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Abstract

Cascade H-bridge inverter has been widely used in various applications, especially where separate DC sources naturally
exist in the places, such as Photovoltaics, fuel cells, battery energy storage, and electric vehicle drives. The advantages of
cascade type inverters include the capability of reaching higher output voltage level by using standard lower voltage
devices, and the modular design concept which makes the maintenance less burdensome.. The proposed cascade dual
buck inverter with phase-shift control 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 MOSFETs. With phase-shift control, it theoretically
eliminates the inherent current zero-crossing distortion of the single-unit dual buck type inverter. In addition, phase-shift
control and cascade topology can greatly reduce the ripple current or cut down the size of passive components by
increasing the equivalent switching frequency. A cascade dual buck inverter has been designed and tested to demonstrate
the feasibility and advantages of the system by comparing single-unit dual buck inverter, 2-unit and 3-unit cascade dual
buck inverters at the same 1 kW, 120 V ac output conditions. Hybrid PWM technique leads to better performance of the
cascade dual-buck full-bridge inverter as compared to cascade H bridge, it provides less output current ripple and
harmonics, no zero-crossing distortion, and higher efficiency
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1. Introduction

Numerous industrial applications have begun to require higher power apparatus in 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 multilevel converter 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 S
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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.
Advantages and Disadvantages

A multilevel converter has several advantages over a conventional two-level converter that uses high switching
frequency pulse width modulation (PWM). The attractive features of a multilevel converter can be briefly summarized as
follows.

e Staircase waveform quality: Multilevel converters not only can generate the output voltages with very low
distortion, but also can reduce the dv/dt stresses; therefore electromagnetic compatibility (EMC) problems can be
reduced.

e Common-mode (CM) voltage: Multilevel converters produce smaller CM voltage; therefore, the stress in the
bearings of a motor connected to a multilevel motor drive can be reduced. Furthermore, CM voltage can be
eliminated by using advanced modulation strategies

e Input current: Multilevel converters can draw input current with low distortion.

e Switching frequency: Multilevel converters can operate at both fundamental switching frequency and high
switching frequency PWM. It should be noted that lower switching frequency usually means lower switching loss
and higher efficiency.

Unfortunately, multilevel converters do have some disadvantages. One particular disadvantage is the greater number of

power semiconductor switches needed. Although lower voltage rated switches can be utilized in a multilevel converter,
each switch requires a related gate drive circuit. This may cause the overall system to be more expensive and complex.

Plentiful multilevel converter topologies have been proposed during the last two decades Contemporary research has

engaged novel converter topologies and unique modulation schemes. Moreover, three different major multilevel converter
structures have been reported in the literature: cascaded H-bridges converter with separate dc sources, diode clamped

(neutral- clamped), and flying capacitors (capacitor clamped). Moreover, abundant modulation techniques and control

paradigms have been developed for multilevel converters such as sinusoidal pulse width modulation (SPWM), selective

harmonic elimination (SHE-PWM), space vector modulation (SVM), and others. In addition, many multilevel converter
applications focus on industrial medium-voltage motor drives, utility interface for renewable energy systems, flexible AC
transmission system (FACTS), and traction drive systems.

2. Topology and Operation Principle

The single-unit dual buck inverter has two basic forms, dual buck half-bridge inverter [22], [24] and dual buck full-bridge

inverter [23]. The proposed cascade dual buck inverter has

Page 1 3

© 1JERGS, All Rights Reserved.



Hafsa Fathima, et al. International Journal of Engineering Research and Generic Science (IJERGYS)

e
- :-‘-@L:) |— ] T = o
| < =L L == <, L = /--..\/
== ... ,JE] ~ T
~
—=x b "‘1L‘J'E' = >,
3 e
e - — 31—t
-
=== s IE]s: k ———
=~
Ll
H
P L ‘--;_-JE] * I n =
2 Z e H
H
- [E2 i
T
< N e
e IIEI S s
~r

Figure 1: Topology of cascade dual buck half-bridge inverter.
Two types accordingly: cascade dual buck half-bridge inverter, shown in Fig. 1, and cascade dual buck full-bridge
inverter, shown in Fig. 3. This paper will focus on the analysis, design, and testing of the cascade dual buck half-bridge
inverter to demonstrate the feasibility and advantages of cascade dual buck inverters. In [24], the control strategy for two
dual buck half-bridge inverters in series output to obtain higher voltage was proposed. However, the two dual buck
inverters shared the same dc power supply, had two sets of filter inductor and capacitor, and the connection was only
effective for two units. The proposed inverter in this paper features a different series connection concept, the cascading,
which has separate dc power supplies for each cell, and is extended to N unit connection, and shares the same filter
components. Fig. 1 shows the topology of the proposed cascade dual buck half-bridge inverter. It consists of N units of
single dual buck half-bridge inverter. Each unit is composed of two power MOSFETS and two fast recovery diodes. Each
unit has two output ports, iP and iN (i =1, 2. .. N). To realize the cascade topology, the iN port of the ith unit is connected
with the (i +1)P port of the (i + 1)th unit, and port 1P and NN are used as the output ports. Sip and Dip are a working pair,
and operate at the positive half-cycle of output current i. Sin and Din are another working pair, and operate at the negative

half-cycle of output current i. The single unit operation modes are shown in Fig. 2 [22],
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Figure 2 : Operation modes of single-unit dual buck half-bridge inverter.(a) Positive current, S1p turned ON. (b) Positive

current, D1p free-wheeling.(c) Negative current, S1n turned ON. (d) Negative current, D1n free-wheeling
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3. Phase-Shift Control 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, S1n 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.
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Figure 3: 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.
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Figure 4: Equivalent circuit of single-unit half-bridge dual buck inverter when S1p is ON.
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.
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Figure 6: Experimental result of single-unit half-bridge dual buck inverter at zero crossing period.
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4. Simulation Diagram And Result

The analysis, design and implementation of the cascade dual-buck inverters has been carried out and presented in this
chapter. Compared to traditional cascade inverters, cascade dual-buck inverters have enhanced system reliability, no dead
time and shoot-through concerns and they can achieve lower switching losses with the help of using power MOSFETS.
Simulation result of dual-buck full-bridge inverter under AHCU PWM

Figure 7: Simulation diagram of Single dual-buck inverter
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Figure 8: Simulation diagram of Bipolar PWM and Uni-Polar PWM

The output of sliding mode controller is the actual speed which is estimated from motor current and voltage as its input.
The controller is designed with the help of above equations which is described in section VI.
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Figure 9 : Waveform of Output Voltage and current
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Figure 10: Waveforms of voltage and current at zero crossing
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Figure 11: Waveforms of voltage and current at zero crossing
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