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Abstract: In this paper a three-phase developed H-bridge
multilevel inverter (MLI) based stand-alone solar photovoltaic
system is presented. The proposed topology can generate 7-levels
of phase voltages and 13-levels of line voltages. The proposed MLI
consists of six switches, two asymmetric dc sources to generate
seven positive voltage states in each phase, as a result, a higher
number of voltage levels are obtained with a minimum number of
switches. This in turn, make the proposed topology less complex
in-terms of architecture and control. Furthermore, Phase
disposition pulse width modulation (PD-PWM) technique is opted
as a control scheme for controlling MLI switching. After this,
Solar photovoltaic system with three-phase developed H-bridge
MLI is modelled and simulated on the MATLAB platform. When
this thirteen-level MLI is connected with PV panels, will reduce
the harmonics with smaller number of components. The obtained
total harmonic distortion is less. Finally, the performance of the
proposed MLI is validated by simulation.

Index Terms—Photovoltaic cell, Phase disposition (PD-PWM),
Multilevel inverter (MLI), Total Harmonic Distortion (THD).

I. INTRODUCTION

OW a days, demand of electricity all over the world is

rapidly increasing which results in the depletion of
conventional energy resources such as oil, natural, coal, gas,
etc. Using sustainable and dependable energy sources, such as
non-conventional or renewable energy resources, will help the
globe fulfill its future electricity needs. So, researchers are
primarily concentrating their attention on the power generation
method based on unconventional energy sources.[1] In this
regard, one of the most gifted renewable energy sources is PV.
PV is frequently chosen to address future energy needs because
it is pollution and noise-free.[2] 2020 will see 142 GW added
to the world's yearly solar installations, an increase of 14% over
2019. However, some of the dc loads are powered by
photovoltaic (PV) system's directly generated dc power, but the
majority of the remaining loads need ac power. This conversion
is carried out using an inverter. [3] Traditionally, the two-level
inverter may provide an AC output that has the same peak value
throughout both positive and negative cycles. A substantial
amount of EMI, voltage stress on power components, losses,
total harmonic distortion (THD), and the requirement for
extensive filtering are some of the disadvantages of the two-
level inverter. Due to the numerous shortcomings of two-level
inverters, multilevel inverters (MLI) are becoming more and
more common in high voltage and high efficiency applications.

These benefits include improved electromagnetic interference
(EMI), reduced total harmonic distortion (THD), reduced dv/dt
stress on switches, and multistep voltage waveforms. Neutral

point clamp (NPC) MLI, Cascaded H-bridge (CHB) inverter,
and Flying Capacitor FC-MLI are the three basic MLI
topologies. In NPC and FC-MLI, the quantity of diodes,
capacitors, and switches grows as the voltage level rises.
Moreover, voltage balancing issues cause both NPC and FC-
MLI to produce more steps. [4] H-bridge topologies are
becoming more popular among the many multilevel topologies
due to their increased dependability and modular design [5]. In
this paper, A three-phase H bridge MLI is proposed which
mitigates all the demerits associated with conventional and two
level MLI topologies. To control the proposed MLI, level
shifted PWM technique is used.

II. METHODLOGY

The entire proposed research work is modelled on
MATLAB/ Simulink software. The methodology of proposed
three-phase developed H-bridge MLI with standalone PV
system is shown in Figure-1 step by step with the help of flow
chart.

Literature review

Problem identification

PV system design with
DC- DC converter

M
VL

Design of three-phase |
developed H-Bridge
multilevel inverter

Simulation
‘ and analysis

i

v

PD-PWM

Techni . 5
SEREET Simulation

and analysis :>

Performance Analysis
of the System

Integration [:>

Figure 1: Methodology of proposed research work

III. PROPOSED SYSTEM

Figure-2 shows the block diagram of proposed three-phase
MLI with stand-alone solar energy system. The PV panel is
connected with proposed MLI through Boost converter by
using suitable MPPT technique. After this, Multicarrier PWM
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technique is also used to reduce the harmonics of MLI. This as
a result makes the proposed MLI suitable for PV system.
Finally, the three-phase load is connected with proposed MLI.
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Figure 2: shows the block diagram of proposed three-
phase MLI with standalone solar energy system.

