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Development of multiple input
supply based modified SEPIC
DC-DC converter for efficient
management of DC microgrid

B. Nagi Reddy?, Faisal Alsaif?*, Ch. Rami Reddy? & Sunkara Sunil Kumar***

The development of DC microgrids is reliant on multi-input converters, which offer several
advantages, including enhanced DC power generation and consumption efficiency, simplified quality,
and stability. This paper describes the development of a multiple input supply based modified SEPIC
DC-DC Converter for efficient management of DC microgrid that is powered by two DC sources. Here
Multi-Input SEPIC converter offers both versatility in handling output voltage ranges and efficiency

in power flow, even under challenging operating conditions like lower duty cycle values. These
features contribute to the converter’s effectiveness in managing power within a DC microgrid. In this
configuration, the DC sources can supply energy to the load together or separately, depending on

how the power switches operate. The detailed working states with equivalent circuit diagrams and
theoretical waveforms, under steady-state conditions, are shown along with the current direction
equations. This paper also demonstrates the typical analysis of large-signal, small-signal, steady-state
modeling techniques and detailed design equations. The proposed configuration is validated through
the conceptual examination using theoretical and comprehensive MATLAB simulation results.
Detailed performance analysis has been done for different cases with various duty ratios. Finally, to
show the competitiveness, the multi-input SEPIC topology is compared with similar recent converters.
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To fulfill the demands of energy caused by the rising human population, the energy resources from renewable
and non-renewable are being overused'. Sustainable resources cannot fulfill the demand, which take more time
to form and deplete rapidly by decreasing usage’. The only way to extract energy is from renewable energy
resources, which present in plenty of amounts and do not deplete as well’. The best renewable resource is solar
energy, which only comes from a DC source. We need to implement it with a better power electronic converter
by transferring energy to the load side where the demands can be fulfilled as well*®. Compared to AC energy,
DC has more advantages for more applications, and its usage has increased’. The best power electronic converter
to transfer energy from source to load is the single-ended primary inductor converter (SEPIC), which has many
advantages and is considered the best converter compared to traditional converters®.

The primary aspect of implementing SEPIC converter is the we need to have a storage system as a second
source in the SEPIC converter, the best way to store DC energy is by Battery over fuel and other different stor-
age systems. Electric batteries are becoming increasingly important for storing energy from renewable sources,
such as solar and wind power’. Renewable energy sources are intermittent, meaning they do not always produce
electricity'”. Electric batteries can also be used to provide backup power in case of a power outage. The stored
or generated energy can be given to a separate load or to a DC micro grid where it can be further supplied to
different stations as well''. Integrating to a DC micro grid can be implemented in a usage able way, where the
generated can be in a bulk amount and supplied in a bulk amount as well. DC microgrids present numerous
advantages upon close examination and comparison with AC microgrids'?. Firstly, they offer higher efficiency
and lower losses by eliminating the need for multiple converters in a system. Second, they enable the smooth
integration of diverse DC power sources, such as energy storage systems, DC source 1 and DC source 2, into a
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unified DC bus. This simplifies the overall system design and interface requirements". Thirdly, they enhance the
efficiency of supplying power for various devices, from electric vehicles on the road to the LED lights illuminat-
ing our homes and businesses'*. One of the key benefits of DC microgrids is that they do away with the need to
synchronize generators. This allows them to operate at their most efficient speeds, maximizing power output.

Additionally, DC systems eliminate the complexity of synchronizing buses when connecting multiple micro-
grids. These advantages and the growing prevalence of DC-powered devices like computers, laptops, LED lights,
and data centres make DC microgrids a compelling solution for future energy demands!®. As AC systems may
not be readily available in all locations, DC microgrids offer a versatile and adaptable alternative.

A SEPIC converter is a versatile DC-DC configuration that can adjust its output voltage to be higher, lower,
or even equal to the input voltage. This control is achieved by electronically adjusting a switch within the circuit.
The SEPIC’s design is essentially a boost configuration combined with a buck-boost configuration operating
in reverse'®2. This unique combination gives SEPIC converters a key advantage over traditional buck-boost
converters: The input and output voltages are kept in phase. In addition, the SEPIC responds to a short-circuit
output with greater grace since it uses a series capacitor to move energy from the input to the output®’~**. Another
advantage of SEPIC converters is their ability to shut down completely. When the switch is turned off entirely,
the output voltage drops to zero, although a temporary surge of energy may be released during this process*2.
This complete shutdown capability makes SEPICs well-suited for situations where battery voltage fluctuates
significantly®>-3%. For example, a lithium-ion battery’s voltage typically drops from 4.2 to 3 V as it discharges. If a
device requires a steady 3.3 V, a SEPIC converter can efficiently maintain that voltage level even with a fluctuat-
ing battery supply.

But building on the research, this paper introduces a novel of DC-DC SEPIC converter where it is suitable
for DC Power micro grids applications***. It can also be used for DC standalone applications where it can be
reliable. As mentioned earlier, the DC energy is more advantageous than AC energy compared to the daily and
important power applications*'~**. The reason to introduce the SEPIC converter among the traditional converter
is that it produces a wide range of input and output at the lower value of duty cycles, here electrical stress across
electrical switches is less and the power loss is also less by, which there is an increase in efficiency (above 95%).

The main contribution of this paper is as follows.

e Introduction of a Highly efficient SEPIC (Single-Ended Primary Inductor Converter) configuration for power
management in DC microgrids.

® Performance evaluation based on the (R-H) criteria, considering both small signal and large signal modeling
to account for linear and non-linear devices.

e Through assessment of Multi-Input SEPIC configuration efficiency through simulation results.

® Detailed analysis of waveforms associated with switches and energy storing elements in the system.

e Contribution enhances understanding of system behavior, stability, and efficiency, providing valuable insights
for real-world applications.

