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Abstract: The synchronous integration of numerous input and output loads is possible with multi-
input (MI) and multi-output (MO) DC-DC converters. In this paper, the non-isolated DC-DC
converter described, which has a high step-up capability and multiple ports for outputs and inputs
for energy storage system (ESS) applications. The voltage level of the converter is changeable. The
capacity to provide the large voltage increases with a low duty cycle portion, the ease with which each
duty cycle can be controlled, and minimal power losses are all advantages of the proposed design.
The proposed system offers advantages for applications requiring energy storage. In the continuous
conduction mode (CCM), the operation principles, steady-state evaluation, and extracting of the
voltage and current coefficients are performed. The supply sources can be inserted or withdrawn
without causing a cross-regulation issue in the proposed converter. Ultimately, the functionality of
the proposed structure is examined using simulation and the laboratory prototype that has been
implemented. The proposed converter achieved 94.3% efficiency at maximum power. In addition,
the proposed converter attained minimum losses with a difference of 28.5 W when compared to a
conventional converter.

Keywords: multi—input multi—output; step-up converter; energy storage; DC-DC converter

1. Introduction

Due to the rapid development of power electronic technology, the ESS dependent
on batteries or ultracapacitors has been widely employed in various scenarios, such as
photovoltaic and wind energy systems, smart grids, electric vehicles, urban rail trans-
portation systems, etc. [1]. The renewable energy (RE) sources are frequently combined
with other clean energy sources. The energy source is varied by using numerous inputs
in order to boost dependability, and the use of RE sources have DC voltage outputs, and
each source has its unique voltage and current features. MI converters are used to de-
crease the quantity of converters needed to transform the voltage [2,3]. However, MO
converters are required to give the necessary power to loads operating at various voltages.
A multi-input-multi-output converter (MIMO) is created by a cascading connection of
single-input-multi-output (SIMO) and multi-input-single-output (MISO) converters [4].
The MIMO converter provides benefits over multiple individual converters, such as fewer
circuit components and conversion phases that will lead toward a more compact design
and a cheaper price. In some circumstances, it could be necessary to integrate various
renewable sources with varying power levels, such as photovoltaic (PV) panels, fuel cells,
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batteries, and ultracapacitors, in order to provide a single load [5]. Therefore, it is important
to combine the various energy sources as efficiently as feasible. A MIMO can resolve this
problem by combining the advantages of each source into a single converter to provide
a controlled DC output and energy storage, or it can provide the AC load after passing
through a DC-AC inverter, as shown in Figure 1.

PV Panel

DC Load

Multi Input | DC- AC

Converter Inverter AC Load

Wind Energy %

Energy Storage

Figure 1. Block diagram of MIMO converter in energy storage.

MIMO converter offers various merits, when compared to single-input-single-output
(SISO), SIMO, and MISO converters. A MIMO converter enables customers to employ them
in numerous sorts of loads by enabling input from several sources. These converters often
assist in combining several sources that produce DC power directly. Due to environmental
concerns and the need for stability, research emphasis has recently shifted to micro grids that
combine various energy storage devices and renewable energy sources. MIMO converters
are essential in such situations for integrating and merging these energy sources to serve
the loads when compared to SISO and SIMO converters. The MISO converter is the most
often suggested method by researchers to mix various energy sources at various voltage
levels [6]. These converters have the drawback of having just one source able to power
the load simultaneously. By splitting the current from sources, the MIMO guarantees a
seamless transition of power across loads and finally divides the power appropriately when
relating to the MISO converter.

MIMOs can be classified as isolated or non-isolated. The isolated-type MIMO uses
a transformer with numerous secondary circuits to interact with numerous loads. In this
instance, just one of the outputs is highly restricted; the other outputs are connected to
additional subordinate windings. In non-isolated MIMOs, there is no electrolytic separation
between various ports [7]. Additionally, they are further divided into single and numerous
inductors depending on the quantity of the inductive loads. MIMO converters provide
the benefits of a lower device count, better power density, and fewer power transmission
phases as compared to the traditional DC-DC system design with separate converters. The
input cells are typically linked in parallel at the input stage of numerous single inductor
MIMO converters, but the output cells may be linked in series or in parallel [8,9]. Due to the
common inductor, there is a cross-regulation issue with the output cells that are linked in
parallel. Implementing the appropriate control to decrease the reciprocal coupling among
output cells coupled in parallel is inherently difficult [10].

