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ABSTRACT 

In this article an open loop AC chopper is designed and simulated. The load side of the converter consists 

of a resistance and an inductance. The aim of this paper is to achieve both an output with low total harmonic 

distortion and an input with low total harmonic distortion as a result a high power factor both in the output 

side of the converter and in the input side of the converter will be seen; therefore the power losses during the 

power transmission process will be decreased but the power quality parameters in the converter will be 

improved. There are two main control methods for switching the power electronic switches in this converter; 

open loop control method and closed loop control method. In this article open loop control method is 

considered.  
 

Keywords: AC chopper, AC-to-AC converter, Total harmonic distortion 

 

 

1. INTRODUCTION 

 

AC chopper is one of the AC-to-AC converter types which converts the AC input to an AC output with 

another voltage’s amplitude and frequency and phase characteristics. Such a process is done by the two 

parallel bi-directional switches in the converter which each of these two switches is on when the other switch 

is off. Each of these two switches consists of two IGBTs; each of these IGBTs have a diode which is in series 

with its corresponding IGBT that protects the IGBT from the reverse voltage. In this paper a digital gate of 

NOT is used following a pulse width modulation generator in order to force the power electronic switches 

work in complementarity with each other therefore a different sinusoidal voltage amplitude will be appeared 

in the output side of the converter. The control method in this paper is based on the open loop method which 

means the output doesn’t depend on the input.  
 

1.1 Background 

This paper presents a novel robust control technique for PWM ac choppers with the ability to generate 

high quality sinusoidal waveforms with adjustable amplitudes over a wide range control.[1] A method of 

voltage harmonic elimination in a pulse-width modulated AC/AC voltage converter using genetic 

algorithms (GA) is proposed. The output voltage of the AC chopper with k pulses per half cycle is written 

in terms of switching angles using Fourier series, and the best switching angles are identified with the 

dual objectives of harmonic elimination and output voltage regulation.[2] This study presents a new 

current-limiting soft-starter for a three-phase induction motor drive system using pulse width 

modulation (PWM) AC chopper. A novel configuration of three-phase PWM AC chopper using only four 

insulated gate bipolar transistors (IGBTs) is also proposed.[3] In this work, a novel driver circuit is 

designed for permanent split capacitor motors (PSC). With this driver circuit, semi-conductive 

technology is used in place of cumulative winding for this type of motors that are particularly used in 

kitchen exhaust fans. Developed circuit is controlled via PWM method.[4] In this paper, a control 

system is presented based on sliding mode control (SMC) for a three-phase three-wire dynamic voltage 

restorer to compensate for voltage sag and swell. This dynamic voltage restorer (DVR) system includes 

an AC/AC converter in each phase without energy storage and DC link.[5] 
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2. Main discussion 

In this article an AC chopper on the base of the open loop control method with the switching 

frequency of 10 KHZ is designed and simulated. The peak of the input voltage source is 310 V on the 

frequency of 50 HZ. The proposed converter’s circuit is shown in the figure 1. 

 
Fig. 1. The proposed converter’s circuit 

As it is able to be seen in the figure 1 two bi-directional power electronic switches are parallel connected to 

each other following after an AC voltage source; then an RL load is connected to this system which the 

resistance of the load side is 100 ohms and the inductance of the load side of the converter is 500 mH. Each 

of these switches initial circuit is shown in the figure 2. 

 
Fig. 2. Each of bi-directional power electronic switches initial circuit 

As it can be seen in the figure 2 each of the power electronic switches consists of two anti-parallel IGBTs 

series with diodes; these diodes protect the IGBTs against the reverse voltage. As it can be seen in the figure 

1 the current of each of the power electronic switches gates is complementary to the other. This means when 

each of the switches is on the other one is off; therefore, the output voltage’s waveform will be different. In 



 

https://mee.cdsts.ir Page 3 

this converter in the periods in which one of the switches is on the other one is off; symmetrically in the 

Complementary periods each of the switches performs inversely as a result the output voltage waveform in 

the second period will be different complementarily. 

3. Simulation results 

In this paper an AC chopper with the open loop control method of switching the power electronics 

switches with the switching frequency of 10 KHZ is designed and simulated. Such a switching 

frequency is generated by the pulse width modulation generator as it can be seen in the figure 1 and 

then injected into the IGBTs gates in both of the power electronics switches in the converter’s 

topology; one of the switches got the major signal but the other switch got the complementary 

waveform of the major signal. 

In the figure number 3 the input voltage waveform can be seen and also in the figures number 4 to 6 

the input current waveform, the output voltage waveform and the output current waveform 

respectively is able to be seen. 

 
Fig. 3. The input voltage waveform 

 
Fig. 4. The input current waveform 
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Fig. 5. The output voltage waveform 

 
Fig. 6. The output current waveform 

In the next two figures the PWM generator waveform which is injected into the gate of the two way 

switch number 1 and the PWM generator waveform after the digital gate of NOT which is injected 

into the gate of the two way switch number 2 in the figure 1 is able to be seen. 

 
Fig. 7. The PWM generator waveform 
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Fig. 8. The PWM generator waveform after the digital gate of NOT 

As it can be seen from the figures above in the section 3 of the paper a different voltage waveform’s 

amplitude is appear in the output side of the converter. 

In the next figures the total harmonic distortion of the both input voltage and output voltage and 

also the input current and the output current can be seen. 

 
Fig. 9. The total harmonic distortion percentage of the input voltage waveform 

 
Fig. 10. The total harmonic distortion percentage of the input current waveform 
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Fig. 11. The total harmonic distortion percentage of the output voltage waveform 

 
Fig. 12. The total harmonic distortion percentage of the output current waveform 

As it can be seen in the figures number 9 to 12 the total harmonic distortion of the output voltage 

and the output current and the input voltage and also the input current is too decreased by using the 

open loop control method of the IGBTs; as a result, the power factor of both of the input side of the 

converter and the output side of the converter is increased. 

4. Conclusion and future works 

In this article an AC chopper with the open loop control method of the IGBTs of the converter is 

designed and simulated. The total harmonic distortion parameter of both input side of the converter 

and also the output side of the converter is decreased by using such a control method. Therefore, the 

power factor of the converter will be increased in both input side of the converter and also the output 

side of the converter. At last, the power losses during the power transmission process in this 

converter will be near to zero joules as a result the power quality parameters in this converter will be 

improved. 

REFERENCES 



 

https://mee.cdsts.ir Page 7 

[1] Rahmani, L., Krim, F., Khanniche, M. S., & Bouafia, A. (2004). Control for PWM ac chopper 

feeding nonlinear loads. International journal of electronics, 91(3), 149-163.  
[2] Sundareswaran, K., & Kumar, A. P. (2004). Voltage harmonic elimination in PWM AC chopper 

using genetic algorithm. IEE Proceedings-Electric Power Applications, 151(1), 26-31.  
[3] Muhs, D. et al. (2003). Roloff/Matek mechanical parts, 16

th
 ed. Wiesbaden: Vieweg Verlag,. 791 

p. (In German). ISBN 3-528-07028-5. 

[4] Isik, M. F., Guvenc, U., & Yanmaz, H. (2013). AC Chopper Application and Benefits of Auxiliary 

Windings for PSC Motors. Elektronika ir Elektrotechnika, 19(10), 76-80.  
[5] Nasrollahi, R., Farahani, H. F., Asadi, M., & Farhadi-Kangarlu, M. (2022). Sliding mode control 

of a dynamic voltage restorer based on PWM AC chopper in three-phase three-wire 

systems. International Journal of Electrical Power & Energy Systems, 134, 107480.  


