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PWM AC CHOPPERS FOR HIGH VOLTAGE APPLICATIONS

 Due to the commutation problems of the PWM direct converters, the field of AC-AC energy direct conversion was developed less than the other conversion's types (DC-DC, AC-DC or DC-AC converters). Recent papers shown that can be developed robust two levels AC choppers, which solve completely the problem of the over voltages commutation. Starting by these structures with two levels, research workers from all over the world analyze the possibility to extend the field of applicability for high AC voltages. In this way, the paper presents different robust topologies of differential PWM AC choppers, with two and multi voltage levels, that don't allow the continuity of neutral wire. The simulation and experimental results confirm theoretic previsions concerning the possibility of development for new and robust high voltages PWM AC choppers.

INTRODUCTION

Numerous loads work at the electricity network frequency and need interfaces for power adjustment. As part of existent equipments, many interfaces are made with thyristors or triacs, robust, economic and easy to use power devices. The power adjustment is made by phase -control, a low power factor can be obtained by the increase of firing angle. The absorbed current's harmonics present high amplitudes and low frequencies. The use of some passive filters is not recommended, due to the place of these harmonics near the fundamental harmonic at the electricity network frequency. Also the size, weight and price of the passive elements could be high. Therefore, direct AC-AC converters with thyristors are placed outside of new electromagnetic compatibility (CEM) standards that limit the admitted perturbations in the electricity network. More, the reactive power absorbed by these converters changes at the same time with the delay angle of the command. The reply time is important and its value is bigger than some periods of the electricity network. Also, the output voltage presents high amplitudes and low frequency harmonics that limit the use of these types of converters, for less sensible loads. Recent researches, concerning pulse width modulation (PWM) power rectifiers with sinusoidal current absorption, lead to the development of some nonpolluant converters, asked by CEM standards. The association of these PWM power rectifiers with PWM inverters leads to obtain performant, but expensive AC-AC converters. The PWM AC chopper's property [START_REF] Kwon | Novel topologies of AC choppers[END_REF][START_REF] Min | Novel PWM line conditioner with fast output voltage control[END_REF][START_REF] Kwon | Novel commutation technique of AC-AC converters[END_REF] consists in carrying out the CEM standards by using a little passive filter. These choppers could be the simplest and economic solution to substitute the variablevoltage regulators based on thyristors. The reply time is very small in comparison with the electricity network period and, by the output voltage filtration we can obtain a power supply for less sensible loads. The filters have an important influence upon certain applications of PWM two levels converters. By a proper command, we can obtain the decrease or even the compensation of this influence, but only for small signals operation. For big signals operation (high voltage input supply of power converters) the saturation has an important role and we suggest the use of multilevel PWM power converters for the compensation of the filter's characteristics. Different researches show that the principle of DC-DC multilevel direct converters [START_REF] Meynard | Multi-Level Choppers For High Voltage Applications[END_REF] can be applied even to AC-AC energy direct conversions [START_REF] Lefeuvre | Robust two-level and multilevel PWM AC Choppers[END_REF][START_REF] Lefeuvre | Convertisseurs alternatif-alternatif directs à base de cellules de commutation deux quadrants[END_REF][START_REF] Floricau | Novel Topologies of DPWM multi-cells AC Choppers[END_REF][START_REF] Floricau | Multilevel Differential PWM AC Choppers for High Voltage Applications[END_REF]. The purpose of this paper is to show the operation of some robust AC differential PWM choppers with two and multilevel voltage, that don't allow the continuity of the neutral wire [START_REF] Lefeuvre | Convertisseurs alternatif-alternatif directs à base de cellules de commutation deux quadrants[END_REF][START_REF] Floricau | Structuri Robuste de Convertoare PWM Directe Alternativ-Alternativ[END_REF]. These AC PWM choppers use fast power devices (e.g. IGBTs) and present significant advantages in comparison with classic topologies of AC-AC direct energy conversion, like: they don't need a DC intermediary circuit, both the output voltage and the absorbed current are quasisinusoidal, better power factor, smaller input/output filters, solve the commutation problem, high reliability etc.

