i ‘33‘:3

International Journal of Scientific Research in Engineering and Management (IJSREM)

%;REM
w Volume: 07 Issue: 12 | December - 2023

SJIF Rating: 8.176 ISSN: 2582-3930

Solar Powered Marine Water Pumping Fuzzy Logic Controlled Modular Multilevel Inverter

Samiksha patel
Mtech Scholar

Tanu Rizvi
Assistant Professor,

Devanand Bhonsle
Sr. Assistant Professor,

Department of Electrical Engineering,  Department of Electrical Engineering, — Department of Electrical Engineering,

SSTC, Bhilai
samikshapatel97@gmail.com

Abstract: For maritime water pumping applications,
this article details the design and construction of a
Modular Multilevel Inverter (MMI) to manage the
Induction Motor (IM) drive with smart approaches.
The suggested eleven-level inverter can regulate the
output of a solar photovoltaic system powering an IM
drive. Nearly half of a ship's overall energy
consumption is thought to go towards pumping
systems. In light of this, this study explores and verifies
the suggested low-complexity control architecture for a
maritime water pumping system using an induction
motor (IM) drive and a magnetic field inductor (MMI).
For the purpose of performance enhancement, a
Proportional-Integral (PI) controller and a Fuzzy Logic
(FL) controller are analyzed and compared for use with
the inverter. Better robustness has been compared with
regard to peak overshoot, controller settling time, and
inverter Total Harmonic Distortion (THD). Designing
and integrating MMI, IM drive, and intelligent
controller specifically for maritime water pumping
applications is the innovation of the proposed control
method..

Keywords: Field programmable gate array, fuzzy
logic controller, induction motor drive, modular
multilevel inverter, proportional- integral, total
harmonic distortion.

I.  Introduction

The global marine and shipping sectors have made
significant contributions to increasing air emissions and
energy consumption. International Convention for the
Prevention of Pollution from Ships organisation (MARPOL)
[1, 2] has established standards that must be adhered to in
order to prevent pollution in the maritime environment from
both intentional and unintentional sources. About three
percent of the world's carbon dioxide emissions come from
the diesel engines used in the maritime industry, contributing
to climate change and global greenhouse gas emissions [3].
The maritime shipping industry is responsible for 2.8% of
global greenhouse gas emissions from diesel engines, 15%
of nitrogen oxides, and 13% of sulphur oxides.
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Rules and regulations for cutting down on carbon dioxide
(CO2) emissions from ships have been exhaustively
researched and drafted by the United Nations Framework
Convention on Climate Change (UNFCCC) and the
International Maritime Organisation (IMO). Depletion of
traditional energy sources is causing a rising global energy
crisis, and this process also contributes significantly to the
release of toxic air and water contaminants. There will be an
8% rise in greenhouse gas and CO2 emissions from the use
of diesel engines in ships by 2020 [3, 4]. The shipbuilding
sector has always had pollution concerns, but recently there
has been a trend towards using solar power to supply clean
electricity from green energy sources. With a growing
population comes a greater need for electricity, but
alternatives like solar power and better inverter technology
are emerging as viable solutions [3, 4]. The global energy
issue is becoming worse because traditional energy sources
are running out. However, it also causes the greenhouse
effect, which in turn warms the planet. By the end of this
century, scientists predict a 3 to 6 degree Celsius rise in
global surface temperatures [4, 5]. Solar power is preferable
to other energy sources for most suburban and maritime
applications since it is low-maintenance, runs quietly
because it has no moving components, and takes up less
room on the ship's roof. In order to provide the necessary
electricity while simultaneously reducing emissions,
increasing renewable energy efficiency, and bolstering
power stability, a solar photovoltaics-based energy system is
introduced in the ship. In order to connect a wide variety of
high-power loads, a solar energy source is combined with a
power electronic converter and inverter [6]. The integration
of renewable energy sources into power converters has
recently been the focus of much research on board
contemporary ships. Voltage drift and frequency variations,
both of which cause harmonics distortions [7], [8], are two
of the most serious problems that can arise in a power
converter. The ship's pumping systems use up about 70% of
the ship's total electrical energy [9], [10]. Power electronics
aboard ships rely heavily on converters for the propulsion of
motor drives systems, but this critical component is
particularly vulnerable to the negative effects of harmonics.
The suggested research delves into the latest innovations of
modular inverter, which are employed to enhance power
quality on board by decreasing harmonics with the help of an
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intelligent controller. In this study, we provide a unique
symmetric multilevel module built on the cascade category
that can generate negative voltage levels without any
supplementary circuitry. Figure 1 depicts a solar-powered
eleven-level inverter with smart control approaches designed
to boost performance in maritime settings. The ship's
seawater cooling pump's variable frequency motor is
powered by the inverter. With Pl and FLC based controllers,
we analyse the IM drive's performance when supplied by a
multilayer inverter. Most applications requiring speed
regulation make use of the proportional-integral (PI)
controller due to its superior maximum peak overshoot and
stability. The FLC is the simplest intelligent controller
available for controlling the speed of induction motors. From
daylight to night, the ship's water supply is pumped
constantly. An induction motor's starting current and fixed
voltage must be properly maintained by inverter
management.

