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Abstract: This study proposes a new isolated intelligent adjustable buck-boost (IIABB) converter with
an intelligent control strategy that is suitable for regenerative energy systems with unsteady output
voltages. It also serves as a reliable voltage source for loads such as battery systems, microgrids, etc.
In addition, the hill climbing (HC) maximum power point tracking (MPPT) algorithm can be utilized
with this innovative ITABB converter to capture the MPP and then enhance system performance. In
this converter, five inductors (L, L, Lc, Lp, and Lg) and four power MOSFETs (Sy, Sg, Sc, and Sp)
are used in the proposed novel isolated intelligent adjustable buck-boost (ITABB) converter to adjust
the applied voltage across the load side. It also has a constant, stable output voltage. The new IIABB
converter is simulated and verified using MATLAB R2021b, and the performances of the proposed
ITABB converter and conventional SEPIC converter are compared. The solar photovoltaic module
output voltages of 20 V, 30 V, and 40 V are given as inputs to the proposed IIABB converter, and the
total output voltage of the proposed converter is 48 V. In the new ITABB converter, the duty cycle of
the power MOSFET has a small variation. The proposed IIABB converter has an efficiency of 92~99%.
On the other hand, in the conventional SEPIC converter, the duty cycle of a power MOSFET varies
greatly depending on the relationship between the output and input voltage, which deteriorates the
efficiency of the converter. As a result, this research contributes to the development of a novel type of
ITABB converter that may be employed in renewable energy systems to considerably increase system
performance and reduce the cost and size of the system.

Keywords: isolated intelligent adjustable buck-boost converter; solar power system; hill climbing
algorithm; maximum power point tracking; conventional SEPIC converter

1. Introduction

Today, the need for electricity generation from renewable sources is rising for both
residential and industrial purposes. Power generation from fossil fuels results in the
emission of hazardous substances into the atmosphere. These fossil fuels are declining in
the environment over time. Solar energy is one of the most abundant, eco-friendly, and
pollution-free renewable energy sources. Using the photovoltaic (PV) effect, a solar cell
converts sunlight into electricity. Once a solar energy system is installed, it should be able to
operate for an extended period and save money and overall maintenance costs. As a result
of its adaptable nature, solar energy can be utilized for a variety of power applications,
ranging from little torches to satellites. Conventional energy sources are under imminent
threat of extinction. As a result, the new electrical technology is more dependent on non-
conventional or renewable energy sources. In the absence of the consistent and continuous
output of nonconventional power sources (solar PV, wind turbines, fuel cells, and hybrid
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PV /tuel cell/wind turbines), power cannot be sent directly to the load (such as a DC
microgrid, a DC home, an electric vehicle, or HVDC transmission, etc.). For charging
applications, a high-efficiency and continuous DC-DC power converter is employed to
address these disadvantages of renewable energy sources. In addition to PV panels, solar PV
systems use power electronic converters to connect their output to the grid or to local loads.
DC-DC converters and DC-AC inverters are commonly used power electronics converters.
With the MPPT algorithm integrated with the DC-DC converter, the DC-DC converter
steps up/down the input voltage of the solar PV array to maximize the power output.
Whenever power semiconductor devices are used as switches, electrical interference and
power loss are introduced due to the internal resistance of the switches and inductors. It
results in a decrease in efficiency and power quality due to these problems. It is imperative
to create efficient DC-DC converters and effective MPPT algorithms to mitigate these issues.
This paper proposes an isolated intelligent adjustable buck-boost (IIABB) with a coupled
inductor wound on a single core for battery charging, which leads to a reduction in the
size of the whole setup and hence reduces the current ripple, as discussed in detail. Some
applications of the proposed (IIABB) converter are shown in Figure 1.
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Figure 1. Various applications of the novel IIABB converter.