The paper is meticulously organized as follows. Section “Literature survey” provides an insightful overview of
various converters integrated with the Single-Ended Primary Inductor Configuration (SEPIC), setting the stage
for the proposed system. Section “Methodology” elucidates the different modes of operation within the SEPIC
configuration, deriving them through state space modeling. Moving to Section “Analysis & design”, a compre-
hensive analysis of SEPIC is presented, incorporating average large signal modelling, small signal modeling,
(R-H) criteria assessment, steady-state modelling, and the design intricacies of key components like capacitors
and inductors. This section also encompasses efficiency and voltage stress calculations. Section “Results” details
the results obtained from simulations conducted on diverse circuits, evaluating the proposed converter’s per-
formance across different cases. Furthermore, it discusses the comparative analysis of the proposed topology
with existing configurations. Section “Conclusion” succinctly concludes the paper, summarizing key findings
and contributions, and providing closure to the proposed configuration’s exploration.

Literature survey

At present, the energy that can be generated by renewable is more when compared non- non-renewable energy
resources in terms of the fuel that may be extinguished in the future'®. The most efficient way to store energy is
to store it in a battery using a solar PV array system?’. Other DC storage systems cannot be used in these cir-
cumstances, where they are more disadvantages than DC batteries. The foremost disadvantage of using a fuel cell
is the presence of hydrogen, the cost of hydrogen element is higher when compared to the total cost taken to a
battery manufacture. Now, to supply DC voltage, which is stored by solar PV system we need an efficient DC-DC
converter, which can perform the Boost and Buck operation as well, the further the DC voltage can be given DC
microgrid application. From this paper, there are many DC-DC converters in the Power Electronics Concept,
like Buck, Boost, Buck-Boost, Cuk, Fly-back, SEPIC and Zeta converters, etc. At our foremost need the input
to the converter should be a DC supply and a DC power Storage system?. These terms and conditions can only
be satisfied by the SEPIC converter. Where when compared to other converters will not fulfill the demands and
there will more losses for different converters if won't choose SEPIC (Single Ended Primary Inductor Converter)
and efficiency will a significant factor in determining such a converter.

Now, when Boost converter is compared with the SEPIC the output voltage can only be increased and the
output cannot be bucked further as the paper states that the output voltage can be given to DC power micro grid
application, where the applications can be of less voltage and more voltages, Where Buck and Boost of output
voltage is also required. Where in SEPIC converter, the Buck and Boost of the output voltage can be done*.
The boost converter cannot be used as energy storage system as well. Now when Buck-boost converter is used
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here the output voltage can be increased or decreased as well but the main disadvantage is that the input voltage
should be given with a specific limit and the circuit complexity would be increased as well. There no inductor at
the primary where the current cannot be in continuous mode, here also the storage system can be implemented
further?. The Buck-Boost converters main drawback is that its larger and heavier than traditional one. In Flyback
converter, the input can also be varied, but the drawback is that its cost is more. In terms of the construction also
the two different converters topologies, the flyback converter and the boost converter by which the additional
components and wiring?.

In order to decrease those, dis-advantages we can implement the SEPIC converter where the cost can be less
when compared to flyback converter. The 5th order converter is ZETA converter where the input can be varied
and the output voltage as well. By implementing this converter instead of the SEPIC, the output side capacitor by
which the output ripples can be removed, even though the input side capacitor is not present, where the current
will not be continuous®'. But the continuous current is required based on the applications of DC power micro-
grids. This drawback can be rectified by SEPIC converter only the remaining converter cannot be used where
the inductor is not at the input side. When the other converter is to be compared with the SEPIC converter, this
comes first in terms of the DC power micro grids applications, where the remaining converter’s drawback can
be rectified as well. To overcome by the individual drawbacks, the we can implement the combination as well?*.

In co-ordination with the buck-boost and Cuk where the converters have same topologies of working where
in combined, they can work in more efficient way. The output can be of same when compared SEPIC and the
combination of Buck-Boost & Cuk converter®. However, the issue is the increase of complexity, where the com-
plexity can be reduced and the desired output can be acquired as well. Further the SEPIC topology technique can
be implemented by Buck and Buck-Boost converter as well, where the multiple DC voltages can be connected
to the DC micro grid bus. But the main intention is not regarding the input DC but the output desired voltage,
which can be supplied further to plenty of DC power applications®.

But when we try to implement it, the cost will be more expensive compared to implementing single SEPIC
alone. Not to mention that the complexity will also be increased, which will decrease usage. Now, in urban days,
people try to use more energy at day time and low energy at nighttime, to fulfil it we must have control of input
and output as well. Now this can be achieved by hybrid DC-DC converter based on buck-boost and ZETA con-
verters for DC microgrids with grid connection®'. But the drawback is that its efficiency is less when compared
to the traditional DC-DC converter. As efficiency is the main parameter to determine its performances.

Methodology

The traditional single-input DC-DC configuration and the newly proposed converter function similarly in terms
of their basic operating principles. In each mode of operation, both configurations involve the inductor (L) and
capacitor (C) components storing energy for a specific duration and then releasing that energy to the load. The
proposed converter, depicted in Fig. 1, operates in four different states (stages 1-4), each corresponding to an
equivalent network (Figs. 2, 3, 4, 5). The ideal waveforms for the suggested DC source 1 and 2 under Continuous
Conduction Mode (CCM) are illustrated in Fig. 1. In Fig. 1, v, and v;, represent the DC source 1 and 2’s large-
signal terminal voltages, respectively. M; to My are the four MOSFET switches, Diode a and Diode b are two
diodes, L, and Ly are the inductors, C, and Cy, are the capacitors, and R is the load resistance.