The charge sharing method for creating numerous outputs is described in [11]. The
authors suggested that even in the CCM, the outputs are load-dependent. A MIMO



Energies 2022, 15, 5559

30f19

converter’s setup and its transactional and analytical challenges are addressed in [12]. The
functionality of this converter family depends on a time-multiplexing technique [13]. There
were a lot of cross-regulation issues, since the outputs of this specific type of MPC are all
linked to the same switch node. The dynamic responsiveness of the converters discussed
before is typically insufficient in terms of efficiency. A DC-DC converter with resonant
MI and MO has been developed [14]. To ensure zero-voltage switching (ZVS) including
all power switches during both turn-on and turn-off, the control system must adhere
to a certain PWM technique. To address the cross-regulation issue, a model predictive
control-based digital control system has been presented [15].

In [16], a unique construction for MIMO DC-DC boost converters is put forth, one
that features a high switching frequency without a transformer, a constant current, a
high voltage gain without a large duty cycle, and a high voltage gain. A unique non-
isolated SEPIC-based multi-input structure is discussed in [17] to address the issues with
intermittency of discontinuous power supply. The authors of [18] introduce a new double-
input architecture built from a boost and Y-source DC-DC converter [19]. A deadbeat-based
solution that incorporates input current and output voltage regulation has been suggested
to enhance the performance of regulation [20]. These techniques demand some quite
challenging computations. A limitless number of input devices cannot be integrated in
a large portion of the previous research work because the time-multiplexing regulation
cannot be ignored [21]. Furthermore, the shared inductor and the cross-regulation issue
cannot be solved when the outputs are connected with one another. In some circumstances,
this limitation exponentially increases the related control complexity. There are various
uses, including solar power supply, energy storage, and Internet-of-Things (IoT) devices,
despite the non-common ground caused by the series assembly type [22,23]. The design
technique is rigorously followed to obtain the controller’s optimal performance. In this
research, a dsPIC30F4013 controller was used to execute the proposed converter.

A switched capacitor-based MIMO converter with a high voltage gain and an easy
control scheme is given in [24]. But the number of components is very high. A boost
converter using MIs and MOs has been proposed in [25], and it is appropriate for combining
various energy sources in EVs. The inability to use two sources together is a drawback
of this arrangement. In [26], a non-isolated MIMO converter with a high gain and no
linked inductor was constructed. With this converter, the voltage increase ratio is greater.
However, compared to the proposed converter, it has less voltage gain. The MI step-up
converter is reported in [27] for integrating several energy sources. However, the voltage
gain of this converter is less than the proposed converter. Hence in this paper, non-isolated
structure, high voltage gain, minimum number of components are considered to design the
proposed converter.

This paper focuses on analyzing and proposing a new MIMO boost converter with
high efficiency and constant input and output currents. There is no requirement for
time-multiplexing, and the accompanying control technique is fairly simple. In addition,
adjustable additions and deletions of inputs and outputs are possible without altering
the control strategy. The proposed converter enables the two inputs to feed the load
simultaneously with a continuous input current. As a function, this arrangement is very
generic for expansion, has uncomplicated control, is highly flexible, and has no cross-
regulation issue.

The structure of this paper is as follows: The operation of the proposed converter
is provided in Section 2. The steps in the proposed converter’s design are described in
Section 3. The simulation and experimental results of the proposed converter are discussed
in Section 4. A comparison of the results obtained to previously released works is shown in
Section 5. The paper’s conclusion is the focus of Section 6.

2. Operation of the Proposed Converter

In its most basic form, an MI converter is a circuit layout that incorporates several
input voltage sources with various voltage levels and delivers an output DC load. If a
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DC-DC converter is synthesized using a pulsing voltage source, or a pulsating current
source relies on the characteristics of circuits and systems [28], these modules must be
linked in parallel to provide the load in the event of pulsing current sources, such as boost
converters. This paper studies and analyses the converter’s MI and MO configurations,
which are depicted in Figure 2.
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Figure 2. Circuit diagram of proposed converter.
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Each of the pulsing current sources is made up of inductors (L, and L), diodes
(D7 and Dy) and power switches (S; and Sy). They are each linked to various voltage
sources at various voltage levels, notably Vinput1—Vinput2- Additionally, regardless of the
switching strategy, the capacitors C; and C3 and the inductor L. are to guarantee the output
current’s continuance. The proposed converter’s working principal is explained below,
with discussions of theoretical voltage and current studies of each CCM and discontinuous
conduction mode (DCM).