Various converters exist to satisfy the aforementioned demand; some are discussed
here. In a study [1], the author uses a single-ended primary inductance converter (SEPIC)
with a passive component in PV systems that require regulated output voltage. The result
shows that SEPIC converters are well suited for smooth induction motor speed control.
Adaptive nonlinear methods are proposed in [2] for tracking a SEPIC’s maximum power
point (MPP) and regulating its output voltage. Work [3] employs the bridgeless SEPIC
converter for battery charging applications. This system can rectify and convert DC to
DC with an improved power factor and low harmonics. In [4], a current sensor-based
maximum power point tracking (MPPT) algorithm with adaptive step size is proposed for
a solar photovoltaic system based on a SEPIC. Because power is less sensitive to current
perturbation than voltage is, the author [5] proposes a high voltage gain SEPIC structure
for use in renewable energy applications; such a scheme is seen as a novel SEPIC structure.
This shows that the modified SEPIC converter has a higher voltage gain than a conventional
SEPIC or the recently discussed single-controlled switch converter. The study [6] presents
a novel non-isolated single switch quadratic modified SEPIC converter with high voltage
gain. To achieve the suggested, the converter combines a modified SEPIC converter with
a boosting module to attain a large voltage gain at a low duty ratio [7], which presents
the theory of a new DC-DC power converter’s theoretical assessment and numerical
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simulations of the SEPIC topology. A three-port dual boost SEPIC converter is described in
this article [8] for use in a hybrid PV /battery electric vehicle to enhance the efficiency and
capability of the power conversion stage. In this work [9], the perturb and observe (P&O)
and incremental conductance (IC) algorithms are used to determine the duty cycle of the
SEPIC’s pulse width modulation (PWM), which is used to control the system’s operation
point. The study [10] is centered on the dimensioning and modeling of a continuous
conduction mode SEPIC converter. In work [4], the efficiency of standard Boost and SEPIC
converters was evaluated and compared to the updated SEPIC converter. This article [11]
proposes a simple soft-switching structure adaptable to the various configurations of the
modified SEPIC converter, thereby lowering switching losses and diode reverse recovery
current. Article [12] utilizes a DC-DC converter with the Cuk-SEPIC configuration, resulting
in increased power efficiency and cost savings, especially when used with unnecessary
filters. Using a constructed model and a simulink model, this paper [13] compares the
conventional SEPIC and cascaded boost-SEPIC converters in detail. This study suggested
a new global maximum power point tracking (global-MPPT) method [14]. Under partial
shading conditions, the algorithm avoids the P&O technique disturbance problem caused
by power points trapped at the local peak point. The work [15] proposes an extendable
triple-port SEPIC (TPS) converter as a compact and efficient multiport interface with
fewer components for integrating renewable energy sources in a microgrid system. In this
publication [16], a PID controller for the SEPIC converter was developed, and the system’s
performance was investigated when the reference voltage output changed. This study
demonstrates that coupling a PID controller to a SEPIC converter is effective in terms of
design, analysis, and convenience, as it acts as a step-up and step-down voltage regulator.
This article [17] discusses the integration topology of a DC-DC SEPIC converter with a full-
bridge DC-AC inverter. The proposed topology can convert the low DC voltage to a higher
AC voltage by connecting the circuits in parallel. According to this article [18], the PWM
method is used to implement a safe adaptive controller for a non-minimum phase SEPIC
converter based on robust adaptive control. The article [19] discusses the comparison of
the recently proposed multilevel inverter (MLI). An analysis is conducted in this paper [20]
of two proposed models with two distinct modified SEPIC converters, with and without
magnetic windings for increased output voltage. In [21], a highly recommended novel
maximum power point tracking method is introduced for PV applications derived from
the proposed method with the help of the secant incremental gradient method, which is
based on the Newton—-Rapson method. The moth frame optimizer-perturb and observe
method [22] is used to implement the MPPT problem in the PV system. In [23], a hybrid
method based on the gray wolf optimizer-crow search algorithm is proposed. This control
strategy can efficiently capture the maximum power point under partially shaded and
fast-changing irradiance level conditions. The optimization of photovoltaic systems in
partial shading conditions is solved with TFWO [24], which is based on the formation of
whirlpools in a turbulent flow of water. In order to maximize the power extracted from the
photovoltaic system, the optimal duty cycle is determined using the TFWO.

To meet requirements for a constant output voltage from the converter and increase
system performance, there needs to be a reduction in the cost and size of the system. A
novel type of isolated intelligent adjustable buck-boost (ILABB) converter is introduced.

This paper has been categorized into five sections. The introduction has been dis-
cussed in Section 1. Section 2 introduces the conventional SEPIC converter. Section 3
provides a description of the new IIABB converter and HC algorithm. Our simulation
and experimental results are presented in Section 4, and in the last section of this paper,
conclusions and future directions are presented.