Via and V7, indicate the large-signal voltages across L, and Ly, respectively, while Iy, and Iy, represent the
large-signal currents flowing through L, and Ly,. Similarly, I, and Iy, denote the large-signal currents through
C, and Gy, and Vj is the large-signal voltage across R. The gating pulses for switches M, to My are VGM; to
VGM.y, respectively. Vg and Vi, are the large-signal voltages across C; and Cp, and the large-signal current
flowing through R is Iy.Vy is the steady-state voltage across R, and Iy = V/R is the corresponding steady-state
current. It's important to note that while the designed converter can operate with various input combinations,
it is a theoretical model and does not address the practical challenges associated with integrating DC source 1
and DC source 2 systems into the grid. The different states of the Proposed converter, where the Table 1 gives

DC Source 1 s L, C, D,
O nmn | NI
+ Vi - I
- v, +
D, E _@.). Vi §Lh T A
+ D
M,
5 DC Source 2
- Vp -
Figure 1. Multi-Input DC-DC configuration using SEPIC topology.
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Figure 2. Operation of state-1 of the proposed converter.
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Figure 3. Operation of state-2 of the proposed configuration.
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Figure 4. Operation of state-3 of the proposed converter.
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Figure 5. Operation of state-4 of the proposed configuration.

States Source Switches on Switches off Charging Discharging Current flow

STATE-1 DC source 1 (V) My, My M;, M3, D,4, Dy Ly Ly CoCp LOOP2—¢; — Ly > My — ¢,

LOOP1—V} — My — L, > My — V;

LOOP3—¢, — Vo — ¢,

STATE -2 DC source 2 (V}) M, My My, M3, Dy, Dy LaLy Ca> Cp LOOP 2—c¢; — L > My — ¢}

LOOP 1V} — L, — My — My — V-

LOOP 37C§— - Vo — ¢,

DC source 1 and DC

STATE -3 source 2 (V, + V3)

LOOP

17V+—>M3—> Vp > Lg—> My >V,
LOOP 2—¢ — Ly > My — ¢

LOOP 3—c, — Vo — ¢

M3, My My, M, Do, Dy Lo Ly Ca> Cp

STATE -4 No source active Dy, Dy My, My, M3, My Cu, Cp Lo Ly

LOOP
1—L+4>C,IA>D;,4>V0%D“»L*
LOOP 2—L, — Dy — Cp — L

Table 1. Different states of the proposed configuration.

the information regarding the elements which would charge or discharge, current direction which source acting
as main input to the converter.

States of operations
The suggested converter’s precise functioning, the corresponding state-space model, and dynamic equations in
each operating state are discussed in Sections “Introduction” to Analysis & design.

State-1

In State-1, the switches M7 and My are in the ON condition and M;, M3 Diode a and Diode b are inactive. Dur-
ing the operating phase from 0 to t;, equivalent to (81)¢, as illustrated in Fig. 6, the converter exhibits specific
characteristics. The equivalent circuit for this particular state of operation is presented in Fig. 2. In this interval,
the inductors L, and L, undergo a charging process, and the inductor currents i, and iy; have slopes that are
determined by § 7~ and Vfg, respectively. The inductor current i;, and iy, theirmaximumvaluesir, max and iy, max.
The energy stored in the capacitor (Cp) is discharging along load resistance by having the slope of the voltage v

—itp

is z¢2. The capacitors C, starts discharging and helps Ly, the slopes of the capacitor voltages v¢g is ~a2t.
Applying KVL and KCL to the circuit shown in Fig. 2, the equations presented in (1) to (5) can be derived.
Via = Vg (l)
VLb = Vea (2)
iCa = _iLb (3)
icy = —i (4)
Vo = vy = —ioR = —icpR (5)

The dynamic equations of State-1 is given below:

Scientific Reports |

(2024) 14:11066 |

https://doi.org/10.1038/s41598-024-61713-z nature portfolio



www.nature.com/scientificreports/

A
d; d;
Vast J
d, d
Vesa >t
ds; ds
Vess | 1
(1-di-d>-d3) (1-di-d>-ds)
Vess | »t
Vi
Vi | !
V)
A "
iLJiIMDI
VAL Vi+vy/ Ly
- Vayla T Vo+venla
i I Imin
11 5 t
ili’max
Ii2171i71
2 z
VCimex —ilg/C1 j‘u/C’j
VC] L VCimin t
VComax
VComin
Vo=Vc#t t
Vo/R
Iip 1
M, t M, t M;s ts t My ts M; ts M;3
Figure 6. Theoretical waveforms of the proposed converter.
di
e = foonn
di ve
& =15 it
dvg, _ iLb (6)
a = ¢ (61t)
dVCb v
a = r& 01

The suggested system exhibits a fourth-order configuration, and the state-space model can be formulated
by employing the dynamic equations corresponding to State-1 are shown in Egs. (7) and (8). with the inductor
currents. ir, and ir, and capacitor voltages vc, and vy, as the state variables.
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diLa
dt 00 0 0 7p; 0L
_ b Lb + 00 Va (7)
dg | |0—2 0 0 VCa 00 ||
dt @ 1
0 0 0 —p= | Lvow 00
m RCy 4
dt
-IzLa
b
Vo=[0001] Ve, +0 (8)
L VCb

State-2
In State-2, the switches M, and My are in the ON condition and M;, M3 Diode a and Diode b are inactive. Dur-
ing the operating phase from ¢ to t;, which is equivalent to (8,)¢, as illustrated in Fig. 6. the converter exhibits
specific characteristics. The equivalent circuit for this particular state of operation is presented in Fig. 3. In this
interval, the inductors L, and L; undergo a charging process, and the inductor currents iz, and irj, have slopes
that are determined by % and "L‘—Z, respectively. The inductor current i, and i ptheirmaximumvaluesiz, max and
irp max. The energy stored in the capacitor (Cp) is discharging along load resistance by having the slope of the
voltage vcy is &g The capacitors C, starts discharging and helps Ly, the slopes of the capacitor voltages vc, is .
Applying KVL and KCL to the circuit shown in Fig. 3, the equations presented in (9) to (13) can be derived.