A. PV panels:

PV system is selected for the application. The various ratings
of PV Panels used in this research work are tabulated in Table
1. The inputs of the solar PV module are temperature and

irradiation. Four PV panels have been used, each of ratting is
S0W.

Figure-3 shows an equivalent circuit of solar cell circuit. The
simplified circuit consists of series and parallel resistors, a
single current source and a P-N junction diode. The diode is
used to produce a stream of charges by absorbing solar
irradiance. The equations of output current, PV current and
thermal voltage are given as follows:

The output current of PV is given in equation 1.
V+IRg V+Rgl
I'= Iy = Io [exp (522) = 1] () )

A R
where Vtis the thermal voltage, [ is the reverse saturated
current, Rs is the series resistance, V is the output voltage of
PV, a is the ideality factor, I is the output current, and Ipy is the
PV current. The PV current can be found by using Equation 2.

Ipv = (Isc + ki(T - Tn)) X Gi (2)

Here, k; is the temperature coefficient of current, G is the
irradiance, T,, is the standard temperature, G, is standard
irradiance, [, is the short circuit current, and temperature of the
module is represented by T in degree Kelvin. The reverse
saturated current can be found by using equation 3.

V:)cn + kv(T - Tn) _ 1]
aV,

Io =1Ly / [eXp< 3)
Here,L,,is the photon current,V,., is the open circuit

voltage,k,, is temperature coefficient voltage, and a is ideality

factor of the diode.

Accordingly, Equation (1) is rewritten as Equation (4):

V + Rl

q(V+ RSI)
P N¢Rsh

I = Nply, — Nplp(exp ( N, oV,KT
S

Where, Np are Parallel PV cells,I is diode current, Ns are
Series PV cells and Rsh is shunt resistance.
Rs
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Figure 3: Equivalent circuit of PV
B.DC-DC Boost Converter:

In this study, boost DC-DC converters are utilized to control
PV panel output and generate the required DC voltages for the
proposed MLI's inputs. In this research work, Perturb and
Observe (P&O) MPPT technique is chosen. The load at the
output of converter is resistor. P&O MPPT technique uses small
step size to obtain the maximum power point. This technique is
very simple and easy to implement. Figure-4 shows boost
converter with PV system.

SW C

PV PV Boost converter

Figure 4: shows the Boost converter with PV system.

Output voltage, duty ratio, inductance and capacitance of the
boost converter are given as follows:

Vour = Zin (5)

1-D

Where, V,,,; is the output voltage and V;,, is the input voltage
and D is the duty ratio.

T,
Duty ratio = % (6)

N

In (6), T, is the turn on time and T; is the switching time of
semiconductor Switch.

Vig X D

fs X Al @)

Where, L is the inductance, f; is the switching frequency and
Al is the change in the current i-e (20 to 40% of I}).
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_I,x D

= Tixa (8)

C is the capacitance, I, is the output current, and AV, is
change in voltage i-e (1 to 5% of ;)

C. Inverter:

Inverter is the type of dc to ac converter. It converts dc
voltage into ac voltage. The input of inverter may be from
battery, PV, fuel cells etc. the output waveform of inverter is
not purely sinusoidal. The general waveforms of inverter are
quasi-square, triangular, square etc. Inverter are classified as
voltage and current source inverters. When voltage(V) remains
constant but the current changes its direction, it is called current
source inverter. When voltages change its polarity but current
remains constant, it is called constant voltage source inverter.

IV. PROPOSED MLI TOPOLOGY

The schematic diagram of proposed MLI topology is shown
in Figure-5. In this topology of MLI eighteen switches are
required to develop thirteen level MLI. The proposed topology
requires four DC sources and eighteen gate driver circuits to
generate 13 levels output.