ROBUST TWO-LEVEL PWM AC CHOPPER

Recently, were published new structures and commands for PWM AC choppers [1-3] -Fig. 1. Generally, these topologies are made with two commutation cells CC1 and CC2 with two switches, each in three segments (bi-directional in current and uni-directional in voltage). Due to the connection of AC input voltage between the commutation cells, this structure is called "differential". The PWM converter's command depends on the polarity of input supply voltage (Fig. 2). On the positive alternances of the input supply system ua, the CC1 cell is active, while the CC2 cell is passive. The CC1 cell's IGBTs (T11, T12) are complementary commanded by the pulse width modulation principle, while the CC2 cell's IGBTs (T21, T22) are ON commanded. On the negative alternances of the input supply system, the role of the commutation cells is inverted. IGBTs are PWM commanded with a constant duty cycle, only on a half of the input supply system's period.

Ca and Cb are decoupling capacitors that allow the inductive load current continuity, for all the situations when IGBTs are OFF commanded. These situations appear during the dead time (td), at each transition through zero of the input supply voltage (ua). In this way, the risk of apearence of commutation's overvoltages is completely eliminated. The voltages of decoupling capacitors are always positive.

The applicability limits for this command are: -accuracy for input supply voltage sign detection; -delay between the input supply voltage sign detection and the effective change of IGBT's state; we specify that, this delay owes to: IGBT's command circuits, dynamic operation of power devices, command strategy etc.. In practice, the structure shown in Fig. 1 is completed with two LC filters (Fig. 3), one on the input side (LiCi) and other on the output side (LoCo) with the purpose to obtain a quasi-sinusoidal input current and a quasisinusoidal output voltage. After the analyze of the simulation's results we see that, for any command sequence, we can avoid any risk of voltage spikes appearance, likewise with unidirectional PWM DC chopper or with two level PWM inverter (Fig. 4). The adjustment of output voltage is made with a very good accuracy by changing the duty cycle .

Some particular properties of these differential structures deserve to be mentioned: -we can develop them starting by standard cells, used in classic PWM voltage source inverter, available as monolithic power devices; -decoupling capacitors are connected in parallel with the commutation cell and they reduce the risk of voltage spikes appearance, which confers a certain robustness for this type of structure. 

ROBUST MULTILEVEL PWM AC CHOPPER

In 1990, research workers from LEEI ENSEEIHT INP Toulouse elaborated a new theory concerning the imbricate of many commutation cells and they developed particular flying capacitor structures for PWM DC-DC and DC-AC / AC-DC energy conversion. These PWM converters are named "multi cells converters" and switches and capacitors, which have flying voltage source role, make them. The output voltage, called "multilevel", represents a subdivision of intermediary voltages, which leads to the reduction of harmonics amplitudes due to the commutation process.

Among numerous advantages presented by these structures, we mention:

-the apparent increase of output voltage's commutation frequency in comparison with cell's switching frequency (fp); -the decrease of power devices stress voltage.

Presently, the flying capacitor structures are used in applications with PWM DC choppers and PWM inverters / rectifiers. Recent studies [START_REF] Lefeuvre | Convertisseurs alternatif-alternatif directs à base de cellules de commutation deux quadrants[END_REF] shown that the flying capacitor principle can be used in the case of differential PWM AC choppers, too.

This paper presents a differential robust structure with four voltage levels (Fig. 5), where three cells compose each arm. Due to the diodes, the voltage of flying capacitor C2 (uC2) is unidirectional and smaller than, or equal with the input supply voltage. The voltage of flying capacitor C1 (uC1) is smaller than, or equal with uC2, too. For a balanced operation, the uC2 voltage is equal with 2ua/3 and the uC1 voltage is equal with ua/3. Thus, each power device supports a voltage equal with ua/3.

The operation of multilevel PWM AC chopper is similar with multilevel PWM DC chopper's operation.