Vig = Vp 9

VIb = Vea (10)

iCa = —iLb (11)

icy = —ig (12)

Vo = Vep = —igR = —icpR (13)

The dynamic equations of State-2 are given below:

.
e = (6t

dt
di A
e = 25,0
i =g
dVC 0
i = e, (%20)
dira
a 00 0 0 7r; 0L
dig), o o L 0 'La La
a | _ L, ih |, |00 || (15)
dveg | O—Ci 0 0 VCa 00 Vp
dt “ 1
0 0 0 —%= Ve 00
dvep RCp -
ar
-l:La
irp
Vo=1[0001] ver | 0 (16)
L VCb

The suggested system exhibits a fourth-order configuration, and the state-space model can be formulated by
employing the dynamic equations corresponding to State-2 are shown in Egs. (15) and (16). with the inductor
currents i, and ig, and capacitor voltages vc, and vy, as the state variables.

State 3

In State-3, switches M3 and M, are in the ON condition while M;, M>, Diode a, and Diode b are in the Inactive
condition. During the operating phase from #, to t3, equivalent to (83)¢, as shown in Fig. 6. the converter exhibits
specific characteristics. The equivalent circuit for this particular state of operation is presented in Fig. 4. The

inductors L, and L;, initiate the charging process, with the inductor currents i, and ij have slopes that are %
and VL%, respectively. The inductor current ir, and iy reachtheirmaximumvaluesdenotedasir, max and iy, max.

Simultaneously, the energy stored in capacitor Cp, begins to discharge through the load resistance R, capacitor
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voltage vcy, have slope that given by 2. Additionally, capacitors C, undergoes discharge, assisting Ly, with the
slopes of the capacitor voltages vc, determined by —£.

Applying KVL and KCL to the circuit shown in Fig. 4, the equations presented in (17) to (21) can be derived.

Via = Va + Vb (17)

VLb = Vea (18)

ica = —irp (19)

icy = —ig (20)

Vo = v = —igR = —icyR 1)

The dynamic equations of State-3 are given below:

d. a a+
=T (8st)

di vu
=163

dve, ir,
= T 6a0)

dVCb
ar = Rcb (831)

The suggested system exhibits a fourth-order configuration, and the state-space model can be formulated by
employing the dynamic equations corresponding to State-3 are shown in Eqgs. (23) and (24). with the inductor
currents i, and iz, and capacitor voltages vc, and vy, as the state variables.

dilg
d‘” 00 0 0 i 11
digp 1 ,a Lo Lg
a | _ |00 g0 iy | [0 0 v (23)
de | |0-F 0 0 VCa 0 0 [|w
dt “ 1
0 0 0 — | Lvow 0 0
dVCb Rcb
a
{La
1Lb
vo=1[0001] ver | 1O (24)
veb

State-4
In State—4, Diode a and Diode b are in the ON condition, while M;, M;, M3, and M, are in the Inactive condition.
During the operating phase from f3 to t4, equivalent to (1 — 81 — 8, — 83)t, as illustrated in Fig. 6. the converter
exhibits specific characteristics. The equivalent circuit for this particular state of operation is presented in Fig. 5.
In this interval, the inductors L, and Lb initiate the discharging process, with the slopes of the inductor currents
irqg and ip, determined by M and — respectively i, reaches its minimum value i;, min from its maximum
value i;, max. while iy, reaches its minimum value 77 min from its maximum value i;, max. Simultaneously,
capacitors C, and Cp begin to charge with the assistance of L, and L, with the slopes of the capacitor voltages
veaand vep given by 22 and e + 1k — M- respectively.

Applying KVL and KCL to the circuit sflown in Fig. 5, the equations presented in (25) to (28) can be derived.

Vig = —VCa+ —Veb (25)
Vb = —Vap (26)

iLa = iCa (27)

irp = io +icy — iLa (28)

The dynamic equations of State-4 are given below:
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i —Vea—Ve

d{;’;“ = Ta b(l — 41 —82—83)t
di v
Lf}b = _TCZ: (1 =687 =68, —d3)t

(29)

d i
= (1= 8 — 8 — 8t

dve, i iy, v,
@ = T " rGU—8i =88t

The suggested system exhibits a fourth-order configuration, and the state-space model can be formulated by
employing the dynamic equations corresponding to State-4 are shown in Eqgs. (30) and (31). with the inductor
currents i, and irj and capacitor voltages vc, and vy, as the state variables.

diLa
drt 1 1
i 00 =50 ~L | TiL 00
alLp 0 0 0 1 .
dt _ I irp n 00 Va (30)
dvea &0 0 o0 VCa 00| |w
dt 1 o L |Llve 00
dvgy G Cp RC),
a
1:La
1
vo=[0001] M| +0 (31)
a
VCh

Analysis and design

Average large signal model

There is a non-linear circuit design in the reccommended configuration. The typical large-signal modeling method
considers non-linearities and the impact of the real voltages in the circuit. As a result, the results obtained closely
agree with the physical circuit’s behaviour. The State-space illustration is a mathematical model that describes
the dynamic behaviour of the system is as follows

x = Ax + Bu

y =Cx+ Du

A, B, C, and D are matrices representing the system dynamics, input-output relation, output observation,
and feedforward components, respectively.
From Egs. (7), (8), (15), (16), (23), (24), (29) and (30)

t
1 1 .
AN
Tdt 5 00 0 —g irp
= 1 1482483+ | | Ib | (1—81—682—283)
dves 0-% O 01 Z0 0 0 Ve
& 0 0 0 —pg & & 0 G vep
vy
dt
=3 10+ 82) Lia(510+ 52)
Va
+ 0 0 Vb
0 0
(32)
iLa
i
vo=[0001] VLC‘; +0 (33)
VCb

By comparing above Equations with general state-space representation as depicted in matrices A, B, and C
the computations for matrices A, B, and C follow Egs. (34) to (36), whereas matrix D remains a zero matrix.

