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Abstract

Recently,  there  has  been  an  increase  in  the  growth  and  advancement  of
electric  propulsion  in  marine  electrical  drives.  A  maximum  amount  of
energy  is  utilized  by  ships  for  propulsion  drives.  To  be  aware  of  it  and
develop  an  optimized  structure  to  improve  the  effectiveness  of  the
propulsion  system  with  power  consumption  is  necessary.  The  proposed
paper aims to develop a model and perform functional analysis as per the
above  understanding  and  requirements.  The  factors  considered  include
greenhouse gas emissions, CO2 emissions, environmental aspects, and the
availability of non-renewable resources, which leads to the introduction of
renewable energy as a replacement method of power generation. For this
work, two different renewable sources, such as solar and wind energy, were
chosen. The combination of these two resources can manipulate the voltage
and satisfy the load in a desirable way. For voltage improvement, a high gain
converter  with  a  minimal  number  of  active  and  passive  components  is
selected.  This  system  adopts  a  storage  system  to  meet  the  needs  in  the
future.  The inverter switches are controlled by the recommended control
algorithm,  which  can  balance  and  provide  adequate  power  towards  the
drive by a feedback control loop. The speed of propulsion in the drive is
adjusted by the induction motor coupled with the propeller. The analytical
study  of  the  proposed  system  is  carried  out  in  MATLAB  software.  The
simulation  study  revealed  the  effectiveness  of  this  modern  optimization
technique.
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Introduction

Propulsion is used to propel the vessel ahead. This has been going on for a long time
in the traditional manner. Prior to the twenty-first century, most ships used diesel
engines for propulsion [1]. A few years ago, fossil fuels became a key resource for
power production all  over the world,  resulting in pollution and a high total  cost.
Electric propulsion is used in order to focus on capital costs, fuel requirements, and
the environment [2]. These factors draw attention to renewable energy sources such
as solar,  wind, hydro, tidal,  geothermal,  and others.  Electricity generated by wind
and solar has surpassed all other renewable energy sources in recent years [3-4].
This  situation  is  playing  out  all  across  the  world;  China  has  taken  the  lead  in
installing 35 percent of the world's wind energy.  Manufacturers of wind turbines
throughout  the  world,  such  as  Gold  Wind,  Vestas,  Suzlon,  General  Electric,  and
Siemens  Gamesa,  have  been  attempting  to  build  massive  wind  turbines  with  a
capacity of 10–15 MW. The arrangement of the wind turbine and power electronic
converters determines full-speed, semi-speed, and low-speed operation.

For  wind  energy  conversion  systems  (WECS),  there  are  two  types  of  power
electronic conversions: AC-AC and AC/DC, DC/DC, DC/DC & DC/AC. Based on the
magnitude of voltage produced by the generator, it is further divided into two types:
medium and low voltage converters [5]. Low-voltage conversion systems are only
suited for wind turbines up to 3 MW, while medium-voltage conversion systems are
acceptable for wind turbines over 3 MW. Based on solar irradiation and temperature,
photovoltaic systems generate direct current (DC) power. Because each solar cell can
only provide 0.5-0.6V, solar cells are coupled in series and parallel to increase power
production.  Due  to  its  decreasing  cost  over  time,  environmentally  beneficial
character, and renewability, researchers have been more interested in the electricity
generated by photovoltaic arrays [6]. The ability to achieve sufficient torque without
compromising  pitch  angle  is  the  most  important  consideration  when  choosing
electric propulsion. There will be perfect redundancy in this type of propulsion.

Section  II  dealt  with  the  overall  study  of  the  proposed  method.  The  circuit
configuration and the approach used to utilize the energy produced by those two
renewable resources are described in section III. The charging and discharging of the
battery interfaced with the converter is explained. The section IV reviewing peak
current mode control technique, used in the feedback control loop to improve the
system performance, is visualized. The Simulink study of the proposed study and the
output attained from the converter are reviewed in Section V. The effectiveness of
the proposed study and its impact in the future are depicted in section VI.
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II. Proposed Methodology