The commutation in conventional DC motors is problematic.
Induction motors are used on ships because they avoid the
problems associated with DC motors. The fresh water is
cooled to the ideal temperature because of the saltwater
pumps. The proposed study focuses on MMI topology in
sustained control approaches for a single-phase IM drive for
marine water pumping. Maximum solar power extraction in
the atmospheric circumstances governs the real-time
execution of speed control. In addition, an inverter's primary
function is to regulate the rpm of an induction motor by
gradually changing the frequency at which it switches. This
is accomplished using a FL controller's optimised Pulse
Width Modulation (PWM), which is the result of a
modulating signal. The simulation research plans to improve
the system's overall performance by planning the building of
a solar PV fed MM that powers an IM drive with Pl and FL
based controllers. The SPARTAN3E500 FPGA controller
used to construct the prototype model generates the pulses
required by the inverter and the converter. As an example of
the paper's contributions, consider the following: Comparing
the effectiveness of Pl and FL-based controllers on an IM
drive system for pumping seawater The SPARTAN3ES500
FPGA controller was used to implement an MMI-fed 1M
drive in real time. Increasing power quality through a
comparison of FL and Pl based controllers' effects on
performance. The effectiveness of MMI is the primary
research topic of this work. The paper is structured as
follows: The configuration and operation strategy of the
system are presented in Section Il, the control technique for
the suggested topology is described in Section IlI, the
simulation results are analyzed in Section IV, and the
experimental setup and comments are presented in Section
V.
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Figure 1: Fuzzy Logic Control for Solar PV Fed Modular
Il. LITERATURE REVIEW

D.C. Yu, Y.-Y. Hong, J. Dai, and P. Cheng; H. Lan, Y.
Bai, S. Wen; 'The introduction of solar production into ship
power systems has gained more attention in recent years
due to the growing concern about severe environmental
contamination and the usage of fossil energy. Uncertainties
in sun irradiation, however, will lead the ship's power
system to become unstable as solar energy becomes more
widely employed. Photovoltaic (PV) modules aboard ships
produce different amounts of energy while the ship rolls
than they would on land. In this study, we simulate a big
oil tanker with a PV generating system, a diesel generator,
a FESS, and several types of ship loads in order to smooth
the PV power fluctuations and enhance the power quality.
In addition, a constant torque angle control method is
provided to regulate the FESS charging and discharging,
which is then coupled with a sinusoidal pulse width
modulation (SPWM) strategy. The effects of ship rolling
and various operational scenarios are considered. The
simulation findings show that the flywheel energy storage
system improves the stability of the proposed hybrid ship
power system due to its high efficiency and rapid reaction.