2. Conventional SEPIC Converter

To step down or up the input voltage, such types of converters are used in a buck-
boost topology (as shown in Figure 2). The SEPIC produces an output voltage that either
exceeds or falls below the input voltage without reversing the polarity. The SEPIC converter



Processes 2023, 11, 1010

4 0f 23

provides the regulated output voltage regardless of whether the input voltage is higher
or lower than the constant output voltage. Conventional DC-DC converters are unable to
achieve high voltage gain due to their high duty cycles, switching frequencies, transformer
requirements, and system size [1-5]. To feed a grid-connected inverter, the low voltage
from renewable energy sources must be boosted. The main aim of this paper is to introduce
the proposed converters, which are the extended form of this conventional topology.
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Figure 2. SEPIC Converter’s operate mode: (a) power MOSFET S; during the ON state, (b) power
MOSFET S; during the OFF state.

It is primarily dependent on the duty cycle and parasitic elements in the circuit that
determine how much the SEPIC converter steps up or down the level of voltage. The
output voltage Vo of the SEPIC converter can be calculated.

DV;

Vo=1—p1 1

where V; represents the input voltage and D represents the duty cycle.
However, it doesn’t contain any parasitic losses such as diode drop losses. Therefore,
the equation is as follows:

DV;
Vo +Vp = 1— E) 2)
This becomes the following:
Vo +Vp
D= c—1—F— 3
Vi+Vo+Vp ©)

For the continuous conduction mode (CCM) of operation, the computation value of
the inductor L = L, is represented by the equation below:

Vimin + Dmax

Li=1L,=
! 2 Aiomax + fsw

4
where, Vinin is the absolute minimum voltage that can be fed into the converter, Diax rep-
resents the maximum duty cycle, sy represents switching frequency, and Aipmax represents
an acceptable output current ripple.
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The SEPIC converter is similar to the buck-boost converter, but it has the advantage
of having a non-inverting output voltage. A series capacitor is used to transfer energy
from a source to a load and is capable of true shutdown. The equivalent circuit of a SEPIC
converter, as shown in Figure 2, is as follows: When the switch S; is ON, the current I} »
starts increasing, and the current across inductor L1, which comes from the instantaneous
voltage source, is approximately equivalent to the input voltage Vi, the diode D; is opened,
the input capacitor C; supplies the energy, and it operates according to the waveform during
time 0ty as shown in Figure 3. When S; is OFF, the current across the capacitor C; becomes
equal to the I} 1, therefore the inductor does not allow instantaneous changes in current.
The current flows across the inductor L, in a negative direction. This is because if the switch
is closed long enough for a half cycle of resonance with inductor L, the potential (voltage)
across capacitor C; will remain the same, which can be seen clearly with the help of the
waveform during time ty—t; as shown in Figure 3. Two inductors, L1 and L, a diode Dy,
a power MOSFET Sy, an output capacitor Cp, and a coupling capacitor C; are used in the
converter. Due to the presence of a coupling capacitor with negative polarity, diode D; is
reverse biased upon activation. When the coupling capacitor discharges, both the inductors
L; and L, get charged. During this time, the diode is turned off, and it becomes forward
biased. Inductor L; transfers energy to the coupling capacitor, while inductor L, delivers
energy to the output terminal. The L; and L, inductors can be coiled on a single core, and
they can receive the same switching period voltage. A coupled inductor minimizes the size
of the whole circuitry and the overall cost of the system.
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Figure 3. Current and voltage waveforms of a conventional SEPIC converter.
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Figure 3 demonstrates the converter switching waveforms. Vi, is the input voltage
across the power MOSFET S; when it is turned on and off. Is; represents current across
the power MOSFET Sy, I represents current across the coupling capacitor, and Iy ; and
I1» inductor currents build linearly. Ip; is the diode current, I¢; is the current through the
coupling capacitor, and I¢; is the current through the output capacitor.

