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 ABSTRACT

This paper describes the single phase ac chopper realised with IGBT’s with high carrier wave frequency (chopper frequency). The rms value of the load voltage and the power control characteristic are given. Also the simulation waveforms of the load and input currents for two power circuits are presented. 

1. INTRODUCTION

A.C. Choppers have been widely used to control average load power from a fixed ac source. The common applications are industrial heating, light dimming, and ac motor speed control. The advantages of the ac choppers are simplicity, ability of controlling large amount of power, and high efficiency. AC Choppers with low chopper frequency have been  presented in [1]. In development of power semiconductor devices, PWM techniques are more and more frequently used [2]. To improve the input power factor of the ac chopper the asymmetrical PWM control techniques have been proposed  [3]. A new asymmetrical  PWM technique for single phase ac choppers, which improves the input power factor as well as eliminates the harmonics oh load voltage is introduced [4], but harmonic content of the input current is high.

In this paper the ac chopper with IGBT and 4 diodes ac switches for high chopper frequency (5KHz) is presented. The power circuit with filter is used to obtain the sinewave of the input current.          

2. POWER CIRCUIT

Figure 1 shows the power circuit of the ac chopper in the case of inductive loads.
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 Figure 1. Power circuit of ac chopper.

The circuit contains two ac switches with IGBT1 and IGBT2; the first one is connected in series, and the second in  parallel with the load. The series switch regulates the power delivered to the load, and the parallel switch provides the freewheeling path to discharge the stored energy when the series switch is turned off. The control voltages Vcom 1 and Vcom 2 are opposite signals. In the case of resistive load, the parallel switch is not necessary. The capacitor C1 reduces the harmonic content and the phase shifting angle of the fundamental of the input current.

In figure 2 the generation of the control signals (Vcom 1 for IGBT1 and Vcom 2 for IGBT2) and the load voltage waveform vL are presented. 
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Figure 2. Generation of the control signals and load voltage waveform. 

Suppose the ac input voltage vS remains unchanged and is expressed as:
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On the time internal DTc in the middle period Tc of the carrier wave, the switch with IGBT1 is on (figure 2). Therefore the load voltage is:
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The rms value of the load voltage is given by:
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and the voltage control characteristic is:
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In the case of resistive load (RL​ only), the average and maximum power delivered to the load are:
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and the power control characteristic is:
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In the case of inductive load, the load current waveform is practically sinusoidal. The average and maximum power delivered to the load become the following:
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 is the amplitude of the load current. 

The voltage control characteristic is the same in the case of resistive load.
Figure 3 shows the power circuit of ac chopper with filter
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Figure 3. Power circuit of ac chopper  with filter.

3. SIMULATION RESULTS

The proposed power circuits of the ac choppers were tested by simulation. A strong inductive load was considered with  RL = 7 ohms, LL = 32 mH, and a maximum power of  2,25Kw. Carrier frequency was fc = 1/TC = 5 KHz and m = TS/TC = 100.

Figure 4 shows the waveforms of the load current for three value of duty factor D, and figure 5 shows the harmonic contents of this current. The harmonic content of the load voltage for the same value of D is presented in figure 6.
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Figure 4. Load current waveforms.
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Figure 5. Harmonic contents of  load current iL
Figure 7. Harmonic contents of load voltage vL

Figure 7 shows the source current iS, when the power circuit in figure 1 is used, with C1 =130μF, for three values of duty factor D.
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Figure 7. Source current waveforms in the case of power circuit represented in figure 1

Figure 8 shows the input currents iS , when the power circuit in figure 3 is used, with C1 = 110μF, L = 1mH, C2 = 5μF. Sinusoidal waveforms for iS have been obtained.
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Figure 8. Source current waveforms in the case of power circuit represented in figure 3.

Figure 9 presents the power control characteristic obtained by simulation.
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Figure 9. Power  control characteristic

4. CONCLUSIONS


[image: image12.wmf]The simulation results proved good performance of the ac single phase choppers with IGBT’s an high chopper frequency. A sinusoidal input current was obtained by using the power circuit with filter in figure3.  In this case the phase shifting angle of the fundamental input current is reasonable. This phase shifting angle varies with duty factor D. For this reason, the value of the capacitance C1 assures zero phase shifting angle for D = 0,6. For  D > 0,6, inductive phase shifting angle is obtained, and for D < 0,6 the shifting angle becomes  capacitive.
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