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NEW ERA OF INVERTERS

Abstract:
       Multilevel inverters are very useful compare to the two-level inverter because of its use of low rating devices and less EMI problem and also less dv/dt. But conventional multilevel inverters are generally avoided in industry because of its complexity. The power circuit proposed in this work is the simplest of all the existing five-level inverter but still it is capable of performing same as the others. 

     Asymmetrical pole voltage produces the unwanted common-mode voltage in the induction motor drive system. Common-mode voltage elimination is necessary in the induction motor drives because this alternating common mode voltage produce leakage current that will flow through the rotor and produce erosion in the rotor body and also produce motor failure. So elimination of common mode voltage is very necessary. This circuit is capable of eliminating the common-mode voltage. 

     A five level inverter requires four voltage sources, but here the circuit is reduced by reducing the number of the DC voltage sources. Here two DC voltage sources are used which are divided by four parts by the four DC-link capacitors, but unbalance may occur in the capacitor voltages. The controller used in this proposed method is capable of balance the DC-link capacitor voltages if unbalancing occur.
             This paper presents Ability to reduce the voltage stress on each power device due to the utilization of multiple levels on the DC bus.   Important when a high DC side voltage is imposed by an application (e.g. traction systems).  Even at low switching frequencies, smaller distortion in the multilevel inverter AC side waveform can be achieved.

     The main multilevel inverter circuit topologies are

1. Diode-clamped Multilevel Inverter

2. Imbricated Cell Multilevel Inverter

3. Modular Structured Multilevel Inverter

Introduction:
     An inverter is a circuit which converts a dc power into an ac power at desired output voltage and frequency.  The ac output voltage could be fixed at a fixed voltage or variable frequency.  The voltage waveforms of an ideal inverter should be sinusoidal.  The voltage waveforms of two level inverters are, however, non sinusoidal and contain certain harmonics.

      To obtain a quality output voltage or a current waveform with a minimum amount of ripple content, they require high-switching frequency along with various pulse width modulation (PWM) strategies.  The multilevel inverters have drawn tremendous interest in the power industry.  They present a new set of features that are well suited for using reactive power compensation.  As the number of voltage levels increases, the harmonic content of the output voltage waveform decreases significantly.

Diode-clamped multilevel inverter (DCMI):
 Structure and basic operating principle:

       It consists of series connected capacitors that divide DC bus voltage into a set of capacitor voltages. A DCMI with nl number of levels typically comprises (n-1) capacitors on the DC bus. Voltage across each capacitor is VDC/(n-1) (n nodes on DC bus, nl levels of output phase voltage, (2n-1) levels of output Levels of output voltage)

      Output phase voltage can assume any voltage level by selecting any of the nodes. DCMI is considered as a type of multiplexer that attaches the output to one of the available nodes. Consists of main power devices in series with their respective main diodes connected in parallel and clamping diodes. Main diodes conduct only when most upper or lower node is selected. Although main diodes have same voltage rating as main power devices, much lower current rating is allowable. In each phase leg, the forward voltage across each main power device is clamped by the connection of diodes between the main power devices and the nodes. Number of power devices in ON state for any selection of node is always equal to(n-1).Output phase voltage with corresponding switching states of power devices for a 5-level DCMI
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                            Fig: Circuit Diagram of Diode Clamped Multilevel Inverter
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        Fig: Power Devices switching sequences of Diode Clamped Multilevel Inverter

Imbricate cell multilevel inverter:
    Structure and basic operating principle:
         Employs separate capacitors precharged to

              [(n-1)/ (n-1)xVDC], [(n-2)/(n-1)xVDC] …{[n-(n-1)]/[n-1]xVDC} 

Size of voltage increment between two capacitors defines size of voltage steps in ICMI output voltage waveform.  n-level ICMI has nl levels output phase voltage and (2n-1) levels output line voltage. Output voltage produced by switching the right combinations of power devices to allow adding or subtracting of the capacitor voltages. Constraints are capacitors are never shorted to each other and current continuity to the DC bus capacitor is maintained 5-level ICMI – 16 power devices switching combinations (SWC). To produce VDC and 0 (1 SWC – all upper devices ON, all lower devices ON), VDC/2 (6 SWC), VDC/4 and 3VDC/4 (4 SWC).
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                       Fig: Circuit Diagram of Imbricated cell Multilevel Inverter
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             Fig: Power Devices switching sequences of Imbricated Multilevel Inverter

Modular structured multilevel inverter (MSMI)

      Referred to as cascaded-inverters with Separate DC Sources (SDCs) or series connected H-bridge inverters. 

Structure and basic operating principle
Consists of (n–1)/2 or h number of single-phase H-bridge inverters (MSMI modules)

MSMI output phase voltage 

Vo = Vm1 + Vm2 +…. Vmh                                                        

Vm1: output voltage of module 1

Vm2: output voltage of module 2 

Vmh: output voltage of module h

General features

1. Known to eliminate the excessively large number of bulky transformers required    

    by the multipulse inverters, clamping diodes required by the DCMIs and capacitors     

    required by the ICMIs.
2. Simple and modular configuration.

3.  Requires least number of components 

Comparison of power devices requirements per phase leg among three MLI (assuming all power devices have same voltage rating,  not necessary same current rating, each MSMI module represented by a full-bridge, DCMI and ICMI use half-bridge topology).

Flexibility in extending to higher number of levels without undue increase in circuit complexity simplifies fault finding and repair, facilitates packaging. Requires DC sources isolated from one another for each module for applications involving real power transfer

Structure of a single-phase n-level MSMI
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                      Fig: Circuit Diagram of Modular Structured Multilevel Inverter
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  Fig: Power Devices switching sequences of Modular Structured Multilevel Inverter
Conclusion:
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     The Multilevel Inverters has an advantage of availability of output phase voltage redundancies. This inverter allows optimised cyclic use of power devices to ensure symmetrical utilization, symmetrical thermal problems and wear. Design of power devices utilization pattern possible. Overall improvement in MSMI performance – high quality output voltage. The following table shows the apparatus required for a multilevel inverter.
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