3. An Isolated Intelligent Adjustable Buck-Boost Converter Is Proposed

To increase the efficiency of the converter, a modified SEPIC converter is combined
with five inductors; in this case, the five inductors are wound on the same core as the
coupling design. To reduce ripple current and improve the system’s efficiency, and also
considering that a high voltage or current can reduce the performance of the SEPIC con-
verter. Five inductors (La, L, Lc, Lp, and Lg) and four power MOSFETs (S, Sg, Sc,
and Sp) are used in the proposed novel isolated intelligent adjustable buck-boost (IIABB)
converter to adjust the applied voltage across the load side. Its advantage is that this IIABB
converter has an intelligent control strategy so that the power MOSFETs (Sg, Sc, and Sp)
will not perform high-frequency switching caused by switching loss caused by those power
MOSFETs (Sg, Sc, and Sp) only for long ON or OFF times. As a result, the circuit has a
different output power. To get the different output, further research can be performed on
this design. In the proposed IIABB converter, the power MOSFET Sy stores the output
energy of the solar photovoltaic (PV) simulator in the inductor(s) La, L, Lc, Lp, and Lg.
When Sy is ON, the inductor(s) La, L, Lc, Lp, and Lg energy is transferred to the load side,
which actuates the power MOSFETs Sg, Sc, and Sp to further change the output voltage in
order to stabilize the output power, as shown in Figure 4; the parameters for the proposed
ITABB converter are given in Table 1.

11
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Figure 4. Cont.
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Figure 4. Operation of the proposed IIABB converter with an intelligent control strategy: (a) the
power MOSFET Sy is ON and the power MOSFETs Sg, Sc, and Sp are OFF, (b) the power MOSFET
Sp is ON and the power MOSFETs Sy, Sc, and Sp are OFF, (c) the power MOSFET SC is ON and
the power MOSFETs Sy, Sg, and Sp are OFF, and (d) the power MOSFET Sp, is ON and the power
MOSFETs Sy, Sg, and Sc are OFF.

Table 1. The parameters of the proposed IIABB converter.

Component/Parameter Specification Quantity
Solar PV simulator output voltage (Vpy) 2040V -
Switching frequency 20 kHz -
Rated power 200 W -
Capacitor (Ca, Cp) 220 pF 500 pF 2
Inductors (L, Lg, Lc, Lp, Lg) 1 mH 5
Output voltage (Vo) 48V -

The rising and falling of the output voltage of a conventional SEPIC converter depends
on the duty cycle, the input voltage Vv, the diode voltage Vpa, the output voltage Vo, and
the relationship between the number of connected inductors N and the turn ratio n (taking
the turn ratio of 1:1) as expressed by Equation (5) below:

_ DVpy — Vpa(1-D)

\Y
° 1-D

N-n 5)

The circuit diagram of the proposed IIABB converter is shown in Figure 4. The solar
PV simulator has an output voltage Vpy of 20V, 30 V, and 40 V and a 48 V constant output
voltage, which provides a consistent charging voltage for the various loads.
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3.1. Topology Analysis and Intelligent Control Strategy

In this section, various modes of converter have been discussed at different conditions
(mode 1, mode 2, and mode 3, respectively) at various duty cycles and numbers of inductors,
which are calculated from the output gain Equation (5). The proposed IIABB converter has
three working modes described below:

In mode 1 of the proposed IIABB converter combined with an intelligent control
strategy, the switch S5 is conducting and the output diode D4 is reverse biased, and no
currents will be conducting during this time. The magnetizing inductor Lyja from inductor
L, is subjected to a voltage, and its current rises according to Equation (6).

Inma (t) = M + Irma(0) (6)
MA

The power MOSFET Sy is ON and power MOSFETs Sg, Sc, and Sp are OFF (as shown
in Figure 4a), and the proposed IIABB converter operates according to the waveform during
time tp—t; as shown in Figure 5. In the next interval of the proposed IIABB converter, the
power MOSFET Sg is ON and the power MOSFETs Sy, Sc, and Sp are OFF (as shown in
Figure 4b), and the proposed IIABB converter operates according to the waveform during

the time t;—ty, as shown in Figure 5. In mode 1, the V, Equation (7) is as follows:

_ DVpV - VDA(1 - D)

\% In 7
N 1D @)
-~
Duty
cycle
0 to t1 2 tj; tlme(s)
VDS of
power
MOSFET _
SA I R D D VPV
~N) .
0 to t > t3 tlme(s)
IDS of
power
MOSFET}| — — — — - ——— —— - ——— — - I,y + 1,
Sa
) .

