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1. INTRODUCTION

PV cell is a kind of energy collection technology.
Many PV cells are used to generate electricity
from solar energy [1]. Sun radiation levels are
different during the day, affecting the power
generated by the panels; MPPT works to select
the maximum power of photovoltaic (PV)
panels [2]. The types of MPPT are divided into
several types, including according to the sensor,
speed, and other requirements as needed [3].
MPPT torque control of doubly fed induction
generator under different -electromagnetic
loads [4]. Solar panels provide clean and green
energy. Using solar panels to generate
electricity has no harmful greenhouse gas
emissions, so solar PV power generation is
environmentally friendly [5]. Split converter

with MPPT for IM is used in [6]. Four-phase
motor to achieve integrated and flexible
charging  functions charging system
implementation in [7], which is roughly in the
middle between conservative and optimistic
forecasts [8]. Himavathi and Venkadesan [9]
used a deadbeat of the state space of the
inverter to estimate the SPWM duty cycle. Sun
and Cheng [10] implemented MPPT with IM
using a D/Dc buck-boost power converter to
speed control. PV panels and artificial
intelligence use the Perturb and Observation
(P&O) [11]. Figure 1 shows that the new PV
amplitude increased by more than 10% to about
120 gigawatts in 2023.
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Fig. 1 Worldwide PV Installed Capacity Since 2010.

This study deals with MPPT algorithms, PV
modeling, and speed controllers of induction
motors, followed by results and ended with
conclusions. MPPT works to choose the best
amount of power from DC-DC, which improves
the matching between panels and battery [12].
There is an urgent need for a control system to

2023est

2020

get the highest point of solar energy for the
summer. There are a lot of MPPT methods [13].
The solar output is stored in the battery.
Batteries connected multilevel-inverter and
inverter to load [14]. Figure 2 shows a diagram
of the integrated system.
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Fig. 2 Diagram of the Integrated System.
2.MODELING OF PV PANELS

PV cells absorb sunlight from the photons,
energy carrying the electron to be released and

circulated in a closed loop through the load to
supply it with the energy [15]. Shunt resistance
(RSH) is an important PV performance. The
output energy of the array is determined by the
leakage current of adjacent cells under different
electrical standards, and cell degradation is
caused by the local heating of one cell. The
effect of current leakage resistance or parallel
PV resistance is discussed in [16]. Figure 3
demonstrates the PV cell.
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Fig. 3 Modeling of a PV Cell.

Using KCL, the current of the PV cell can be
calculated from:

I=1,-I,-Ish @
I=IL—Is[exp™20_ ) X8 (o)
I=1Ir - 3)

Is = Isc/[exp% —1] 1)

Iq = I/[exp(~) — 1] (5)

Iy = (V+1Rg)/Rgp (6)

Vt = KTNs/q @)

where Ns denotes the cells connected in series,
I, denotes the light current, I; denotes the diode
current, Is, denotes the shunt current, Is
denotes the reverse current, Rs denotes the
series resistances, Rsh denotes the parallel
resistances, Vt denotes the temperature
voltage, k=1.3806503%x10-23 J/K, T denotes the
temperature, Ns denotes the series PV cells, and
g=1.60217646x10-19 C, The MPP of the PV cell
can be expressed as:

P, =1,V,, =FF«IV,, (8)
where FF denotes the fill factor, Im denotes
the maximum current, and Vm denotes the
maximum voltage. FF = Ptheoretical g,

The efficiency of the PV panel can be
calculated as in (9):

N = Poy/Pin C))
where P;, denotes the input power, and Poy:
denotes the output power.

Pout = Pinax(W|m?) (10)

3.MPPT ALGORITHMS

MPPT is an electronic converter from DC to DC
that improves the matching between solar
panels, battery packs, or network facilities.

Simply put, it outputs high-voltage DC from
solar panels, and some wind turbines need low-
voltage charging. There is an urgent need for a
control system to get the highest point of solar
energy for the summer. There are several MPPT
methods [17]. Basic MPPTs are such
incremental conductance IC method and
Perturbation & Observation (P&0O) method.
The P & O method is a special MPPT algorithm
most commonly used in self-improvement [18].
In the P & O, the value of PV power is compared
with past power value, giving difference
power PPresent, PPast (4P), e.g., if AP is
greater than zero, the continuity of the process
is the same as the further turbulence;
otherwise, it will move in opposite direction.
The P&O flow chart explains that the main
disadvantage of the algorithm in various steps
is that the MPP of the swing of the operation
point on the PV panel is the unstable MPP. To
reduce the oscillation of the working point or
improve the stability, an improved algorithm is
required to improve the tracking speed of
MPPT. Considering the instability of the MPP,
the high oscillation of MPP is considered. The
MPPT changes with temperature and radiation.
Energy is wasted before accessing MPP [19];
therefore, the efficiency of the solar power unit
developed by the P & O algorithm is reduced.
MPP is achieved by providing more
interference and control steps without wasting
energy fluctuation [20]. Perturbation and
Observation around MPP occurs due to the
fixed AV /Ai value [21]. The reference
current/voltage in the Perturbation and
Observation algorithm can be expressed as:
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P=V=xI (11)
Vi, I x=1%V x+® X f(x) (12)
where I*, Vxis the reference current/voltage,
and f(x) is one of the mathematical functions.
4.SPEED CONTROLLERS OF IM
Over the years, induction motors have been
widely used in various applications, such as

IM Speed

Open loop

Scalar control

Direct

Stator Oriented Vector
control

Rotor Oriented Vector
control

paper mills, steel mills, cement, robotics, and
wind power systems, due to their simple and
reliable structure, ease of maintenance, and
high durability. Figure 5 overviews the variable
speed control method of an induction motor
[22].