00 0 0 00 -4 -4
00 L o 00 0 —+4
A=l 1y o @124+ | | 0o o o |a-d1—82-283) (34)
Ca Ca
1 i1 1
00 0 —%w @ O “re
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= 1O+ 82) Lf;(510+ 82)

0 0
0 0

C=[0001] (36)

Small signal model
Small-signal models are very useful for analysing the behaviour of electronic circuits. They allow us to use linear
circuit analysis techniques to analyse circuits containing nonlinear devices. This makes it much easier to design
and analyse electronic circuits.
The small-signal model is then created by replacing the nonlinear device with its linearized equivalent circuit.
This equivalent circuit typically consists of linear elements, such as resistors, capacitors, and voltage sources.
To analyse how this circuit responds to small changes, we can create a simplified model. This simplified model
introduces small adjustments to the original circuit’s control settings, internal conditions, and external inputs.
Normally, these variables consist of a constant value (DC component) and a tiny variation around that value.
By focusing on these small variations, we can analyse how the circuit behaves near its normal operating point

Va=Va+7,
vp =V +7

Vea = Vea + Vea
veb = Vb +/ch

iLa = ILa +/i\La (37)
itp = Iy +irp

S =di+0

Sy =dr+ 5

83 =ds+ 83

where V,; and V}, stand for the DC source 1 and DC source 2’s respective steady-state (DC element) voltages.
Respectively. Additionally, the small-signal duty cycles of States 1 through 3 are represented by §; to §3.V¢, and
Vep denote the steady-state voltages across C, and Cp, respectively. Similarly, Ir, and I1, represent the steady-state
current flowing through L, and L;. Additionally, d; to d3 correspond to the steady-state duty cycle of State-1 to
State-3. Furthermore, i, and ip; are the small-signal current flowing through L, and Ly, while the small-signal
(perturbation component) voltages of the DC source 1 and DC source 2 are represented by ¥, and ¥, Lastly, v,
and vV, denote the small-signal voltages across C, and Cy, ,respectively.
General state-space representation

,'\:2/\ E,\
{x Ax—}— u (38)

5 =Cx+Du

Introducing perturbations into Eqs. (34)-(36), the resultant state-space illustration is expressed by the fol-
lowing Egs. (39) and (40)

)

dif, —~
dt’ 00 0 0 o0 -~ % i
4 00 £ 0 00 0 —L o~
| = 1 dl+d2+d3)+ | Lb | (1—dl—d2—d3)| | L
dvca 0 ~Ca 0 0 Ca 0 0 0 VCa
dJL 0 0 0 1 11 9 __L VCh
;Cb RCb Cb Cb RCb
t
Veca+Vcb+Va Vea+Veb+Vb Vea+Veb+Vb+Va dl+d3 d2+d3 N
La La La La La 1
Vea+Vcb Vea+Vcb Vea+Vcb s
+ + Lb Lb Lb 0 0 (SAZ
Ia+Ip Ta+Ip Iatlpp 0 0 9\3
Ca Ca Ca Va
Ia+ILp Ta+1Inp Ia+11p 0 0 Vb
Ca Ca Ca
(39)
ita
Vo=[0001]| 1| +0 (40)
Vu
VCb

By comparing Equation general state-space illustration as shown in Eq. (38) with the Egs. (39) and (40).
The state vector matrix X represents the small-signal model, the system matrix A, the first derivative of the
small-signal state vector matrix X, the input matrix B, the output matrix C and the feedforward matrix D, The
input vector matrix for the small-signal model is denoted as 4, and the output vector matrix is represented by ¥
respectively, The characteristic equation is
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S)*+(9)° [#] +(5)2

st b |d
$ |a c|o
s2 ab—c d 0
a
st abe—c’—a*d |0 |0
ab—c
0 |d 0 |0

Table 2. R-H stability criterion.

‘SI - X( =0 (1)
the 4 x 4 identity matrix, designated as I, and the Laplace transform variable S.

Compare Eq. (39) with the equation below:

@dl4+d2+d3)? (1 —-dl—d2—d3)? (1—dl—d2—d3)? ++(1—d1—d2—d3)2
(CaLp) (CpLyp) (CaLya) (CaLa)

(RCp)

(Ca CbLaLh)

(d1 + d2 + d3)? (1—d1—d2—d3)2} (1—dl—d2—d3)?*

(RC,CpLyp) (RC,CpLy)
(42)

'+ (9’a+ ()’ +Sc+d =0 (43)

The Routh-Hurwitz stability criterion (RHSC) offers a method to determine the stability of a linear system
without directly calculating its poles. Instead, RHSC relies on the coefficients of the characteristic equation. Given
that the system under consideration is of fourth order, employing the R-H stability criterion proves advantageous

over a pole-zero plot. This strategy circumvents the challenge of dealing with zeros and poles in higher-order sys-
tems. Below is the R-H stability criterion Table. 2 illustrating the stability analysis for the proposed configuration.

Stability validation

Stability verification is accomplished by examining the parameters in Table. 4 and solving for the coeflicients in
Characteristic Eq. (42). This calculation yields the coefficients of the characteristic equation, allowing us to assess
the system’s stability. The below is shown that characteristics equation of the proposed system.