The PWM command depends on the input supply voltage polarity. The apparent commutation frequency is multiplied with each arm's number of cells. In this study, p=3, the apparent commutation frequency was multiplied by three. Principally, this phenomenon is due to the input filter excitation by important variations of current, which crosses through flying capacitors. Even if the balancing dynamic is good, the flying capacitors voltage's variation tends to be delayed in comparison with input supply voltage ua. The accomplished simulations shown the balancing filter's effectiveness: the flying capacitors voltages are properly distributed at almost complete electricity network period. However, immediately after the passage through zero of the input voltage ua, appears the command's change phenomenon and the flying capacitors voltages present a little delay, tied on the filter's dynamic. These lacks of balance are temporary only in close proximity of zero and they have no effects on the power devices. The maximum voltage supported by each power device is limited to the third part from the maximum input voltage, that is about 700V for the study presented in this paper.
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EXPERIMENTAL RESULTS OF THE TWO-LEVEL STRUCTURE

Experimental results of a two-level 2kVA prototype are presented on Fig. 8. It shows the good switching operation of the converter: there are neither voltage ua The input voltage sign detector circuit [START_REF] Lefeuvre | Robust two-level and multilevel PWM AC Choppers[END_REF] implemented on the prototype is presented in Fig. 9. It is very simple, cheap and reliable. It contains a fewrobustdiscrete elements: 3 resistors, 2 small signal diodes and one small signal NPN transistor. On Fig. 10, experimental waveforms shows that the detector circuit is not as fast and sensitive, but enough for this application. 
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CONCLUSIONS

The differential PWM AC choppers have a large field of applicability and could be difficult to write a detailed list. Generally, these converters can be used for power's adjustment in the greatest part of loads that are powered in alternative at electricity network frequency. Also they operate at high switching frequencies, they use small passive filters, they absorb quasi-sinusoidal currents from the electricity network and supply quasi-sinusoidal output voltages.

In this way, they are in harmony with CEM standards, a very important aspect for industrial equipments. 
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 1 Fig.1 Robust two-level differential PWM AC chopper.
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 2 Fig.2 Theoretical voltage waveforms and gating signals of the IGBTs.
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 3 Fig.3 Structure of simulated converter.
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 4 Fig.4 Simulation results for: ua, uca, ucb, is and ica (fp=12000Hz, td=1.5s şi =0.8).

Fig. 5

 5 Fig.5 Differential PWM AC Chopper with 4 voltage levels and balancing filter.
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 6 Fig.6 and 7show the balancing of flying capacitors voltages for different duty cycles. By analyzing the input current variation ii, we see some undulations at each passage throw zero of the input voltage. Principally, this phenomenon is due to the input filter excitation by important variations of current, which crosses through flying capacitors. Even if the balancing dynamic is good, the flying capacitors voltage's variation tends to be delayed in comparison

  a) Flying capacitors voltages, b) Output voltage, c) output currents for =0.3.

  Fig.7 a) Flying capacitors voltages b) Output voltage, c) input and output currents for =0.6. spikes nor current spikes that could damage the switches. With a constant duty cycle, load voltage and input current are quasi-sinusoidal. The pulse width modulation strategy is implemented on PIC18F1320, a microprocessor from the Microchip family. Current protection uses LEM LA25 transducer. The power structure contains 2 IGBT modules type SKM 50GB 101D. Dead time (td) was fixed at 1.5s and the switching frequency at 10kHz.
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 89 Fig.8 Experimental Waveforms of the two-level AC Chopper.

  The differential PWM AC chopper's structure with p+1 voltage levels is obtained by the replacement of each commutation cell with a multi cells arm, which contains p imbricate commutation cells. The flying capacitors assure the equal distribution of voltage in part on each commutation cell. For a balanced operation the voltage supported by each switch is the total voltage divided by p. Another advantage consists in an apparent multiplication with p of the commutation frequency. The disadvantages for these differential PWM AC choppers are, principally, tied on dynamic balancing of flying capacitors voltages. The simulation's results show that is possible to obtain a satisfactory balancing, by using some balancing filters. The experimental results of a twolevel 2kVA prototype show the good switching operation of the converter.