J. M. Guerrero, Z. Jin, L. Meegahapola, N. Fernando,
and S. G. Jayasinghe The widespread use of power
electronic interfaced loads and sources has contributed to
the current surge in interest in ship microgrids. Aside from
the addition of extremely dynamic big loads, such
propulsion loads, these microgrids are quite similar to their
terrestrial counterparts. Problems with power quality are
exacerbated in ship micro grids by the presence of loads
and sources equipped with power-electronic converter
interfaces. These problems, also known as harmonic
distortions, typically manifest themselves as voltage
fluctuations, frequency shifts, and waveform distortions.
The most promising technique for reducing voltage and/or
frequency fluctuations is energy storage, which is one of
the recognized options. Most technologies for lowering
harmonic distortions rely on passive filtering, which makes
use of cumbersome components like capacitors and
inductors. An developing option is active filtering, which
may be implemented inside the same interface converter as
the energy storage device. This study aims to critically
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analyses power quality challenges, energy storage
technologies, and potential solutions for improving power
quality in ship microgrids, with an emphasis on current
advancements in these areas. Additionally, the study
provides a primer on the various ship power system
topologies.

According to R. Kumar and B. Singh, a dc-dc
conversion step is often required in solar PV fed water
pumping that is powered by a brushless dc (BLDC) motor
in order to optimize the solar photovoltaic (PV) generated
power using a maximum power point tracking approach.
There is a negative impact on efficiency, cost, size, and
complexity due to the need for a power conversion step.
This study discusses a novel approach to this problem—a
solar PV energy conversion system that feeds a BLDC
motor-pump without the need for a dc-dc converter. For
BLDC motors, we present a straightforward control
strategy that allows for peak power operation of the solar
PV array from a single inverter. The phase current sensors
in BLDC motors are unnecessary with the suggested
control. The motor-pump's speed and soft start are both
independently controlled. Solar PV array optimal power
regulates the speed. Performance evaluation utilizing
simulated results generated in MATLAB/Simulink and
experimental validation on a constructed prototype, under
realistic operating circumstances, demonstrate the viability
of the proposed system.

Authors: S. Shukla & B. Singh This study discusses a
solar-powered, single-stage, vector-controlled, induction
motor drive for a water pumping system that eliminates the
need for a speed sensor. The stator flux is approximated to
provide an approximation of the speed. The suggested
setup consists of a motor-pump unit, a three-phase voltage
source converter, and a solar photovoltaic (PV) array. To
get the most out of a PV array, a maximum power point
tracking technique based on incremental conductance is
applied. Induction motors benefit from vector control,
which allows for a soft start. An experimental prototype is
constructed in the lab, and the desired configuration is
designed and simulated on the MATLAB/Simulink
platform before being verified.

The marine industry is beginning to recognize that
variable-frequency-drive (VFD) applications are one of the
most successful instruments for energy savings (C.-L. Su,
W.-L. Chung, and K.-T. Yu). Since the ambient seawater
temperature fluctuates substantially while ships sail
between different sea locations, significant energy
advantage may be realized with VFD-driven central
saltwater cooling systems. The real energy and cost
reductions from each drive option must be known before a
final selection can be made. In order to accurately predict
the economics of its implementation, it is crucial to have
access to a quick and easy technique for calculating the
energy savings. The purpose of this work is to provide a
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quick approach for estimating the potential energy savings
from retrofitting ships' seawater cooling pumps with
variable frequency drives (VFDs). Marine hardware, pipe
allocation, ambient seawater temperature, and other
navigational and environmental factors like these are
considered. In order to correctly use the pump hydraulic
formulae, it is necessary to mathematically describe the
process system, which includes mechanical, instrumental,
and pump hydraulics, as well as the electrical components
of the drive. An actual ship's saltwater cooling system's
energy-savings evaluations verified the efficacy of the
suggested solution. Energy savings and their relation to
shipping routes were analyzed in detail. In order to verify
the financial viability of variable-speed flow control for
comparable systems in industrial settings, the analytical
model proposed in this study may be used as a helpful tool.