($)* + (8)619.175 + (8)213, 346, 680 + (S)54, 232, 122, 135 + 16,700, 050, 066, 750 = 0 (44)

R-H stability criterion.

st |1 13,346, 680 16,700, 050, 066, 750
$3 | 619 54,232,122,135 0
$2 | 4,585,432 16,700, 050, 066,750 | 0
s' | 3,168,826,726 0 0
$° | 16,700,050,066,750 0

Steady-state modelling
Steady-state modelling of DC source 1 (v,) and DC source 2 (vp,) hybrid system can be used to design the system
parameters to achieve the desired output voltage and current, even under varying operating conditions. Consider
that V; and V}, are the steady-state DC source 1 and DC source 2 voltages, respectively. Vi, and Vj, are the volt-
age across in steady state L, and Ly, respectively, and IL, and IL;, are the current flowing in steady-state through
L, and Ly, respectively. Vc, and Vi, are the voltage across in steady state C, and Cp, respectively, and IC, and
ICy are the current flowing in steady-state through C, and Cy, respectively. ID, and IDj, are the current flowing
in steady-state through diodes Diode a and Diode b. I, and Ij, are the current flowing in steady-state from the
source DC source 1 and DC source 2, respectively.

From Egs. (1)-(5), (10)-(13), (17)-(21) and (24)-(27),

Volt-Sec balance equation at La,

Vadi T 4+ Vyda T+ (Vo + Vi) d3 T + (=Vea — Vo)(1 —dy —dy —d3)T =0 (45)
By simplifying the above equation
Va(dy +d3) + Vi(da +d3) — Ve, (1 —dy —dy —d3) — Vo(1 —dy —dy —d3) =0 (46)

Volt-Sec balance equation at Lb,
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Veadi T + Veady T+ VeadsT — Vo(l —dy —dy — d3)T =0 (47)
By simplifying the above equation
1—dy—dy—d;

Veg = Vo(——M8M8 3 ——— 48
Ca O( d1+d2+d3) ()

Substitute Eq. (48) in Eq. (45) to determine the output voltage expression given by Eq. (49).

di+d,+d
Vo= — 2 (Va(dy + ds) + Va(da + d3) (49)
1—dy—d,—ds

Amp-Sec balance equation at Ca,
—Ipdi T — Iy dy T — Inpd3T 4 Ipa(1 — dy —dy — d3)T =0 (50)
By simplifying the above equation
=y +dp +d3) +1.(1—dy —dp —d3) =0 (51)
Amp-Sec balance equation at C2,
—Iody T — Idy T — IodsT + (Ina + Irp — Io)(1 — dy —dy — d3)T = 0 (52)
By simplifying the above equation,
A-—di—dy—d3)+La(l-di—dy—d3) =1Io (53)
By solving Egs. (51) and (53),

Vo
Iy =1 = R (54)

Vo di+dr+ds

Ri-d—-d—d; (55)

I, =

Designing capacitors and inductors
The precise choice of capacitors and inductors is pivotal in shaping the system’s performance, facilitating its
operation in the specified conduction mode. The careful selection of these components allows for fine-tuning
the system’s characteristics, ensuring optimal functionality and adherence to the desired operational mode. This
deliberate approach to capacitor and inductor selection significantly influences the overall performance and
efficiency of the configuration.

The value of La is provided by Eq. (56).

L= (Va(dy + d3) + Vp(dy + d3)T

a AL (56)
The change in I1,4, denoted as Aly,, can be expressed as given in Eq. (57).
Alrg = Itamax — Iamin (57)
The value of L is provided by Equation (58)
Ly = Vo(1 — dlA;sz —d3)T (58)
The change in I1;, denoted as Ay, can be expressed as given in Eq. (59).
Alry = Itbmax — ILbmin (59)
The value of Ca is provided by Equation (60)
c, = VO(dl;Ad;C—: d3)T (60)
The change in V,, denoted as AV, can be expressed as given in Eq. (61).
AVeca = Veamax — Veamin (61)
The value of Cy, is given by Equation (62)
Cy = Vo(dy +dp +d3)T 62)

RAV,

The change in V¢, denoted as AV, can be expressed as given in Eq. (61).
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Cases DC sourcel (v,) | DCsource2 (vy) | Action Output voltage (vo)

i 1 0 a single DC source 1 handling the load ‘;'_(‘;Z)(d] =1)
ii 0 1 DC source 2 handling the load Vl%‘;i)(dz =1)
iii 1 1 DC source 1 and DC source 2 handling the load the load %(@ =1)

Table 3. Operating cases of the proposed configuration.

Comp t | Paramet Specification
Va, Vi Input voltage 12V,24V

Vo Output voltage 108 V

P, Output power 100W

f Switching frequency | 50,000 Hz

R, Load resistor (R) 29.1Q

dy, drds Duty ratio 0.25

ds Duty ratio 0.75

Lo, Ly Inductor 0.9 mH, 1.35 mH
Cas Cp Capacitors 55.5 uF, 55.5 uF

Table 4. Simulation parameter values.

AVey = Vebmax — Vcomin

Efficiency and voltage stress calculations
Voltage stress calculations

The selection of electrical switches and diodes requires meticulous attention to voltage stress, a critical factor
in ensuring optimal performance. The determination of voltage stresses is essential, particularly when a power
electronic switch is in the off state. In this scenario, voltage stress is equivalent to the maximum magnitude of

voltage across the switch.
The voltage stress of S;(Vys,) is given below.

Vymr = max(0,V, — Vi, =V, Vo) =V,
The voltage stress of S,(Vys,) is given below.
Vvma = max(Vy, — V4,0, =V, Vi) =V
The voltage stress of S;(Vys;) is given below.
Vvas = max(Vy, Vi, 0,V + Vi) =V, + V)

The voltage stress of Sy(Vys,) is given below

1
Vvms = max(0,0,0,— Vi) = Vg =Veu + Vo = ——————
1—d —dy —

The voltage stress of Diodel(Vygp,) is given below.
Vvmpa = max(—=Va, =V, —=(Va + Vp),0) = V, + V,

The voltage stress of Diode2(Vysgp,) is given below.