2.1. Mode 1 Operation

The schematic diagram of Mode 1 is represented in Figure 3. In Mode 1, switch 5;
conducts, while switch S, remains non-conducting at the beginning of this time period.
The corresponding time period is represented as Topn. Since the inductor L,’s current rises
proportionately as a result of being closely linked to the first voltage input (Vinput1), the
amount of energy that can be stored in L, also grows. Diode D; is reverse-biased. As a
result, the output load’s currents are provided by the inductors L, and Lc via the capacitors
C; and C3. To do this, there is a steady reduction in the stored energy of C;, C3, L, and L.
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Figure 3. Mode 1 operation (—- Current flow direction).

2.2. Mode 2 Operation

The schematic diagram of Mode 2 is represented in Figure 4. In this state, switch S; is
turned off, while switch S; is active. The period of time is now represented as Toff. In this
mode, the circuit is supplied by input source Viyput2, which are both present. Reverse bias
is present in diode Dj. As a result, the capacitors C; and Cz and the inductors Ly, and L,
are linked. L;’s current is thereafter sharply decreased from its peak level to bottom value
as a result of the energy stored in L, being recycled to inductor L. and capacitor C3. As
a consequence, from its lowest value to its highest value, the current passing through L,
and L. is sharply increased. The capacitors C; and Cj3’s voltages are increasing. The key
waveforms under the CCM condition are displayed in Figure 5.
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Figure 4. Mode 2 operation (—- Current flow direction).
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Figure 5. Mode 3 operation (—- Current flow direction).

2.3. Mode 3 Operation

The schematic diagram of Mode 3 is represented in Figure 5. In this state, both switches
S1 and S; are turned off. The stored energy in L, is released through D, for charging C,,
and the energy stored in L, is supplied to R; at the same time. Currents going through L,
and Ly, are gradually decreased. The key waveforms are displayed in Figure 6.
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Figure 6. The proposed converter’s theoretical operational waveform.

3. The Proposed MIMO Converter’s Design Process

The basic control strategy on the input side involves controlling the input sources
while employing the matched input cells as controllable sources. The steady-state flow
analyses are only computed in the CCM since the converter operation is chosen in CCM.
Under the CCM scenario, the optimum voltage gain of the proposed converter is first
determined, followed by the average current of the power components. The equipment’s
current stress predictions are determined in the last phase.

It is possible to regulate the output cells separately. Direct duty cycle control is
achieved using the switches S; and S, of the output voltage source mode (VSM) cell
if a controllable output current is needed [29]. Voltage-programmed regulation can be
used when a controlled output voltage is necessary. We show the MI and MO types of
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the proposed converter here with an experiment, where one output provides a constant
current via direct duty cycle control, while the second output delivers constant voltage via
voltage-programmed regulation. Here, the MI and MO types of the proposed converter are
presented, where the first output offers a fixed current, and the second output delivers a
fixed voltage.

3.1. Voltage Gain

The output voltages of the converters are,

Vinputi 5

Vouput1 = Vo1 = 1liplujl =1 0.79 =23.80V (1)
Vi 12

Vouputa = Ve = 7% = =3636 V @)

1-D, 1-0.67

This configuration’s conversion ratio can be written as [30],

V. 1

G = outputl _ (3)
Vinputl 1-D,
Vi 1

Gy = output2 _ (4)

VinputZ 1-D,

The load current can be represented as,

Vi
I = % = (1=D1)Ia + (1= D2)Ipp ®

The inductor current I} . can be written as,
Ire = D1l + Dalpy (6)

3.2. Power Consumed by Each Source

The closed-loop regulation of the output current of all sources, the inductor current
I1 4, is kept constant. A closed-loop control is also used to adjust the output voltage of the
second output. The output and input currents of the VSM cell are directly related to one
another. As a result, fixed duty cycle regulation can be used to produce a constant current at
the first output. Here, we employ a basic duty cycle regulation to retain the steady output
current. Considering that the duty cycle D; of switch S; and the duty cycle D; of switch S,
are equal, the power produced from the input sources through the associated input cell
during ideal circumstances can be stated as,

Pinputl = VinputlDllLa (7)

Pinputz = VinputZDZILb (8)
where I, and I}, are the steady-state inductor current, and P p,1 and Py, are the power
supplied from the input sources Vi1 and Vi pup, respectively. The connection shown
below can therefore be obtained:

Pinputl Vinputl

)

Pinputz VinputZ

According to the calculations provided, every input source’s power consumption is
related to its associated voltage when the fixed current regulation is used. It is a result of
the switches on the respective input cells having the same duty cycle.