I11. Proposed

Taking into account the rating of the IM drive coupled water
pump, a PV array with a maximum power capacity of 150W
at Standard Test Conditions (STC) (1000W/m2, 25C) is
proposed. With the help of a modular multilevel inverter
[11], [12], the working power capacity of the PV array is
chosen to power the motor pump system. DESIGN OF PV
Arrays There are 36 cells in a 10W solar PV module (36 x
0.588 V = 21.6 Voc). The maximum power is 10Wp, the
operating voltage is 21.6V, and the short-circuit current is
0.659 A. A module's maximum voltage (Vmp) is 17V, and
its maximum current (Imp) is 0.588A (Pmax = Vmp Imp =
17 0.588=9.96W). As the power source, we employ a 20W
solar module consisting of 72 connected cells in series. The
maximum power is 20Wp, the operating voltage is 21.5V,
and the short-circuit current is 1.24 A. At Vmp = 17.5V and
Imp =1.143A, a module's maximum power output (Pmax =
Vmp Imp = 17 1.14 = 19.38W) is reached. The maximum
power output of 150 W is achieved by connecting the two
separate ratings of 10W and 20W mentioned above in series
and parallel (5 10 =50W, 5 20 = 100W, STC). Attaining the
V-1 characteristics of the PV cell necessitates satisfying four
indefinite restrictions (IL, 10, Rs, and ) supplied by the
current equation of solar cell presented in equation (1) [13],
[14].

I["'"R‘:I
I=1L —Ip=1L — Ipe* *~ —1 (1)
ESTIMATION OF LIGHT CURRENT (IL )

A scheme to estimate the light current IL is expressed as,
IL = ¢ ¢ref [IL,ref + pI,SC(TC — TC,ref)] (2)

2) ESTIMATION OF SATURATION CURRENT (10) The
expression for saturation current is expressed as,
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During the reference condition the saturation current can be
evaluated as,

Ve ref
Iy rer = IL.:cff-"'-P -

Cpef

DETERMINATION OF TVTC FACTOR

()

The Thermal Voltage Timing Completion (TVTC) factor (o)
is the task of temperature and expressed as,
2"\'?mp.n:l' — Voo ref

+1n(l—%‘£ﬁ)

(5)

Cpef = Lo
LT
S el = Ymp,ref
T +273
¥ = ——————F
T s + 273

DETERMINATION OF SERIES RESISTANCE (Rs)

ref ()

The series resistance is determined as,

L pe
ttger In (I - ]%Tr_n_:/} + Woc rer — Vmp.rct'
R, = B

(7
[mp.rcf

B. DC-DC CONVERTER DESIGN

The solar photovoltaic conversion system utilises an
intermediate DC-DC converter that is specifically designed
to run at its highest power level in order to provide
symmetric input to the MMI. Equation (8) demonstrates the
correlation between the input voltage and output voltage of
a DC-DC boost up converter in relation to the duty cycle[44].

Vin

)

I""ruu: =

(8)

SPV:

SPVe

FIGURE 2. Proposed multilevel inverter

1) DESIGN OF AN INDUCTOR (L)

The subsequent procedures outlined by Equations (9)-(10)
demonstrate the process of designing an Inductor necessary
for the system.

1

~

_ Vin # (Vou — Vin)

Ly = )
Al & g % Vo
V.
AlL = (2% — 4%) # Lyyg(max) * —— (10)
in
24
Al = (003) % 5= E =03
12 %24 — 12)
Ln = (.65

03+3x 10024

C. DESIGN OF A CAPACITOR
The following steps given from Equations (11)-(12)
illustrate tpe desi%n of a Capacitor required for the system.
*
C — il ) i'l I
' T Fo* AV ]
I

AV = (29 — 4%) # Voumax) * =

an

(12)

5
AV =(003) 24 % 0= 0.36

Vou 12

D=_—™ - _=
1i~'?iu T ""'ruu: 36

= 0.67
Vout(max) is the maximum voltage delivered by the PV
module under STC.