Vvmpy = max(—=Vi, — Vo, =V — Vo, = Vi — Vo,0) = Vi + Vo = Ve + Vo

Efficiency calculations

(64)

(65)

(66)

A (Va(di + d3) + Vi(d2 + d3))  (67)

(68)

(69)

Efficiency is the ability to achieve a desired output with the least amount of input. Efficiency is important for
several reasons. It can help to reduce costs, save time, and improve productivity. Therefore, the efficiency of the

converter is

Pout

%Efficiency = * 100

m

(70)
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powergui

Cases Input voltage (V) | Output voltage (V)
DC source 1 12 36

DC source 2 24 72

DC source 1 and DC source 2 36 108

Table 5. Theoretical calculations for three different cases.
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Figure 8. Simulated output voltage waveform.

Possible operating scenarios

The suggested configuration offers versatility by supporting operation in three distinct modes, each character-
ized by its unique output voltage equations, as outlined in Table 3. where D, represents the duty ratio associated
with switch My, and, respectively, D1, D,, and Ds are the duty ratios of switches M1, M, and M3, respectively.

Results

The resulting waveforms presented here serve as empirical evidence supporting our assertion of high gain and
efficiency. This dynamic modelling approach enhances our understanding of the converter’s operation, reinforc-
ing our claim of superior performance across diverse scenarios. The projected converter is designed for an output
power of 100 W, with an output voltage of 54 V. With input voltages of 12 V and 24 V, they can be produced at
a duty ratio of 25%. The load resistance is calculated using the basic formula as 29.1 Q. To reduce the converter
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Figure 9. Simulated output current waveform.

*E—L

Pin

=

efficiency

2347

Figure 10. Simulink diagram for case-2.

|

LJ—

S
T

Output Voltage
=

N~
<

0 | | |
0 0.02 0.04 0.06 0.08 0.1

Time(s)

Figure 11. Simulated output voltage waveform.
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Figure 12. Simulated output current waveform.
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Figure 13. Simulink diagram for case-3.

size, it is advisable to take higher switching frequencies (f;), however, for the proposed simulation and design
50 kHz includes Two inductors and Two capacitors. With the considerable current and voltage ripples on the
inductors and capacitors, respectively. The energy component values are calculated and are observed in Table 4.

Theoretical calculations
We explore the theoretical calculations for the proposed converter, examining three distinct cases. For each case,
the theoretical framework is summarized in the Table 5.

Simulation circuit for different cases
Case-1
In this case, the DC source 1 acts as the primary source, providing an input voltage of 12 V and yielding an output
voltage of 36 V. Switches M and M, are both in the ON state, with a duty ratio of 0.25 for M; and 0.75 for M.
The Simulink diagram for Case-1 is depicted in Fig. 7.

While Figs. 8 and 9 depicts the corresponding output voltage and output current waveforms. From the wave-
forms, the rise time can be determined as 0.002 s and the settling time is 0.014 s.
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Figure 14. Simulated output voltage waveform.
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Figure 15. Simulated output current waveform.

Cases Vin | LIin 125 Vo Iy Py Efficiency (%) | Ripple factor
Case-1 12 3.447 | 4136 | 33.6 |1.163 39.46 | 95.39 0.91
Case-2 24 6.973 | 167.4 68.61 | 2.353 | 161.4 |96.47 0.88
Case-3 36 10.52 | 378.7 |103.3 |3.542 | 3658 |96.6 0.86

Table 6. Practical calculations for three different cases.

Case-2
In this case, the DC source 1 acts as the primary source, providing an input voltage of 24 V and yielding an output
voltage of 72 V. Switches M, and My are both in the ON state, with a duty ratio of 0.25 for M, and 0.75 for M.
The Fig. 10 displays the Simulink diagram for Case 2.

While Figs. 11 and 12 depicts the corresponding output voltage and output current waveform.

Case-3

In this case, the DC source 1 acts as the primary source, providing an input voltage of 36 V and yielding an
output voltage of 108 V. Switches M3 and M, are both in the ON state, with a duty ratio of 0.25 for M3 and 0.75
for M. The Fig. 13 displays the Simulink diagram for Case 3. While Figs. 14 and 15 depict the corresponding
output voltage and current waveform.

This Table 6 comprehensively compares the parameters of performance for each of the three instances, includ-
ing input voltage, input current, input power, output voltage, output current, output power, efficiency, and ripple
factor.

We have examined each of the three cases from the preceding discussion individually. The Simulink dia-
gram presented visually represents the proposed converter, which incorporates inductors, capacitors, diodes,
four switches with phase delay, and is powered by both DC source 1 and DC source 2. The Fig. 16 displays the
Simulink diagram for proposed converter.

Figure 17 represents the input DC voltage waveform and Fig. 18 represents the input current plotted using
MATLAB simulation. A 12 V & 24 V DC input voltage is considered when designing the proposed topology.
Similarly, it can be observed that the input current waveform is continuous.
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Figure 16. Simulink schematic for the proposed converter.

Figure 18 shows that the input current never reaches zero, indicating continuous current conduction from
the input. The observed current interval from 1 to 200.

The inductors L, & L;, are charged when the active switches are in ON state and they will discharge their
energy when the active switches are in OFF state. Figure 19 shows the simulated inductor (L) current wave-
forms and inductor voltage waveforms, respectively under steady-state operation. Figure 20 shows the simulated
inductor(b) current waveforms and inductor voltage waveforms under steady-state operation. The capacitor C,
and Cp, discharge the energy when the active switches are turned on, and charges when the switch is turned off.

