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Abstract

Cascade H-bridge inverter has been widely used in various appli(_:ations, especially where separate DC sources naturally
exist in the places, such as Photovoltaic, fuel cells, battery energy storage, and electric vehicle drives. The proposed
cascade dual buck inverter with phase-shift MANAGEMENT inherits all the merits of dual buck type inverters and
overcomes some of their drawbacks. Compare to traditional cascade inverters, it has much enhanced system reliability
thanks to no shoot-through problems and lower switching loss with the help of using power MOSFETSs.With phase-shift
MANAGEMENT, it theoretically eliminates the inherent current zero-crossing distortion of the single-unit dual buck type
inverter. In addition, phase-shift MANAGEMENT and cascade topology can greatly reduce the ripple current or cut down
the size of passive components by increasing the equivalent switching frequency.
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Introduction

Numerous industrial applications have begun to require higher power apparatus recent years. Some medium voltage
motor drives and utility applications require medium voltage and megawatt power level. For a medium voltage grid, it is
troublesome to connect only one power semiconductor switch directly. As a result, a multilevel power converter
structure has been introduced as an alternative in high power and medium voltage situations. A multilevel converter not
only achieves high power ratings, but also enables the use of renewable energy sources. Renewable energy sources such
as photovoltaic, wind, and fuel cells can be easily interfaced to a multilevel converter system for a high power
application.

The concept of multilevel converters has been introduced since 1975. The term multilevel began with the three-level
converter . Subsequently, several multilevelconverter topologies have been developed . However, the elementary concept
of a multilevel converter to achieve higher power is to use a series of power semiconductor switches with several lower
voltage dc sources to perform the power conversion by synthesizing a staircase voltage waveform. Capacitors, batteries,
and renewable energy voltage sources can be used as the multiple dc voltage sources. The commutation of the power
switches aggregate these multiple dc sources in order to achieve high voltage at the output; however, the rated voltage of
the power semiconductor switches depends only upon the rating of the dc voltage sources to which they are connected.
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Circuit Diagram
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Single-unit dual buck full-bridge inverter serving as one cell for cascade dual buck full-bridge inverter. (a) Single-unit
dual buck full-bridge inverter.(b) Cascade dual buck full-bridge inverter.

Pulse Width Modulation (PWM)

Pulse Width Modulation (PWM) is the most effective means to achieve constant voltage battery charging by switching the
solar system management power devices. When in PWM regulation, the current from the solar array tapers according to
the battery’s condition and recharging needs Consider a waveform such as this: it is a voltage switching between Ov and
12v. It is fairly obvious that, since the voltage is at 12v for exactly as long as it is at Ov, then a 'suitable device' connected
to its output will see the average voltage and think it is being fed 6v - exactly half of 12v. So by varying the width of the

positive pulse - we can vary the 'average' voltage.

Similarly, if the switches keep the voltage at 12 for 3 times as long as at Ov, the average will be 3/4 of 12v - or 9v, as

shown below and if the output pulse of 12v lasts only 25% of the overall time, then the average is
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By varying - or 'modulating’ - the time that the output is at 12v (i.e. the width of the positive pulse) we can alter the
average voltage. So we are doing 'pulse width modulation'. | said earlier that the output had to feed ‘a suitable device'. A
radio would not work from this: the radio would see 12v then Ov, and would probably not work properly. However a
device such as a motor will respond to the average, so PWM is a natural for motor management.

Phase-Shift Management Analysis

One of the significant characteristics of a single-unit dual buck type inverter is that the switch is selectively working based
on the direction of output current. From the operation modes of single-unit half-bridge dual buck inverter in Fig. 2, we can
clearly see that when il is positive, S1p andD1p are the working pair, and when il is negative, SIn and D1n are the
working pair. However, this distinctive operation leads to its inherent drawback, current zero-crossing distortion, which
will be explained in detail below. This issue can be passively mitigated by turning on both S1p and S1n near zero-crossing
period. However, this remedy is against the operating principle and the best feature of the dual buck type inverter, which
is high reliability by avoiding turning on both active switches at the same time. In addition, this passive measure results in
higher switching losses because at zero-crossing period two switches are switching while the original goal of dual buck
inverter is to have only one switch operating at any given time.

On both S1p and S1n near zero-crossing period. However, this remedy is against the operating principle and the best
feature of the dual buck type inverter, which is high reliability by avoiding turning on both active switches at the same
time. In addition, this passive measure results in higher switching losses because at zero-crossing period two switches are
switching while the original goal of dual buck inverter is to have only one switch operating at any given time.

Thankfully, cascade topology solves the issue of zero crossing distortion by using phase-shift management scheme. With
phase shifted PWM fed to different cascade units, current zero crossing distortion is theoretically eliminated. In addition,
the phase-shift management greatly increases the equivalent switching frequency by N times that of single-unit inverter,
which leads to significantly lower current ripple or smaller passive filter components.

Results

To prove the viability and merits of the proposed cascade dual buck inverter with phase-shift management, a 1 kW, 120 V
ac output cascade dual buck half-bridge inverter system in standalone operation was designed and tested. The system
structure of the experiment is the same as in Fig.1, and the management scheme applied is shown in Figs. 13 and 15.

The system managementler and PWM generation are conducted by TI floating point DSP TMS320F28335. The switching
frequency of the devices is set to be 20 kHz. Because the cascade dual buck inverter adopts phase-shifted PWM
management, the equivalent switching frequency of the inverter is 40 kHz for 2-unit and 60 kHz for 3-unit cascade
inverters, respectively. The MOSFET is selected as STY80NM60 N with on-resistance 35 mQ, and the diode is €Y)
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RURG3060 with reverse recovery time 55 ns. The passive components are selected as follows: Lj p = Lj n = 250 uH, Lf =

1 mH, Cf = 2.4 uF, and Cd = 1.2 mF. The system has the ability of serving as single-unit, 2-unit, and 3-unit systems. For

comparison, tests were conducted with single-unit, 2-unit, as well as 3-unit systems. All the output power of three tests is

1 kW, and output ac voltage is 120 V RMS. For single-unit system, Vdc is 360 V, and for 2-unit cascade system, Vdc is
180 V, and for 3-unit cascade system, Vdc is 120 V.
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Output current io , ac and dc voltage waveforms for single-unit, 2-unit cascade, and 3-unit cascade inverter system at 1

kW. (a) Single-unit inverter. (b) 2-unit cascade inverter. (c) 3-unit cascade inverter.

Conclusion

A new series of cascade dual buck inverters has been proposed based on single-unit dual buck inverters. The cascade dual

buck inverter has all the merits of traditional cascade inverters, and improves on its reliability by eliminating shoot-

through worries and dead-time concerns. With the adoption of phase-shift management, the cascade dual buck inverter

solves the inherent current zero-crossing distortion problem of single-unit dual buck inverter.
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