D. MULTILEVEL INVERTER DESIGN

The voltage separator at the input end consists of a series
connection of five solar PV modules labelled as SPV1,
SPV2, SPV3, SPV4, and SPV5, as seen in Figure 2[20]. The
input voltage is subsequently sent along a pathway
consisting of semiconductor devices, including both
controlled and uncontrolled components, labelled as S1, S2,
S3, S4, S5, D1, D2, D3, D4, and D5. Finally, the voltage
reaches an H-bridge, which is composed of Q1, Q2, Q3, and

Q4. Equations (13) and (14) demonstrate that the
symmetrical modular multilevel structure greatly enhances
the quantity of output voltage levels [15].
Nievel = 25 + 1 (13)
Niger = S+4 (14}
WATER PUMP DESIGN

The water pumping system consists of an induction motor
(IM) drive and a centrifugal pump specifically designed for
maritime purposes. The pump affinity rule serves as a
benchmark for the design of centrifugal pumps. As stated
in equation (15), the load torque is exactly proportional to
the square of the speed[26].

TL = Kp x Eul'-.'
9.94 3
Kp = ————— = 0.00043712Nm// (rad/sec)~ (15)
(2 = = 24)-

IV. CONTROL TOPOLOGY FOR MMI
Figure 3 illustrates the configuration of the marine water
pumping system, which utilises a solar PV fueled IM drive
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and incorporates an MMI.  The suggested configuration
involves utilising Pl and FL based controllers to regulate the
MMI. The operation of a multilayer inverter and the speed
management of an induction motor are achieved via the use
of intelligent control techniques in conjunction with Pulse
Width Modulation (PWM).  The v/f control system is
utilised by adjusting the voltage and frequency, together with
the reference, in the Alternate Phase Opposition Disposition
(APOD) category of multicarrier PWM schemes. The five
distinct triangular carrier waveforms, each with a phase
difference of 180 degrees, are compared to a single
sinusoidal reference waveform in order to create the
necessary PWM pulses, as seen in Figure 4. Both controllers
utilise logic control and rule-based approaches to generate a
modulating signal. This signal is then compared with the
carrier to provide the necessary dynamic pulses for the
inverter switches [16], [17]. An analysis is conducted on the
performance of IM (Induction Motor) with PI (Proportional-
Integral) and Fuzzy controllers under constant and variable
loads in both open loop and closed loop operation. The
subsequent sections delineate the design and execution of Pl
and FL controllers in enhancing the efficiency of an
Induction Motor (IM) drive working in conjunction with a
Motor Mechanical Interface (MMI)..

PI CONTROLLER BASED SPEED CONTROL

The PI controller is commonly built using one of three ways:
trial and error, evolutionary processes, or specific tuning
methods such as Cohen Coon, Lambda tuning, and Ziegler
Nichols. When comparing several approaches for tuning a
PI controller, the trial and error method is preferred since it
has significant advantages in identifying the gain parameters
and achieving improved performance in motor driving
applications. The comparator typically compares the actual
speed (orm) and the reference speed (wrms=). The resulting
error (we(n)) is then utilised to adjust the parameters Kp and
Ki. The error equation (me(n)) is expressed as follows:

FIGURE 3. Control approach of the proposed inverter.
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B. FUZZY LOGIC CONTROLLER
Because of its ability to quickly analyse the speed
controller while also adding human thought and rule-based
procedures, the fuzzy logic controller has become a popular
tool for improving electrical equipment. Induction motors
can be controlled using one of three primary approaches:
(1) the voltage/frequency technique, (2) the flux control
method, or (3) the vector control method. Closed loop v/f
control is deemed superior than open loop methods of
speed regulation because of its ease of use and
precision[30].