0 to (¥ [ = time(s)
oA P — e ——— - Ly + Lo
A)

"
(0) to t > t3 lee(s)

ﬁ —————— - I\ ————— Ipv
I
————— ] R | SR

Ira

A

ILB ______ 1
o

A)

time(s)

0 to t 1) ts

Figure 5. Voltage and current waveforms show Vpg, Ips, Ipa, Ica, I a, and I g along with the duty
cycle of the proposed IIABB converter.
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Equation (8) also applies to the magnetizing inductor Lyg from inductor Lg, whose
current begins to increase when V4 is applied.

va(tl - tO)

e +Ipmg(0) (8)

Ims(t) =

It is during this mode that the load current is supplied by the output capacitor.

From the time ty1—tp, the switch S4 is not conducting a rectifying diode, and a coupled
inductor will convert the energy stored in Lyya and Lyp into an output. According to
Equations (9) and (10) below, the current on Lyjs and Ly will decrease when the voltage
polarity is reversed on them.

Vpg — V,

Itma (t) = Inma(t) — %(Q —t1) )
Vpg — V,

Itvp(t) = Ims(tr) — %(tz —1t1) (10)

One operating period ends, and a similar one begins in the time interval t;. Figure 5
illustrates the key waveforms of the proposed IIABB converter.

In mode 2, the power MOSFET Sy is ON and the power MOSFETSs Sg, Sc, and Sp
are OFF (as shown in Figure 4a), and the proposed IIABB converter operates according to
the waveform during time tp—t; as shown in Figure 5. In the next interval of the proposed
ITABB converter, the power MOSFET Sc is ON and the power MOSFETs Sy, Sg, and Sp are
OFF (as shown in Figure 4c), and the proposed IIABB converter operates according to the
waveform during time t;—t, as shown in Figure 5. The output voltage V,, can be calculated
with the help of Equation (11) below:

_ DVpy — Vpa(1-D)
1-D

Vo 2n (11)

Similarly, in mode 3, the power MOSFET Sy is ON. The rest of the switches Sg, Sc,
and Sp are turned OFF (as shown in Figure 4a), and the proposed IIABB converter operates
according to the waveform during time to—t; (Figure 5). In the next interval of the proposed
ITABB converter, the power MOSFET Sp is ON and the power MOSFETs Sy, Sg, and Sc
are OFF (as shown in Figure 4d), and the proposed IIABB converter operates according
to the waveform during time t;—t, (as shown in Figure 5). The output voltage V,, can be
calculated with the help of Equation (12) below:

_ DVpy — Vpa(1 - D)
o 1-D

Vo 3n (12)

3.2. Topology Analysis

The proposed ITABB converter scheme is shown in Figure 4. The converter is at steady
state, which implies that all currents and voltages are of a periodic nature, starting and
ending at the same points over the whole switching period, and operating in current
conduction mode (CCM).

The solar PV simulator output voltage Vpy and the DC blocking capacitor Cp are
considered constants. D is the duty ratio of the switch, DT is the period in which the switch
is closed, and (1 — D)T is the period during which it is open.

Take ideal conditions into account: when the switch Sp is open, the diode is ON, and
Kirchhoff’s voltage law applies as follows:

Via = va (13)
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Vo
Vea — - 14
CA = 3n =0 (14)
Vo
Vea = 15
CA =g (15)

When the switch S, is closed, the diode is OFF. The voltage across La for the interval

DT is as follows:
Vo
_ _ — 1
Vpv = Via = 5, =0 (16)

Kirchhoff’s voltage law around the path containing Vv, VLo, and Vca gives the following:

A%

Vpv — Via + Vea — N_‘; =0 (17)

Vo
Vima = Vea (19)
Vima = 55 (20)

Vo
VpVD + (va +Vca — N~n)(1 - D) =0 (21)
Vv + Vea(l = D) = Yo (1-D)=0 (22)
pv CA T Nn -
Vea(1=D) + Y2 (1-D)2 =0 23)
N-n
Vea(l—D) + Vo (1-D)*=0 (24)
N-n-D
Vea(1-D) = /% (1 - D)’ (25)
N-n-D

Vo 2 _ Vo

Vo 2 Vo
Vpy N-n-D(l D)” + NaD (1-D) (27)

