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ABSTRACT

This paper describes the single-phase ac chopper realized with 4 IGBT’s, drives sinusoidal PWM with harmonics injection. 

A.C. Choppers have the role of connecting and decocting of the loads from the supply sources. Moreover, they can also modify the average value of the load voltage. Among the most application we mention industrial heating, light dimming and ac motor control speed.

The power circuit of A.C. Chopper is realised with four IGBT’s grouped into two pack, each transistor including antiparallel diode. In order to connect inductive load to power supply in positive alternation, we have to drive T1 while into the negative alternation T2. While these two IGBT’s are blocked for eliminating the stored energy into the load inductor we command T3 and T4 transistor. The command signals Vcom1 and Vcom2, cam be obtain by comparing triangular wave with two sinusoidal opposed reference wave to which was added the third harmonic component. The command signal Vcom2 is the opposite of the signal Vcom1.


The circuit performances were tested by simulation. In this article there were simulated and presented the spectrum diagrams of the load current for three distinct value of the reference voltage magnitude. There are presented the spectrum diagram of the load current, the wave shape of the input current from the supply voltage. 


As a result of the simulations we can mention the following aspects:

- the proposed circuit present a lower price compared to the circuit which contains two IGBT’s and eight diodes.

- the fundamental value of the load voltage is higher than the circuit which four IGBT’s.

- we use a filter LC at the input of the power circuit.

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 and eliminates the harmonics of load voltage is introduced [4], but harmonic content of the input current is high. This paper presents the  chopper with four IGBT’s   switches for high chopper frequency (5KHz). The power circuit with filter is used to obtain the sinewave of the input current. In [5] is analysed an single-phase chopper controlled uniform PWM with high carrier wave frequency (5KHz). In this paper we propose a new power circuit for a a.c. chopper with a smaller drop voltage on the switches, drived sinusoidal PWM with harmonics injection, which leads to a less sophisticated filter and a higher duty factor, whatever is the value of the control signal.  

2. POWER CIRCUIT
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Figure 1 shows the power circuit of the ac chopper in the case of inductive loads.

The circuit contains four ac switches with IGBT: T1, T2, T3 and T4; T1, T2 are connected in series, and T3 , T4  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. In comparison with ac chopper circuit in [5], we used instead of the eight external diodes two IGBT’s packs, which contain each two transistors with incorporated reverse recovery diodes(ex. FZ 800R33KF2 Power semiconductors shortform catalog june 1999 eupec). This solution determines o reduction of the power lasses when switching and increase of the fundamental harmonic of the load voltage. In the case of resistive load, the parallel switch is not necessary. The control voltages Vcom 1 and Vcom 2 are opposite signals. The control signal Vcom1 is applied on the gate on the transistor T1 andT2, the transistor turning ON and turning OFF depends on the phase of the supply voltage, and the Vcom2 signal will drive the T3 and T4 transistors. In figure 2 the generation of the control signals. The control signals (Vcom1 and Vcom2) are obtained by comparing a triangular wave uT with fc frequency and uT magnitude with two reference waves which are in phase opposition uB1 and uB2 . The references waves uB1 and uB2 represent a sinusoidal wave to which the component of the third harmonic is added. As a result of the comparison between the triangular wave uT and the wave uB1 , uB2 we obtain the signals B1 and B2. The control signal Vcom1 is obtained by adding to the signal B1 the negation of the signal B2.

The commutation moments with respect to the Tc period are [6]:
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                            (1) the expression of the triangular wave is:
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as a  result   of the switching process  we obtain the moment t1 and t2, t’1 and t’2 respectively  