It is important to remember that when there are more than two input cells, some of
them are regulated to supply a fixed current, while other inputs are directly controlled by
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duty cycle regulation. The functionality of this setup will not be impacted if any of these
input cells are removed. Power supplied over the first current of input would instantly rise
whenever the power supplied through the second cell diminishes. The direct connection
between the input and output currents remains constant at the same moment. In this
technique, the input voltage providing the second input cell, i.e., Viypup0, is subjected to a
designing restraint to guarantee appropriate operation. Particularly, Vj,,,» needs to be
lower than the power needed mostly by the output loads.
The necessary power through the loads Po can be represented as follows:

Py = (1—D1)*I2,Ry + (1 — Dy)*I3,R, (10)
where R; and R; are the respective loads of the two output cells.

3.3. Inductor Selection

The inductor current selection is significant since it is the primary variable in the
entire control strategy. The input and output power must comply with the relationship
Piy max > P, in order for the proposed converter to function properly. The selection of
inductor and change in inductor current can be represented as,

|
Alp, = f%nputlDlT (11)
a
Vinputt D1T Vinpun D1 5 x 0.79
= = = =0.225 uH 12
a AlL, fAL, 25,000 %7 H (12)
4 1
Aipp = benputZDZT (13)
L, — VinputZDZT - VinputZDZ - 12 x 0.67 — 08 uH (14)
VT TTAL, | fAL,  25000x7 oW

The choice of the inductor is crucial to guaranteeing a constant source current for the
output cells. The proposed arrangement operates in its worst possible condition when
there is just a single source of power going to the output cells, and the switches for the two
output cells are continuously off. The source with the fixed input cell is the source that
consistently supplies power for the proposed control mechanism.

3.4. Capacitor Selection

The output voltage of the VSM unit should be constant in order to preserve the steady-
state connection between the input and the current. The choice of the appropriate capacitor
is determined by this criterion. The voltage drop of C; can be written as,

ILa
AVq = 15
cl f < Cl ( )

To guarantee a constant output voltage, the values of C; and C3 must meet the inequal-
ity shown below:

Iog 24

C = - — 6.4 uF 16

VT FXAV. 25,000 x 15 H (16)
Ioa 15

Cs 4 uF (17)

T FxAV. 25000x15

3.5. Stability Analysis

To achieve system stability, the closed-loop poles of the characteristic polynomial
should be within the unit circle [30]. Because it transfers the left half of the S-plane to the
inside of the unit circle in the Z-plane it preserves compensator stability. The projected
error variables must meet at zero from any non-zero beginning value, since the controller
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is primarily designed to check the robustness of the control rule. This validates that the
system under consideration is stable with the appropriate pole positions. The transfer
function of the proposed converter for C3 = 4 uF is found as follows,

6 x 10052 4+ 3 x 107s + 11 x 1012

H(s) = 18
(5) 4s* + 520053 + 750052 — 4 x 10°s + 750 x 1011 (18)

The converter remains steady even when the value of the capacitor C; is increased. The
system poles, on the other hand, migrate to the right side of the axis, and their imaginary
values are falling. As a result, by lowering the imaginary quantities of the poles, the
frequency of the converter’s dampening variations will be lowered.

4. Results and Discussion

To assess its performance, the proposed converter was simulated under various cir-
cumstances. The proposed system was developed and modeled using MATLAB/Simulink
software. The values of the parameters are shown in Table 1. Figure 7 shows the input
voltage waveforms of the proposed converter. The matching input voltages 5V and 12 V
are kept at a constant state.

Table 1. Design parameters.

