. In the positive 

half cycle thyristorT1 conducts and during negative 

thyristor T2 conducts. A rectified output will given to 

the load. 

 
Figure 1(a). Controlled Rectifier circuit 

 

 
Figure 1(b). Wave forms 

 
Figure 1(c). Firing angle 

After the triggering angle the output follows the 

input voltage. Since resistive load, the current and 

voltage are in phase. 

 

III.  PWM RECTIFIER 

 

This rectifier is realized by semiconductor devices 

that are switched off (MOSFET). The  rectifier is 

controlled by pulse width modulation .Rectifier 

controlled in this way consumes current with 

demanded waveform that is mostly sinusoidal.It 

works with given phase displacement between 

consumed current and supply voltage,enables control 

of power factor, and has minimal effects on the 

supply network. 

 

Main features of PWM rectifiers are:bi-directional 

power flow,nearly sinusoidal input current,regulation 

of input power factor to unity,low harmonic 
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distortion of line current,adjustment and stabilization 

of DC link voltage,reduced capacitor size due to 

continuous current.Two techniques of PWM are 

employed to get reduced harmonics. They are 

multiple pulsewidth and sinusoidal PWM. Figure 1(a) 

shows PWM rectifier circuit.Figure 1(b)shows input 

and output waveform of this rectifier 

 
Figure 2(a). PWM Rectifier circuit 

 

 
Figure 2(b). Wave forms 

The triggering pulse is generated by means of this 

circuit. 

The constant DC voltage and a triangular pulse is 

compared 

 
Figure 2(c). Gate triggering circuit 

 
Figure 2(d). Gate triggering waveform 

 

 
Figure 3. THD chart 

 

Simulation 

Table 1. Firing Angle variations 

Controlled Rectifier 

Α Output voltage THD 

90 5 62.57% 

 

Table 2. Pulse variations 

PWM Rectifier 

No.of  Pulses Output voltage THD 

3 5 27.86% 

5 5 25.12% 

7 5 9.92% 

9 5 6.32% 

 

Practical  Controlled Rectifier 

Table 1a. Firing Angle variations 

Α Output voltage THD PF DPF 

92 5 65.6% 0.561 0.856 

 

Pwm Rectifier 

Table 2a. Pulse variations 

No.of Pulses Output 

voltage 

THD PF DPF 

3 5 29.5% 0.696 0.999 

5 5 25.6% 0.710 1 

7 5 10.7% 0.718 1 

9 5 6.5% 0.725 1 
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Simulation 

 
Figure 4. FFT analysis of controlled rectifier 

 

 
Figure 5. FFT analysis of PWM rectifier 

 

Practical: 

Controlled Rectifier THD Chart 

 
Figure 5a. FFT analysis of controlled rectifier 

 

PWM Rectifier THD Chart 

 

Figure 5b. FFT analysis of PWM rectifier 

 

 

 

 

IV. CONCLUSION 

 

Thus  utilization of PWM rectifiers eliminates the 

problems caused by phase controlled rectifiers.The  

thyristor  rectifiers overload the supply network with 

higher harmonics and reactive power 

consumption .These side effects of the controlled 

rectifiers can’t be ignored.So the PWM rectifiers in 

which there will be no consumption of reactive 

power and hence the harmonics are reduced. 

 

V. REFERENCES 

 

[1]. Toshiya Ohnuki, Osamu Miyashita,Toshimasa 

Haneyoshi, Etsunao Ohtsuji.1996. High Power 

Factor PWM Rectifiers with an Analog 

Pulsewidth Prediction Controller. IEEE  

Transactions on Power Electronics,vol.11,no.3. 

[2]. B. Singh, B. N. Singh, A. Chandra, K. Al-

Haddad, A. Pandey, D. P. Kothari,(2003), A 

review of single-phase improved power quality 

AC–DC converters, IEEE Transactions on 

Industrial Electronics, Vol. 50, Issue 5, pp. 962–

981. 

[3]. J Gnanavadivel, N Senthil Kumar, P 

Yogalakshmi. 2017. Comparative Study of PI, 

Fuzzy and Fuzzy tuned PI Controllers for 

Single-Phase AC-DC Three-Level Converter. 

