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Abstract

Inverters are in high demand today due to their broad applicability. Based on the area of use, various
types of inverters are available, with the Cascade H-bridge multilevel inverter being highly effective
for industrial, power system, and household applications. Traditional two-level inverters have several
limitations, including harmonic distortion and rapid voltage fluctuations in output. To address this,
techniques to reduce harmonics have been developed. One of the most efficient methods involves
using a cascade connection of H-bridges, which mitigates voltage fluctuations between levels, solving
issues faced by traditional two-level inverters. This project explores the Cascade H-Bridge multilevel
inverter, where multiple DC sources and numerous switches are utilized to minimize the voltage
difference between levels. MATLAB simulations demonstrate that increasing the levels of a Cascade
H-Bridge multilevel inverter results in an output waveform closely resembling a sine wave.

1. Introduction
The Cascade H-Bridge inverter consists of a series connection of H-bridge modules. In this design, H-
bridges are cascaded within each phase, and the combined output voltage produces a stepped
waveform. As more H-bridges are added, the waveform becomes increasingly sinusoidal. In an n-level
configuration, (n-1)/2 identical H-bridges are used per phase, with each module requiring its DC
source. This topology is well-suited for renewable energy systems like solar panels and fuel cells, as
it facilitates modular energy collection.
Renewable energy is becoming more prevalent in the grid, driven by the need for green energy. As
energy demand rises, additional power generation and transmission infrastructure are required.
Photovoltaic panels are a distributed energy source that can be installed at individual sites, such as
rooftops. These panels use single-phase inverters to convert DC power into regulated AC power for
loads. Power electronic converters play a vital role in generating AC voltage from DC sources,
enabling connection to the grid.
Given the high total harmonic distortion (THD) and power losses of conventional two- and three-level
inverters, as well as advancements in semiconductor switches, a new generation of multilevel inverters
has emerged. These devices combine DC sources and switches to deliver superior performance. By
producing a higher number of output voltage levels, multilevel inverters achieve smoother waveforms
closer to a pure sinusoid.

2.0Dbjectives
The objective is the design and analysis of a modular multilevel converter for photovoltaic applications
to improve power quality.
Developing and evaluating a Cascaded H-Bridge Multilevel Inverter (CHBMLI):
Addressing power quality issues such as harmonic reduction and voltage fluctuation.
Enhancing renewable energy integration:
Utilizing modular multilevel converters for better performance in solar photovoltaic systems.
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Simulation and analysis:
Using MATLAB to simulate and optimize multilevel inverter designs for improved efficiency and
output waveform quality.
1. Methodology
1.Components Specifications
1.1 DC Voltage Source
Amplitude: 100V
Rating: 100 W
Type: Monocrystalline
Maximum Power voltage (Vmp): 35-36 V
Current at Maximum Power (Imp): 2.77 A
Open circuit voltage: 40V
Short circuit :3.35A
Operating temperature: -40°C to 85°C
Efficiency:15-20%
1.2 MOSFET Switch
Configured in pairs for each H-bridge module to control power flow.
FET resistance Ron (Ohms): 0.1 Q
Internal diode resistance Rd (Ohms): 0.01 Q
Snubber resistance Rs (Ohms): 1e5 Q
1.3 OR Gate Operator
Ensures correct logic operation in the switching mechanism.
To control and synchronize the gate signals applied to MOSFETS.
1.4 Pulse Generator
Type: PWM (Pulse Width Modulation) controller
Generates gate pulses to control the MOSFET switches.
Adjustable frequency and duty cycle
Synchronization with input DC voltage and output load requirements.
1.5 Cascaded H-Bridge Connection
Consists of multiple H-bridge modules connected in series.
Each module operates at a different voltage level.
1.6 Resistor
100Q
Acts as a load for testing and stabilizing the circuit output.
1.7 Voltage Measurement
Connected across the load resistor.
Compatible with the expected output voltage range.
1.8 Scope for Output
Monitors voltage levels and harmonic content.
Displays time-domain signals.
1.9 PowerGUI
Simulation tool in MATLAB/Simulink.
Allows time-domain and frequency-domain analysis.
Handles steady-state and dynamic conditions.