Parameters Symbol Value
V; 5V
Input Voltages inputl
P 8 Vinputz 12v
V 24V
Output Voltages outputl
P & VOutputZ 36V
G 6.4 uF
Capacitors Cy 4 uF
C3 4 MF
L, 0.225 uH
Inductors Ly 0.8 uH
Lc 0.8 uH
. Ry 10Q
Load Resistance Ry 150
D; 0.79
Duty Cycle D, 0.67
Switching Frequency Fs 25,000 Hz
g\ T T T T T T T T
2 5
g
> O I 1 1 1 1 | 1 1
0 0.1 0.2 04 0.5 0.6 0.7 0.8 0.9
Time (s)
S\ 15 T T T T T T T T
N’
g 10 [
g 57
> O | | | | | | | |

(=]
(=]
—
=]
NS}

04 0.5 0.6
Time (s)

Figure 7. Simulation response of input voltage waveform.
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Figure 8 shows the equivalent switching pulse waveforms. The corresponding input
voltages 5 V and 12 V are maintained as a steady-state. The corresponding switching pulse
waveforms are illustrated in Figure 8. By switching the inductor at a frequency of 25 kHz,
the inductor waveform is produced. Figure 9 shows the input inductance currents (I;, and
I1p) and the output capacitance (Voutput2). The current in the circuit tries to increase, while
the coil stores energy when the switch is turned on, and the input voltages are given to
the inductor circuit. The output capacitor provides the load current during this time. The
proposed converter has a characteristic that minimizes switching fatigue and capacitive
turn-on loss since there is no voltage spike across the switch because the energy stored in
the leakage current is released through the diodes in the switch turn-off time. Figure 10
shows the simulation response of the output voltages. The output voltages can produce up
to 24 V and 36 V. As a result, it was determined that combining a MIMO converter with a
PV system produces 3 to 4 times the amount of input voltages.

T T

T T T T T T T
Vdsi

/

| Il | 1 | | 1 1 1

0.002  0.004 0.006 0.008 001 0.012 0014 0.016 0018 0.02
Time (s)

(a)

T T T T T T Vdszl T

/

0.002  0.004 0.006 0.008 0.01 0.012 0.014 0016 0.018 0.02

Time (s)
(b)

Figure 8. Simulation response of gate pulses (a) V351 and (b) V0.

Experimental Results

To show off the effectiveness of the proposed converter, a lab prototype was designed
and is represented in Figure 11. The switching gate pulses are produced using a dsPIC
30F4013 micro controller. The proposed converter was tested under a constant load, step
change in load, and variable load change conditions.
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Figure 9. Simulation response of input inductor currents and capacitance voltage.
g 30 T I T T T T | T T
SN—
= 20 T
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Figure 10. Simulation response of output voltages.

Figure 11. Experimental setup.
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When the fixed current control is the supplied input, the appropriate waveform is
seen in Figure 12. To assess the converter’s ability to balance the voltage, this input
voltage (5 V) was recorded during steady-state execution (1 Div. =5 V). The experimental
waveform of input voltage 2 is represented as Figure 13 under a fixed current control state.
It demonstrates that the proposed MIMO converter can maintain a steady DC voltage level
under CCM while operating with both stable and unstable loads.

GWINSTEK 18k pts 1MSa/s : ™  Auto 17 Feb 2828 16 :06 :57

@ Frequency 7 @Dutycycle 7 Qfnplitude 7

) 1ns () 6.888s | @)

Figure 12. Input voltage 1 waveform.

M 100ns 0.0s

Coupling
<« DC

BW Limit

Volts/Div

Vinput2

Pagel/2
CHL £ 0.00mV

Figure 13. Input voltage 2 waveform.

Figure 14 shows the output voltage 1, the inductance voltage Vi,, and the drain-to-
source voltage of switch 1. The driving signal for the two input units is identical in this
scenario since it is produced through closed-loop regulation. The inductive voltage (Vi)
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waveform is shown in Figure 15 (1 Div. = 2 V). It displays how the converter can function
in two modes when the frequency is pulse-width-modulated. It is important to observe
that at the conclusion of each switching cycle, the current flowing through the inductor
L, becomes continuous. As a result, the proposed converter’s operation in the CCM is
confirmed. Figure 16 exhibits the output voltage 1 and the drain-to-source voltages of
switch 2. Figure 17 depicts the output voltage 2 experiment waveform (1 Div. = 10 V). The
proposed converter could deliver many outputs at once, according to the experimental
findings. It is clear that duty cycles and switching periods of the two input cells varied. It
demonstrates that the input voltage is triple the output voltage.

GWINSTEK 18k pts =
Save Image

File Format
Voutputl Png

/VLa Ink Saver

On Off

File Utilities

18us (3 O.

1 = 2. = _ ] 2 . - : a) 8.000s | Q) bl -
Save | Recall | Recall Edit
Image Waveform | {| Waveform | Setup || File Label

GWINSTEK 10k pts 588MSa/s

) 2us (@1.200us [ @ |

Figure 15. Inductance voltage V}; waveform.