_ Vo(1-D)*+V,o(1-D)
Vev = N-n-D 28)
Vpv Vo (1-D)+V,D
= (29)
(1-D) NnD
Equation (30) for voltage gain switch voltage stress is as follows:
DVpy

Vo=7—=Nn (30)

where D is the duty cycle of the switch and ‘n” is the turn ratio considered to be (1:1).
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3.3. Hill-Climbing Algorithm

The hill-climbing (HC) algorithm is the MPPT algorithm often used in solar power
systems. This is because of the HC algorithm’s simple control structure and low design
cost. The HC algorithm is suitable for a uniform sunlight environment, and this algorithm
is compared according to the output power of solar PV modules to control the actuating
point and then catch the MPP. This algorithm’s disadvantages [25-27] are as follows:

(1) With its disturbance characteristics, it will cause power loss and lower the system’s performance.
(2) Itisnot suitable for partially shaded environments; it will operate at the local maxi-
mum power point, resulting in low system efficiency.

This study proposes an IIABB converter combined with the HC algorithm. The
proposed IIABB converter is verified to be suitable for the MPPT algorithm under actual
measurements so that the solar power generation system can capture MPP and improve
system performance.

4. Simulation and Experimental Results
Simulation Result

The proposed IIABB converter is simulated in MATLAB R2021b at different input
voltages, and the results are being compared with the conventional SEPIC converter. The
parameters/components specifications used in MATLAB for the novel SEPIC converter
are shown in Table 1. The proposed IIABB converter gives a constant output voltage V,,
irrespective of the solar PV module output voltage Vpy.

Some of the conditions are discussed below:

Condition 1:

Figure 6 shows the simulation waveform of the proposed IIABB converter for solar PV
module output voltage Vpy of 20 V and N = 1. Figure 6a shows the switching modulation
of the gate pulse of four switches by showing that switches Sp and Sg are in conduction
mode whereas Sc and Sp are not conducting, and the duty cycle of the power MOSFET Sp
is calculated to be 0.7 by choosing the value of N = 1 with the help of Equation (7).

When the solar PV module output voltage of Vpy 20 V is applied with a duty cy-
cle of 0.7, an output voltage of 48 V is achieved, as shown in Figure 6b for the use of
battery charge.

(U U UYL

20 n2us 2w

LT b T o oy
Time(second)

(a)

Figure 6. Cont.
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Figure 6. Simulation result of the proposed IIABB converter for solar PV module input voltage Vpy
of 20 V and corresponding output voltage V, = 48 V and number of connected inductors N = 1 with
duty cycle 0.7 (a) gate pulse waveform where Sy and Sg are in operating condition and S¢ and Sp, are
not operating, and (b) the Vv and output voltage V.

Condition 2:

Figure 7 shows the simulation results of the proposed IIABB converter for Vy,y of 20 V
and N = 2. Figure 7a shows the switching modulation of the gate pulse of four switches
with switches S5 and Sc in conduction mode, whereas Sg and Sp are not conducting, and
the duty cycle of the power MOSFET S, is calculated to be 0.55 by choosing the value of
N = 2 with the help of Equation (11). When V,y =20 V is applied with a duty cycle of 0.55,
an output voltage of 48 V is achieved, as shown in Figure 7b for the use of battery charge.
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Figure 7. Simulation result of the proposed IIABB converter for solar PV module input voltage Vpy
of 20 V and corresponding output voltage V, = 48 V and number of connected inductors N = 2 with
duty cycle 0.55 (a) gate pulse waveform where S5 and Sc are in operating condition and Sg and Sp
are not operating, and (b) the V,y and output voltage V.

Condition 3:

Figure 8 depicts the simulation results of the proposed IIABB converter for Vp,y of 30 V
and N = 3. Figure 8a shows the switching modulation of the gate pulse of four switches
with switches Sy and Sp in conduction mode, whereas Sg and Sc are not conducting, and
the duty cycle of the power MOSFET S, is calculated to be 0.35 by choosing the value of
N = 3 with the help of Equation (12). When Vv = 30 V is applied with a duty cycle of 0.35,
an output voltage of 48 V is achieved, as shown in Figure 8b.
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Figure 8. Simulation result of the proposed IIABB converter for solar PV module input voltage Vpy
of 30 V and corresponding output voltage V, = 48 V and number of connected inductors N = 3 with
duty cycle 0.35 (a) gate pulse waveform where Sp and Sp are in operating condition and Sg and Sc
are not operating, and (b) the Vy and output voltage V.