Figure 5: schematic diagram of proposed three-phase MLI

The switches used in this proposed topology are labeled with
subscripts that indicate the phase to which they belong. S1, S2,
S3, S4, SA and SB correspond to switches in phase A, S7, S8,
S5, S6, SA1 and SB1 correspond to switches in phase B, and
S9, S10, S11, S12, SA2 and SB2 correspond to switches in
phase C. To achieve the desired 7 levels of output voltage in
each phase, the magnitudes of the input dc voltages should vary.
Specifically, V1 should not be equal to V2, and V2 should not
be equal to V3, and so on. The asymmetric nature of the dc
sources ensures the availability of higher levels of output
voltage. Additionally, when considering the polarity,
connections of the dc sources from both sides of the converter
for each phase should be antiparallel or have a series
connection. This symmetric characteristic of the input voltages

provides equal conditions for all phases of the converter.

The dc voltage equation can be expressed as follows:

Vo =Vy="Vpc (9
Vl = V3 = ZVDC (10)
Equations for the proposed MLI are given as follows:
Niever = 13 (11)
Ngyitches = 18 (12)
Npriver =18 (13)
Npc—source =14 (14)

V. RESULTS AND DISCUSSION
A. Modeling and simulation:

The overall simulation model of the proposed system is
shown in Figure-6(a) in which four PV panels are used. These
PV panels act as an isolated dc sources. All the ratings are
mentioned in Table 1. DC-DC boost converter with Perturb &
Observation (P&O) is used to implement MPPT at each solar
PV panel followed by the thirteen level MMLI. In addition to
this, Level Shifted PWM technique is implemented to derive
each switch individually. The control scheme is shown Figure -
6(b)

Table 1: Performance Parameters

Parameters Values
PV voltage (Vpy), PV current (Ipy) 17.5.V,
2.86A
DC Voltages (V; =V, = Vp¢) 20V
DC Voltages (V3 = V4_ = ZVDC) 40V
Peak Output Voltage (Vi,ax) 60V
Sinusoidal frequency 50Hz
Switching frequency (f) 1 kHz
Resistive load 10 Q
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Figure 6(b): Phase disposition (PD) control scheme for proposed MLI topology
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B. Simulation Results

MATLAB/SIMULINK model of proposed 13-levels. three-
phase developed H-Bridge MLI with PV system is simulated.
Figure-7 shows the simulation results of PV with boost
converter. Figure-7(a) shows the PV irradiance, Figure-7(b)
shows the PV voltage, Figure-7(c) shows the PV current and
Figure-7(d) and Figure-7(e) show the boost voltages. The phase
voltages are illustrated by Figure-8, with an input voltage of 20
V and 40 V. As shown in Figure-8, V, corresponds to phase A

voltage, V,, corresponds to phase B voltage and V. correspond
to phase C voltage. The generated phase-to-phase voltage,
which consists of seven levels (7 levels) and has a peak-to-peak
magnitude of approximately 60 V. Figure-10 shows the THD
obtained with PD-PWM technique.
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Figure 9: Carrier signals of Phase disposition (PD)
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Fundamental (50Hz) = 59.75 , THD= 18.42%
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Figure 10: THD of MLI

VI. CONCLUSION

In this research work, a three-phase developed H-bridge MLI
with stand-alone PV system is designed. This topology of MLI
requires less number of components to generate thirteen levels
of output. The proposed topology uses eighteen switches and
four dc sources. PV panels are used as an isolated dc sources
The proposed topology is simulated in MATLAB/Simulink
environment. Furthermore, the Phase Disposition (PD-PWM)
control scheme with six carrier signals and one modulated
signal is used as a control scheme to reduce the THD in the
output voltage. The THD of the output voltage of the proposed
MLI is 18.42%.
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