Energies 2022, 15, 5559 15 of 19

M 100us 0.0s

|
|
|
|
'
|
|
|

Figure 16. Switching voltage 2 waveform.
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Figure 18 illustrates the relevant functioning waveforms of variable loads under the
CCM. The output status is also unchanged as before. We confirm that the two output
streams are separate of one another without needing any additional control obtained from
the experiments. Therefore, regardless of the quantity of outputs, the control strategy can
be the same straightforward constant current regulation. A step voltage command response
is shown to demonstrate the proposed multi-objective control. An acceptable overshoot
and a disturbance were seen as presented. The proposed converter is integrated into the PV
system during fluctuating load under the CCM as shown in Figure 19 (1 Div. = 10 V). This

Figure 17. Output voltage 2 waveform.
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result implies that the proposed converter can operate with ease in conditions of fluctuating
irradiance and load.
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Figure 19. The output voltage (Voupur2) under variable changes in the load conditions.

5. Discussion

A detailed comparative analysis of a proposed converter with existing published
converters is provided in Table 2 to further highlight the essential characteristics of the
pro-posed converter. These converters are primarily contrasted in terms of converter
type, quantity of switches, inputs, outputs, efficiency, and capacity for expansion and
inferences. The proposed converter has a fewer number of switches as compared to the
previous converters. Since, cross-regulation is not an issue, the appropriate control is
simple and very effective. Furthermore, the stability study finds a high power density,
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which results in a high extended capacity. Figure 20 compares the proposed converter’s
power losses to that of a typical converter, with an anticipated total loss difference of
28.5 W. With conduction losses (S; and S,), inductor core losses, induction winding losses,
diode conduction losses, and capacitor losses, the proposed converter has lower losses
than the conventional converter. Reduced conduction losses for switches and diodes as
a consequence account for most of the efficiency gap between the two converters. The
experimental results of the proposed converter’s maximum efficiency under various load
conditions are shown in Figure 21. At maximum loading power, the converter efficiency is
predicted to be 94.3%.

Table 2. Comparison with existing works.

Number of Switches

Ref. Converter Type v ov PD EC Stability Efficiency Observations
C S L Outputs
MIMO high step-up 30V 21V Hybrid energy
[1] transformerless 3 4 1 2 / ’ Medium Medium NR 93.98 sources integration
20V 8V
converter and MO
Step-up boost 34V 80V high voltage gain
[8] converter with 5 2 2 2 4 4 Medium Medium NR 934 without maximum
48V 40V
CLD cell value of duty cycle
Switching boosting 2%V 2V Improve the power
[12] action-based 5 4 1 2 20 V’ 1nv High Low NR 921 density in various
MIMO converter load applications
Integration of
Single-inductor 24V, 12V, . various loads with
[16] MIMO converter 3 4 2 1 20V 8V Medium Low NR 89.7 minimum number
of components
Single-inductor— .
- . Integration of
g  multi-input-multi- 3 4 1 3 18v, 12V, g Medium NR 915 multiple loads with
output 2V 8V fixed current control
DC-DC converter
Hich step-up MIMO Tarnsformerless
Proposed 5o b b low 3 2 3 2 SV 2V high High Reported 943 MIMO converter
Work 12V 36V & & p ’ with fewer number

power losses

of switches

D—Diode, C—Capacitors, S—Switch, L—Inductors, IV—Input Voltage, OV—Output voltage, PD—Power Density,
EC—EXxtension capability, and NR—Not Reported.

T T T T T
Bl Conventional Converter

80 lProposed Converter b
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-
5
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—
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Figure 20. Power loss comparison of proposed converter with traditional converter.
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6. Conclusions

This work developed a transformerless and non-isolated rapid step-up MIMO DC-DC
power converter with low power losses. The proposed converter is suitable for energy
storage applications since it simply has two switches. Because the proposed converter runs
in just two operational modes throughout each duty cycle, the converter’s control technique
is simple. The performance concepts, theoretical voltage or current assessments, and steady-
state analysis have been described. Furthermore, the proposed converter has two voltage
gains for the first and second outputs. To ensure that the proposed converter works properly,
it was compared to several different topologies. According to the comparative results, the
proposed converter has a greater output voltage, fewer components, and minimal power
dissipation. To that objective, a simulation and laboratory prototype was built for testing
purposes, and experimental findings have been presented.
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