Table 2 illustrates the proposed topology compared with conventional SEPIC and
boost converters, previous non-coupled inductor SEPIC-based converters [27,28], and other
previous converters that employ the same topology. With reference to the other literature,
this comparison compares the voltage gain capability of the proposed converter. It can be
seen from the table that the voltage gain of the proposed converter is higher than those
in [27-29] and also than the SEPIC and boost converters, both used in classical electronics.
A continuous input current is also provided by the converter. Consequently, renewable
energy applications will be easier to implement. Accordingly, the proposed converter has
the advantages of coupled inductor converters and also has a high voltage gain, low voltage
stress on the elements, a continuous input current, a positive output, and is capable of
handling more power in comparison with the converters with near voltage gains in [28,30].
With the help of Table 2, it becomes clear that with a low duty ratio, the gain will be high
and hence more efficient when compared to other topologies.

Table 2. Comparison between the proposed converter and some other converters.

Parameters
References .
Voltage Gain Number of Switches Number of Diodes Number of Inductors Continous Input Current
Proposed DVpy N-n 4 2 5 Yes
1-D
D
SEPIC — 1 2 2 Yes
1-D
Boost D 1 1 1 Yes
1-D
[27] 1+D 1 2 2 Yes
1-D
[28] 3D 1 2 2 Yes
1-D
[29] D 1 2 2 No
1-D
[30] =D 1 3 3 No
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For the purpose of verifying the theoretical analysis and effectiveness of the proposed
IIABB converter, a laboratory prototype of the converter is implemented and tested in
conjunction with the previous section. The proposed IIABB converter specification is
shown in Table 1. The above simulation results were verified by hardware implementation.
Figure 9 illustrates the experimental setup of the proposed converter. For controlling the
novel converter, the Texas DSP TMS320F28379D is used as a pulse width modulation IC. In
Table 3, the solar PV simulator specifications are under an irradiance level of 1000 W/ m?
and a temperature of 25 °C; we have taken 50 V and 5.5 A for the open circuit voltage and
short circuit current, respectively, and 200 W as the maximum power achieved.

r’

i

PV simulator

I Proposed
%; = converter
| —
] 8ass
=
| —— — —
| — —— —
| —  — — —
t‘——.-—:—__

Secondary side of
the converter

o F 3
Gate Driver 2, k - \/ J
Board S _ .
Gate
Driver
Supply

Input

: " ] | F
— Output terminals

Couple across Capacitor
Inductor
Primory side of the
converter “ '

Figure 9. Hardware prototype of the proposed IIABB converter.



Processes 2023, 11, 1010

16 of 23

Table 3. The solar PV simulator specification.

Parameters Specification
Open circuit voltage (Voc) 50V
Short circuit current (Isc) 55A
Maximum power point voltage (Vimpp) 40V
Maximum power point current (Impp) 5A
Maximum power point (Pmpp) 200 W

Table 4 illustrates the hardware results for the proposed IIABB converter by varying
the number of inductors (N) along with the solar PV simulator output voltage Vp, and
the constant output voltage variation because a battery charger requires constant output
voltage with various advantages. As the number of inductors increases, the current ripple of
the proposed converter reduces, providing high gain with a low duty ratio when compared
to a conventional SEPIC converter. Moreover, the coupled inductor reduces the size of the
whole circuitry.

Table 4. Hardware results for the proposed IIABB converter for battery charger application.

Number of Inductors Vpv Vo D Efficiency
20V 48V 0.70 92%
N=1 30V 48V 0.62 94%
40V 48V 0.55 96%
20V 48V 0.55 96%
N=2 30V 48V 047 98%
40V 48V 0.38 99%
20V 48V 0.45 98%
N=3 30V 48V 0.35 99%
40V 48V 0.30 99%

Figure 10 shows the experimental waveform of the proposed IIABB converter for a
Vpv of 20 V and number of inductors N = 1. Figure 11a displays the switches Sy and Sg
are operating, while Sc and Sp are not operating, and the switches work via an intelligent
control strategy. Figure 11b shows the waveform of Vp,y =20 V and an output voltage of
Vout =48V at a duty cycle of 0.7 according to Equation (5). Figure 11 shows the experi-
mental waveform of the proposed IIABB converter for a Vv of 30 V and N = 1. Figure 12a
displays the switches S and Sp are operating; the switches Sc and Sp are not operating via
an intelligent control strategy. Figure 12b shows the waveform of Vy,y = 20 V and an output
voltage of Vout = 48 V at a duty cycle of 0.62 according to Equation (5), as shown in Table 4.