2. System & design
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Fig 2.2.1 Ciruit diagram
Output Q1 Q2 Q3 Q4 Qs Q6
Voltage
+Vdc 1 0 0 1 0 0
+2Vdc/3 0 0 0 1 1 0
+Vde/3 0 0 0 1 0 1
0 0 0 1 1 0 0
o* 1 1 0 0 0 0
-Vde/3 0 1 0 0 1 0
-2Vdc/3 0 1 0 0 0 1
-Vdc 0 1 1 0 0 0
Note: “17 for ON, “0” for OFF

Fig 2.2.2 Truth table
The inverter's topology relies on connecting single-phase modules with independent DC sources.
Phase voltage is synthesized by summing the output voltages of individual cells. For example, in a
five-level cascaded inverter, each module can generate output levels such as +Vdc, 0, and -Vdc. The
resulting staircase waveform closely mimics a sinusoid without filtering.
The growing use of multilevel inverters across industries, homes, railways, and power systems stems
from their ability to deliver high-voltage levels, enhance efficiency, minimize switching stress, reduce
filter costs, and generate smooth output waveforms. The main advantages of multilevel inverters are:
1. Suitable for high-voltage, high-power applications.
2. Reduces total harmonic distortion (THD).
3. Minimizes switching stress.
4. Simplifies layout designs for manufacturing.
5. Uses a staircase waveform to approximate pure sinusoidal output as levels increase.
The output of five-level cascade H-bridge inverters is more reliable, with reduced switching stress and
superior fault tolerance compared to other inverter topologies.

3. MATLAB Design and simulation
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Fig 2.3.1 Simulation diagram of battery charglng using solar panel
Sinusoidal or other waveform signal generators are shown on the top. These signals act as reference
inputs for controlling the switches. Each input signal is fed into a control/modulation block (marked
as amplifiers or comparators). These units generate switching signals for the power switches (likely
PWM signals). The circuit contains multiple switches (likely IGBTs or MOSFETS) arranged in several
H-bridge or cascaded configurations. Each switch group has a parallel diode, which might work as a
freewheeling diode for reactive power compensation. Capacitors are connected across the switches,
indicating the presence of DC bus segments. These segments store and regulate DC voltage levels for
the inverter. The circuit includes multiple such levels connected in series. This indicates it is a
multilevel converter (like a cascaded H-bridge or diode-clamped multilevel topology). The outputs of
all switch stages are combined and connected to a resistive component, likely representing a load. On
the far-right, there’s a control or monitoring block to process or manage the output.

4. DESIGN & IMPLEMENTATION
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Fig 2.5.1 Output Waveform
The output voltage of this inverter comprises five distinct levels, similar to other multilevel inverter
designs. It operates using two H-bridge inverters connected in series. For a five-level cascaded H-
bridge inverter, eight switching devices are required.
As depicted in Fig 2.5, the inverter consists of two H-bridge circuits with a series connection, each
powered by a separate DC voltage source. Each H-bridge circuit uses four MOSFET switches,
resulting in a total of eight for the entire system. The two H-bridges are operated as series-connected
units, where the switches in the first H-bridge (S1, S4) and the second H-bridge (S1', S4") close
simultaneously while others remain off. This configuration produces a stepped waveform at the output.
Adding more levels increases the required DC sources and the system's complexity and cost, posing
significant design challenges.
Multilevel inverters are frequently used in applications where high power and superior power quality
are crucial, such as uninterruptible power supplies (UPS), photovoltaic power systems, and hybrid
powertrains.
To analyze the five-level inverter design in MATLAB, the modulation index—a measure of the ratio
between the modulation and carrier waveforms' peak amplitudes—is first determined. This index
directly relates to the inverter's DC-link voltage. A sine wave (the reference signal) is compared to
four triangular carrier waves of varying amplitudes, producing pulse waveforms. These waveforms
form the basis for PWM (Pulse Width Modulation), generating signals to control the inverter switches.
Following this, FFT analysis is performed to evaluate system performance.

Conclusion

The cascaded H-bridge multilevel inverter is a promising topology for applications requiring high-
power and high voltage power conversion. It has the capability to synthesize a wide range of output
voltages and is suitable for both high-power industrial and low-power residential applications.
Furthermore, it is capable of operating with reduced harmonic distortion and offers a lower total
harmonic distortion than other multilevel inverters. The cascaded multilevel inverter is also able to
adjust the DC bus voltage and increase the power efficiency in the power grid, making it an attractive
option for use in renewable energy systems.
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