First, the suggested FL controller has to estimate the speed
of an induction motor, and second, it needs to reduce the
speed inaccuracy using the rules-based approach without
degrading the harmonics.

There are two inputs and one output on the FL controller.
The modulating signal is viewed as the output, while the
error and its rate of change are used as input. The four major
processes of a FL controller are as follows: (1) Input is
transformed into fuzzy variables via an analogue fuzzifier

(1) Maintains a database of fuzzy rules (2) Inference and
related rules

Fourth, the defuzzifier can transform the fuzzy variables
into the true goal.

KB HS i3 PS el

" i

| W

0f - '

O g g R O R R
ngut variabie putt”

FIGURE 5. Allocation of range for subsets.
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TABLE 1. Fuzzy rules.

c/ce NB NS ZE |PS PB
NB 7E NS NB [NB NB
NS ZE NS NB NS NB
ZE PB PS ZE NS |NB
PS PB PS PS [ZE NS
PB PB PB PB_IPS [ZL

If the fuzzifier's input variables have two or more relation-
ship values, then those values will be passed on to the fuzzy
operator. One truth value is returned as the result. If the error
is to be indicated by input 1, then that is what it signifies,
whereas input 2 shows whether or not the error is changing.
There are eight fuzzy subsets in the linguistic variables, of
which five are actually employed.

There are five possible speeds: (1) very slow (very NB), (2)
very fast (very NS), (3) very fast (very PS), (4) very fast
(very PB), and (5) very slow (very ZE).

Assuming NS as the result, it can take on values up to 0.3416,
making it compatible with all rule-based membership
functions. Figure 5 depicts the 0.1-volt NB output, 1-volt PB
output, 0.66-volt PS output, and 0.5-volt ZE output. There is
awide variety of linguistic input values, including: NB 1600,
10, 4, NS 8.06, 3.96, 0.02646, ZE 3.2, 0, 3.2, PS 0-4, 8-8,
and PB 3.52-9.92,1550. The speed-regulating logic,
represented as a rule matrix in Table 1, is described below.
Nine semiconductor switches (S1-S5) are paralleled with
four H bridge switches (Q1-Q4) to form the 11-level MMI.
Fuzzy rules are used to compare bipolar triangular and sine
waves to create the PWM. Inverter control pulses are
denoted by S1 through S5, whereas level control pulses are
denoted by Q1 through Q4.

Figure 6 depicts the whole design process for an FLC,
which is driven by the switching pattern of the inverter and
the switching pulse generator. Membership in the input
fuzzification is planned (IN1-IN6)[35].

APOD

C1

Cz |-
Ca O NN
Ca
Cs

Ca-Cs Q1-Qa

Fuzzy Controller

\ Sine

\ Wave (50Hz)

FIGURE 6. FLC controller switching pulse generation structure.

Speed in tpm

with switching magnitude range of (1, 0, 1). Positive range
from 0 to 1 represents the first quarter cycle (0°-90°) and sec-
ond quarter cycle (90°-180°) respectively. Similarly, the neg-
ative range from 1 to O represents the third quarter cycle
(180°-270°) and fourth quarter cycle (270°-360°). Later,in
defuzzification, six membership functions are developed
based on fuzzy rules to obtain the desired output.

The paper illustrates the design and development of two
controllers for water pumping application. The voltage and
frequency are used to control the inverter. The speed of
induction motor is controlled by v/f method.

V. SIMULATION AND ITS ANALYSIS

The simulation model is developed in MATLAB/Simulink
2013 to perform the performance comparison between PI and
FL based controllers. The analysis for harmonics reduction
under open and closed loop operation is also undertaken.