In this moment, the triangular wave is equal to uS1 and uS2 wave.
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the width of the control signals is calculated for each switching period:
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similarly :
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the width of the control signal for a Tc period:    
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Figure 3 presents the wave forms of the signal uT, uB1, uB2 and the load voltage vL obtained by simulations for a switching frequency f’c, much lawyer than the switching frequency fc
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. Carrier frequency was fc = 1/TC = 5 KHz and m = TS/TC = 100.
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Figure 4 shows the waveforms of the load current for three values of the magnitude UB of the control signals uB1, uB2 and figure 5 shows the harmonic contents of this current. 
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ADVANCE \d 3
The harmonics content of the load voltage for the same value of UB are presented in figure 6.
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Figure 7 shows the input currents iS, with L = 1.2mH, C =120uF , sinusoidal waveforms for iS have been obtained.
ADVANCE \d 6
4. CONCLUSIONS

tc "CONCLUSIONS"

 
By comparing the circuit in figure1 with the proposed circuit [5] , we eliminate the external diodes, contributing thus to reduce the cost of circuit. At the same time, the dimension of the circuit are considerably reduced as we use a single heatsink and two switching modules witch contain each two IGBT’s and two diodes in opposition.


Using the command strategy presented, as a result of the simulation, we can notice that the magnitude of the fundamental harmonic of the load voltage is greater in [5], and the most significant harmonic appears at the double of the switching frequency.


In the realization of the power circuit it is enough a LC filter instead of a CLC one, sans alteration of the duty factor.


We have to mention that modifying the magnitude of the reference signals uB1 and uB2 does not determine significant phase shifting angle of the input currents. 

.
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Strategie de Comanda PWM sinusoidala cu injectie

 de armonici pentru  AC Chopper monofazat






         Rezumat


AC Chopper au rolul de conectare şi deconectare a sarcinilor de la o tensiune alternativă. Mai mult decât atâta ele pot modifica şi valoarea efectiva a tensiunii pe sarcina. Printre aplicaţiile cele mai numeroase menţionăm: încălzirea prin inducţie, controlul temperaturii şi iluminării, acţionari electrice etc.

In [5] este analizat un chopper monofazat de c.a. comandat PWM uniform cu frecventa ridicata (5kHz). In aceasta lucrare propunem un nou circuit de forta pentru chopperul de c.a. cu o cadere de tensiune pe comutatoare mai mica si il comandam PWM sinusoidal cu injectie de armonici, ceea ce conduce la un filtru mai simplu si un factor de putere ridicat, indiferent de valoarea semnalului de control. 


Schema de forţă a ac chopperului este realizată cu patru IGBT-uri câte doua pe capsula cu diode antiparalel incluse. Pentru conectarea sarcinii inductive la tensiunea de alimentare alternativa in semialternanţa pozitiva se comanda T1, iar in semialternanţa negativa T2. Pe durata cât aceste două IGBT-uri    sunt blocate, pentru eliminarea sarcinii stocate in inductanţa de sarcina se comanda IGBT-urile T3 respectiv T4.  Semnalele de comanda Vcom1 şi Vcom2 se obţin in urma comparării unei unde triunghiulare cu două unde de referinţa sinusoidale in opoziţie la care se adăugat componenta armonicei a 3 a. Semnalul de comanda Vcom2 este negatul semnalului Vcom1.


Performantele circuitului s-au probat prin simulare. Au fost simulate si prezentate in referat diagramele spectrale ale curentului de sarcina pentru trei valori distincte ale amplitudinii tensiunilor de referinţă. S-au prezentat diagramele spectrale ale tensiunii pe sarcina, forma de unda a curentului absorbit de la reţeaua alternativa.


In urma analizelor facute  se pot mentiona urmatoarele aspecte:


 -     schema propusa prezinta un pret de cost mai mic fata de schema ce contine doua IGBT-uri şi opt diode de comutatie;

· dimensiunile schemei se reduc considerabil daca luam in calcul  absenta radiatoarelor necesare diodelor de comutatie prezente (opt diode) ;

· valoarea fundamentalei tensiunii pe sarcina prezinta  majorari in cazul schemei cu patru IGBT-uri;

· se utilizeaza un filtru pe intrere de tip LC fata de un filtru CLC;
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Figure 1. Power circuit of ac chopper with filter.
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Figure 6. Harmonic content of load voltage vL.
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Figure 1. Power circuit of ac chopper with filter.
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Figure 6. Harmonic content of load voltage vL.
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