Control Method

Closed loop

Vector Control Direct Torque

Indirect

Air gap Oriented Vector
control

Fig. 5 Overview of IM Speed Control Methods.

In the present work, the mathematical model of
the system consisted of a PV panel, a DC-DC
buck converter, a sine PWM voltage inverter,
and an IM. A three-phase IM drive with one
stage of PV system was proposed. In the system,

a deadbeat control algorithm was used with the
sine PWM control to MPPT of sunlight. Figure
6 shows the PWM circuit. Figure 7. shows the
circuit used to obtain a mathematical model of

IM.

Message
signal —— PWM
carrief——» signal
Wwave
Fig. 6 PWM Generation Technique.
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Fig. 7 The Circuit Used for Obtaining the Mathematical Model of 3-ph IM.
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The mathematical model of the induction
motor in the dq- reference frame.

lsd lsd LSOL,,,O Vsa
lsq| _ 1 Lsq| , |OL,OLy| |Vsq
i - 2_ ( i + L..OL..0 * ) (13)
Lrd L™ ~LsLy Lrd mYir Vrd
lrq g 0L, 0L.1 l[v,q
[—(Rs+Ry (L /1)) 0 L Wrlm
olLg oLgL, Ty oLgL,
0 _(R5+Rr(Lm/Tr)2) —wrly Lim
A= olg olgl,  oLgL,Ty (14)
L 1
Lm 0 -1 -,
Tr Tr
L 1
0 Lm w, -1

Tr

where wr,tr,Ls,Lr,Lm, and ¢ IM angular
velocity (%), rotor time constant, the stator

inductance, rotor inductance, mutual
inductance, and leakage coefficient,
respectively [23]. The method of controlling the
speed in IM is using the V/f method. Speed is
converted to frequency, and voltage is
generated from frequency by maintaininga vV /f
ratio fixed value for any value of speeds [24].

Ty -

Figure 8 shows scalar control. The IM V/f

control computes voltage based on reference
frequency ( f;°) as:

* Va—Vmi *
Vs = (ﬁ)f s (15)
where Vmin is the minimum

voltage, fmin is the minimum frequency, fn is
the rated frequency, and Vn is the rated voltage.
The equations of voltage reference:

Ve =V cos2rfi't) , Vg = Vi cos(2mfs't)

f ref |4 PWM
speed volts by hertz "%, Voltage
to generator supply
req.
freq position generato: o
speed T¢f ’

Inverter
Motor

Fig. 8 Scalar Control.

5.RESULTS AND DISCUSSION

The Simulink implementation of a complete
closed-loop PV system is shown in Figure 9. The
system was modeled in MATLAB R2018b, and
the results shown below were obtained. Figure
10 shows a multilevel inverter. Table 1 shows
IM (Squirrel Cage) specifications and
parameters. Figure 11 shows the three-level
inverter voltage. After the first second of
operation, the voltage coming out of the
inverter was between 220 and -220 volts. The
torque of the IM was settled on 3.2 Nm after the
transient response for less than 1 sec, as shown
in Figure 12. When the IM started, the starting

current was high, reaching 14 amp. The stator
current of the IM was settled on 2.5 Amp after
the transient response for less than 1 sec, as
shown in Figure 13, and the same for the rotor
current, as shown in Figure 14. The speed of the
IM was settled at 1460 RPM after the transient
response of less than 1 sec, as shown in Figure
15. Figure 16 shows the current and power
during the application of the MPPT algorithm
for different irradiance values. Figure 17 shows
that the sudden change in temperature and
irradiance was continuous from 1.1 seconds to
1.7 seconds.
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Table 1 IM (Siuirrel Caie) Siecifications and Parameters.

Power 0.5hp Pa
Supply frequency 50Hz F
Number of pair poles 2 P
Supply voltage 220V A%
Stator resistance 12Q RS
Rotor resistance 7.2Q Rr
Stator inductance 0.6422H Ls
Rotor inductance 0.6422H Lr
Mutual inductance 0.4222H Lm
Inertia coefficient 0.02Kg2/s J
Friction coefficient oN.s/rd f
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Fig. 11 Inverter Voltage with Three Levels.
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Fig. 14 IM Rotor Current.
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Fig. 17 The Change in Temperature and Irradiance.

6.CONCLUSIONS

This research presents a study of a simple yet
efficient PV system. The focus was on speed
control of the IM. The designed PV system can
be used for several applications. Connecting
Simulink to the computer was accomplished in
MATLAB/Simulink using P&O technology, the
SPWM technique, and the V/f method to
control the speed of the 3-phase IM motor. The
Voltage Inverter varied the voltage value
accordingly so that the VV/f ratio remained the
same. It was observed that the max torque
remained constant across the speed range. The
change in temperature and irradiance had a
clear role in the performance of the IM and all
the results in terms of voltage, torque, and
current; however, this effect was slight. Hence,
the system showed outstanding performance of
the PV panel as well as IM with the 3-level to
drive 3-ph IM inverter as presented in this
paper, and successful speed control of 3-phase
IM was achieved.
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