Fig.1. Block diagram of proposed system

The overall structure of the proposed methodology is shown in figure 1. The sources,
such  as  wind  turbines  and  PV  arrays,  are  used  in  this  study.  When  sunlight  is
available,  the PV array generates an abundant amount of  energy.  Wind energy is
utilized by wind turbines to supply electricity continuously. If any failure happens in
any  one  of  the  generating  stations,  the  remaining  resources  can  manage  it.  The
major factors which will limit voltage generation from both resources, such as solar
panels, are shading, change in climatic conditions, a wide range of change in wind
speed, area of the rotor, wind density, etc. Here, the role of the converter is a much
needed factor. The energy gained from both sources is transmitted towards a dual
input, single output buck-boost converter. Then it is stored in the battery. Whenever
the generated voltage is said to be high, the converter steps down the voltage and
fulfills the battery. In any condition, if the load faces voltage lag, the converter boosts
the voltage received from stored energy in the battery. This is how the converter
action is performed. Further, the received energy is converted into AC by a three-
phase inverter to satisfy the load [7]. The shaft interlinks the induction motor with
the  propeller.  The  peak  current  mode  controller  receives  feedback  from  the
propeller and alters the switching cycle to improve the functionality of the inverter.

III. Proposed Converter

The circuit configuration of the proposed converter is represented in figure 2. T  and
T  switches are bidirectional conduction and bidirectional blocking (BCBB) switches
in this configuration [8]. The diodes D  and D  offer freewheeling of load current.
Two input sources are connected to the basic converter circuit, which consists of two
switches, T  and T , as well as an inductor and capacitor, which is then connected to
the load. The combination of switches T  and T  allows the converter to operate in
various states. Switch T  enables Buck-Boost functionality, while Switch T  enables
bidirectional operation of the DC/DC converter. The input sources, E  and E , are two
[9], whereas E1 defines the input voltage gained from the PV array, and E  denotes
the rectified DC voltage gained from WECS. E  is the output voltage, and the load
current is I . There are four different modes of operation for this converter.
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Fig.2. Dual input single output Buck-boost converter

Mode 1: In this mode, E  supplies the transmit current towards the converter, and
the inductor L absorbs the energy supplied by the source.  Both T  and T  are in
conduction mode.

Mode 2: This  mode utilizes  the  energy  generated  from E  (i.e.,  WECS).  Again,  L
absorbs  the  energy  completely  when  the  switches  T  and  T  are  in  continuous
conduction mode.

Mode 3: Both sources are activated in this mode, and the switches associated with
each source, such as T , T  and T , are closed.

Mode 4: In the absence of both sources and switches, such as T , T , and T , the
switch T  starts conducting and discharges the energy stored in L towards E . The
capacitor C stores the charge and balances the load. By this way, the switching action
is regulated. This cycle repeats, and the load requirement is managed.
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IV. Peak Current Mode Controller

Fig.3. Closed loop control of propeller incoming voltage by suggested controller

A control technique called peak current mode control, which is shown in figure 3, is
used to turn on and off  the switch in  a  three-phase voltage source inverter.  The
switch is held in an on state by a clock signal with a fixed switching frequency. The
switch is turned off when the sum of the switch current and the compensating ramp
equals zero. Expand the voltage error amplifier with line voltage at the rectifier to
obtain the reference signal. With this extension, the current reference amplitude has
been established. As a result, the switching current may rise above zero, causing the
switch to conduct, or it may rise above the reference current, causing the switch to
turn off.

V. Experimental Analysis

The experimental analysis of the proposed study is carried out in MATLAB software.
A  Simulink  setup  is  implemented  by  the  Simulink  library.  The  PV  array's
temperature and irradiance are 25 degrees Celsius and 1,000, respectively. A total of
72 cells were connected in series and parallel combinations, and the voltage gain of
them should be 227V. The speed of the rotor present in WECS is 60 rad/s and it
delivers a total of 150V. The outcome of both resources is represented in figures 5.1
and 5.2.
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Fig.5.1. PV array’s Outcome

Fig.5.2. Output of WECS

The converter charges the battery and it holds 250V, which can be used in the future
in case any voltage drops in resources or voltage lags across load.
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Fig.5.3. Energy stored in battery

Fig.5.4. Voltage and Current across phase A
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A total of 230V is gained, and the above waveform depicts the amount of voltage and
current supplied by the inverter’s phase A terminal.

VI. Conclusion

Thus, Renewable energy resources (solar and Wind) are hybrid with a buck boost
converter  to  get  constant  output  voltage.  Experimental  verification  of  the  peak
control mode controller is being investigated using Matlab. This mode of operation
gives  satisfactory  speed  adjustment  of  the  propeller  which  is  more  efficient  and
economical. As a result of the aforementioned factors, a propeller may be able to run
at a variable speed with a low starting toque. 
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