A. SPEED TRACKING PERFORMANCE AND HARMONICS
ANALYSIS OF INVERTER

1200

1000

Time in Sec

The intended speed range for the IM drive linked to the
pump is 0 to 1000 rpm. When comparing Pl with FLC, it
is seen that the parameters of overshoot, undershoot, and
steady-state error are larger in Pl in order to achieve the
required speed.  Both controllers are evaluated at the
specified reference speed of 1000 revolutions per minute.
The FLC-based induction motor drive technology achieves
the necessary speed in the shortest possible time.

The simulation result, seen in Figure 7, illustrates the motor
commencing at 0 seconds and reaching a stable speed of
around 1000 rpm within 2 seconds using a Pl controller.
The motor initiates at 0 seconds and stabilizes at 0.5 seconds
using the FL controller, as seen in Figure 8[39].

The findings are compared based on their optimal gains and
faster setup time. The power quality analysis reveals that
the Total Harmonic Distortion (THD) is 10.44% when using
the PI controller, as depicted in Figure 9. Conversely, while
employing the FL controller, the THD is 5.67%, as
illustrated in Figure 10. The Field-Oriented Control (FLC)
for motor-fed Matrix Converter Modulation Index (MMI)
has excellent performance in accurately following speed
reference signals and achieving reduced Total Harmonic
Distortion (THD). The voltage produced by an 11-level
inverter may be shown in Figure 11. The suggested IM
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drive is included into the water pump system specifically

designed for maritime applications.

Solar based Ship motor controller with Fuzzy

controlling :I

——]  INVERTER

Figure 6(a) Simulink model of Proposed system

1200

1000

Speed in rpm

i i L i ; i H L i
0 0.5 1 1.5 2 25 3 a5 4 a5 5

Time in Sec

FIGURE 7. Speed response of PI controller at 1000 rpm.

FIGURE 8. Speed response of FLC at 1000 rpm.

Fundamental (50Hz) = 215.2 , THD= 10.44%

=]

%]

Mag (% of Fundamental)
B

0 100 200 300 400 500 600 700 800 200 1000
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FIGURE 9. Harmonic analysis with Pl controller.

Fundamental (50Hz) = 218.5, THD= 5.67%

=2}

(=]

Mag (% of Fundamental)
=

I 1 | 1 1 1 1 1
o 100 200 300 400 500 600 700 800 900 1000

Frequency in Hz

FIGURE 10. Harmonic analysis with FL controller.

o

VI. CONCLUSION

The significance of the proposed research is to ensure the
provision of superior input power to the inverter drive
specifically for maritime water pumping applications. An
investigation was conducted to assess the feasibility of a
solar photovoltaic (PV) fed motor mechanical interface
(MMI) for controlling the speed of an induction motor drive.
The study focused on examining the steady state and
dynamic behaviors of the system, with the aim of
determining its compatibility for use in a water pumping
system designed for maritime applications.  The solar
photovoltaic (PV) array is linked to the intended inverter,
which then supplies power to an induction motor. The
motor speed is detected and the controller receives this
information to generate appropriate PWM pulses for the
inverter switches. The motor is progressively initiated and
the speed is escalated in order to get the desired reference
speed, utilizing Pl (Proportional-Integral) and FL (Fuzzy
Logic) based controllers.  The efficacy of Pl and FL
controllers for a viable operation is validated and the
outcomes are compared in both simulation and
experimentation. The findings confirm that the FL based
controller offers a rapid settling time and less harmonics in
comparison to the PI controller. The primary effect of the
suggested control strategy is to decrease the steady-state
error of the speed control for the induction motor, while
simultaneously causing a degradation in the harmonics
present in the output voltage of the modular multilevel
inverter.

Table 3 provides a comparative comparison of the
number of semiconductor switches required for the
proposed MMI design and the number of inverters found in
existing literature.

The primary constituents of a DC micro grid include the
source, converter, load, controller, and grid. A micro grid
is typically defined as an independent and self-sufficient
system that generates power for a specific town or region.
The suggested system includes the whole component
required for the DC micro grid, which operates efficiently
and fulfils its intended purpose. The future scope is in
accurately estimating the generated power and the power
used.
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