Figures 12-14 show an irradiance level of 1000 W/m? and a temperature of 25 °C, the
experimental waveform of the proposed IIABB converter, and N = 1, 2, and 3, respectively.
In these cases, the proposed IIABB converter has an intelligent control strategy and HC
algorithm. First, switch Sy works by the HC algorithm. Second, switches Sg, Sc, and Sp
work via an intelligent control strategy. Finally, Vpy =40V, i.e., the HC algorithm, catches
the maximum power point voltage Vimpp, and Vout = 48 V can offer battery charging, as
shown in Table 4.
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Figure 10. Experimental waveforms of the proposed IIABB converter for Vv of 20 Vand N = 1:
(a) experimental waveforms of switches Sy and Sg are operating; Sc and Sp are not operating; and
(b) waveforms of Vpy =20 V and output voltage Vout = 48 V via an intelligent control strategy at a
duty cycle of 0.7.
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Figure 11. Experimental waveforms of the proposed IIABB converter for Vv of 30 V and N = 1:
(a) experimental waveforms of switches Sy and Sg that are operating; Sc and Sp are not operating;
and (b) waveforms of Vv = 30 V and output voltage Vout = 48 V via an intelligent control strategy at
a duty cycle of 0.62.
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Figure 12. Experimental waveforms of the proposed IIABB converter for Vv of 40 V and N = 1:
(a) experimental waveforms of switches Sy and Sg are operating; Sc and Sp are not operating; and
(b) waveforms of Vv =40 V and output voltage Vout =48 V via an intelligent control strategy and
HC MPPT algorithm at a duty cycle of 0.55.
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Figure 13. Experimental waveforms of the proposed IIABB converter for Vv of 40 Vand N = 2:
(a) experimental waveforms of switches S5 and Sc are operating; Sg and Sp are not operating; and
(b) waveforms of Vpy =40 V and output voltage Vout =48 V via an intelligent control strategy and
HC MPPT algorithm at a duty cycle of 0.38.
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Figure 14. Experimental waveforms of the proposed IITABB converter for Vpy of 40 V and N = 3:
(a) experimental waveforms of switches S5 and Sp are operating; Sg and Sc are not operating; and
(b) waveforms of Vv =40 V and output voltage Vout = 48 V via an intelligent control strategy and
HC MPPT algorithm at a duty cycle of 0.3.

5. Conclusions

This study has presented a detailed description and circuit design, as well as step-
by-step design equations for the proposed IIABB converter for a solar power system. The
proposed converter has a constant output voltage and can be utilized with an intelligent
control strategy and HC MPPT algorithm to capture the MPP. With the help of MATLAB
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R2021, the performance of the innovative IIABB converter is compared and verified with
the performance of the conventional SEPIC converter. Instead of a transformer, a coupled
inductor is designed, which significantly reduces the input current ripple of the converter
and hence reduces the cost and size of the converter. Simulation results and experimental
results revealed that the proposed converter is more efficient than conventional DC-DC
converters at various input voltage levels and gives high efficiency at low duty cycles.
In addition, we use the HC algorithm for MPPT control, which improves the system’s
performance. The proposed IIABB converter efficiency is ~92-99%. In this case, we have
taken an electronic load in CC (constant current) mode. When the load changes, the load
current will change, and output can control voltage level from the load terminal.

This research has contributed to the development of a novel IIABB converter that
may be employed in renewable energy systems. The constant output voltage of the novel
converter can be used for battery charging and for inverter applications; therefore, the
proposed converter is suitable for various conditions.

In the future, we can increase the number of components in the proposed IIABB
converter so that it can be used for high-power applications, such as for large industrial
purposes and numerous PV applications; moreover, by making some minor changes in
the circuitry, a new form of DC-AC inverter can also be proposed with the help of this
same idea.
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