Journal of Electrical Engineering & Technology. 

Vol. 12, Issue 6, pp. 78-90. 

[4]. J Gnanavadivel, N Senthil Kumai, CN Naga 

Priya, KS Krishna Veni. 2017. Single phase 

positive output super-lift luo converter fed high 

power LED lamp with unity power factor and 

reduced source current harmonics. Journal of 

Optoelectronics And Advanced Materials. Vol. 

18, Issue 11-12, pp. 1007-1017. 

[5]. J Gnanavadivel, E Divya. 2011. Harmonic 

elimination in three phase PWM rectifier using 

FPGA control. International Conference on 

Emerging Trends in Electrical and Computer 

Technology (ICETECT). pp. 436-441. 

[6]. Joachim Holtz,  Lothar springob. 1993. Reduced 

Harmonics PWM Controlled Line-Side 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)  716 

Converter for Electric Drives. IEEE 

Transactions on  Industry Applications, vol.29, 

no.4. 

[7]. Jee-Woo Lim and Bong-Hwan Kwon. 1999.A 

Power-Factor Controller for Single-Phase PWM 

Rectifiers. IEEE Transactions on Industrial 

Electronics, vol.46 no.5.  

[8]. P Shobana, N Geetha, J Gnanavadivel. 2012. 

Enhancement of power quality of AC-DC Boost 

converter with HCC and FLC-A comparative 

study. International Conference on Computing, 

Electronics and Electrical Technologies 

(ICCEET). pp 254-258. 

[9]. Vilathgamuwa, M. Duggal, B.R. Kok, J.Y.Kang, 

B.H. 1998. FPGA-based single-phase PWM 

rectifiers with high power factor. Power 

Electronic Drives and Energy Systems for 

Industrial Growth, International Conference on 

Vol. 2, no. 1-3 Dec. pp. 616 – 621. 

[10]. J Gnanavadivel, Vidhya Chellappa, N Senthil 

Kumar. 2011. Comparison of power quality 

improvement techniques in ac-dc Cuk 

converter. International Conference on 

Computer, Communication and Electrical 

Technology (ICCCET). pp 400-404. 

[11]. J Gnanavadivel, N Senthil Kumar, P 

Yogalakshmi. 2016. Implementation of FPGA 

based three-level converter for LIED drive 

applications. Journal of Optoelectronics and 

Advanced Materials. Vol. 18, Issue 5-6, pp. 459-

467. 

[12]. Omar Stihi and Boon-Teck. 1998. A single -

phase Controlled Current PWM Rectifier.. IEEE 

Transactions on power electronics. vol. 3, no. 4.. 

[13]. J Gnanavadivel, N Senthil Kumai, CN Naga 

Priya, KS Krishna Veni. 2017. Investigation of 

Power Quality Improvement in Super Lift Luo 

Converter. International Journal of Power 

Electronics and Drive Systems. Vol. 8, Issue 3, 

pp. 1240-1250. 

[14]. J Gnanavadivel, N Senthil Kumar, P 

Yogalakshmi. 2017. Fuzzy Controller based 

Power Quality Improvement in Three Level 

Converter with Multiloop Interleaved Control 

for Marine AC/DC Applications. Indian Journal 

of Geo Marine Sciences. Vol. 46, Issue 9, pp. 

1908-1919. 

[15]. J Gnanavadivel, N Senthil Kumar, S T Jeya 

Christa. 2015. Implementation of FPGA based 

fuzzy and hysteresis controllers for power 

quality improvement in single phase three-level 

rectifier. Optoelectronics and Advanced 

Materials-Rapid Communications. Vol. 9, Issue 

9-10, pp. 1264-1272. 

[16]. J.Rodriguez.1987. High performance DC motor 

drive using a PWM rectifier with power 

transistors. IEEE proceedings, vol.134,  No.1. 

[17]. Rajesh Ghosh and G. Narayanan. 2007. 

Generalized Feed forward Control of Single-

Phase PWM Rectifiers Using Disturbance 

Observers. IEEE Transactions on Industrial 

Electronics,vol.54,no.2. 