The capacitor voltage waveforms can be observed in Figs. 23 and 24. The capacitor current waveforms can be
observed in Figs. 25 and 26.
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Figure 18. Simulated waveform of the input DC Current.
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Figure 20. Simulation Inductor voltage (Vi) & Inductor current (I;,,) waveforms.
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Figure 21. Simulation capacitor voltage (V,) & Capacitor current (Ic,) waveforms.

Under the steady state condition, the graph shows a stable output. Figure 19 shows the current from 10 to
12 during the time interval between 0.1664 and 0.1666, whereas the voltage from — 100 to 40 during the time
interval between 0.1664 and 0.1666. Under the steady state condition, the graph shows a stable output. Figure 20
shows the current from — 8 to — 2 during the time interval between 0.0667 and 0.0668, whereas the voltage is
from — 100 to 0 during the time interval between 0.0667 and 0.0668.

Under the steady state condition, the graph shows a stable output. Figure 21 shows the capacitor (C,) voltage
from 20 to 45 during the time interval between 0.0606 and 0.0608, whereas the capacitor (C,) current from 0 to
25 during the time interval between 0.0606 and 0.0608.
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Figure 23. Simulation waveform of Gate pulse for Switch.

Under the steady state condition, the graph shows a stable output. Figure 22 shows the capacitor (Cp) voltage
from 0 to 150 during the time interval between 0.0845 and 0.0846, whereas the capacitor (Cp) current from 0 to
30 during the time interval between 0.0845 and 0.0846.

The Gate pulse of switches with phase delay is shown in Fig. 23. The switches are operated with a duty ratio of
25% and they are turned ON and OFF (altered for 50,000 times in a second) i.e., switching frequency is 50,000 Hz.

The voltage and current across the diodes are shown in Fig. 24. The diodes are operated with a duty ratio of
25% and they are turned ON and OFF (altered for 50,000 times in a second) i.e., switching frequency is 50,000 Hz.
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Duty cycle Vin | Lin Py Vo Iy Py Efficiency (%) | Ripple factor
0.1 12 | 3.456 |41.47 |33.94 |1.164 |39.49 |9523 1.03
0.15 12 3455 | 4146 |33.93 |1.163 |39.47 |9521 1.03
0.2 12 | 3.453 | 4144 |3392 |[1.163 |39.45 |95.21 0.94
0.25 12 | 3.453 |41.44 |3391 |1.163 |39.44 |95.18 0.91
0.3 12 3.453 |41.44 |3392 |1.163 |39.45 |95.19 0.91
0.35 12 | 3.453 | 4144 |3392 [1.163 |39.45 |95.19 091
0.4 12 | 3.444 | 4133 |33.83 |1.16 39.25 | 94.47 0.88
0.45 12 | 3.444 | 4133 |3383 |1.16 39.25 | 94.97 0.73
0.5 12 | 3.444 | 4133 |33.83 |1.16 39.25 | 94.97 0.91
0.55 12 | 345 41.41 |33.89 |1.162 |39.39 |95.12 0.83
0.6 12 | 3.444 |41.33 |33.83 |1.16 39.25 | 94.97 0.78
0.65 12 3.444 |41.33 |33.83 |1.16 39.25 |94.97 0.81
0.7 12 | 3.444 |41.33 |33.83 |1.16 39.25 |94.97 0.94
0.75 12 | 3.444 |41.33 |33.83 |1.16 39.25 | 94.97 1.06

Table 7. Simulated parameters for various duty ratios for case-1.

Dutycycle | Vi | L P, Vo Ip Py Efficiency (%) | Ripple factor
0.1 24 16992 |167.8 |68.65 |2.354 |161.6 |96.3 1.02
0.15 24 16989 |167.7 |68.62 |2.343 |161.5 |96.28 1.02
0.2 24 6.987 |167.7 | 68.6 2.353 | 161.4 |96.25 1.02
0.25 24 6986 |167.7 |68.6 2.352 | 1614 |96.25 0.8
0.3 24 16987 |167.7 |68.6 2.3 161.4 | 96.25 0.7
0.35 24 16987 |167.7 |68.6 2353 | 1614 |96.25 0.8
0.4 24 16968 |167.2 |68.43 |2.347 |160.6 |96.03 0.6
0.45 24 16968 |167.2 |68.43 |2.336 |160.6 |96.04 0.6
0.5 24 16968 |167.2 |68.43 |2.347 |160.6 |96.04 0.6
0.55 24 6.981 |167.5 |68.55 |2.351 |161.1 |96.18 0.6
0.6 24 16968 |167.2 |68.43 |2.347 |160.6 |96.04 0.6
0.65 24 16968 |167.2 |68.43 |2.347 |160.6 |96.04 0.6
0.7 24 | 6968 |167.2 |68.43 |2.347 |160.6 |96.04 0.6
0.75 24 16968 |167.2 |68.43 |2.347 |160.6 |96.04 0.6

Table 8. Simulated parameters for various duty ratios for case-2.

Dutycycle | Vi, |Iin B Vo Iy Py Efficiency (%) | Ripple factor
0.1 36 10.53 | 379 103.4 |3.544 |366.3 | 96.66 0.967
0.15 36 10.52 | 378.9 |103.3 |3.543 |366.1 |96.63 0.890
0.2 36 10.52 | 378.7 |103.3 |3.543 | 3659 |96.61 0.871
0.25 36 10.52 | 378.7 |103.3 |3.543 |365.8 |96.6 0.861
0.3 36 10.52 | 378.7 |103.3 |3.543 | 3659 |96.61 0.919
0.35 36 10.52 | 378.7 |103.3 |3.542 | 3659 |96.61 0.939
0.4 36 10.49 |377.7 | 103 3.533 |364.1 |96.39 0.920
0.45 36 10.49 |377.7 | 103 3.533 |364.1 |96.39 0.902
0.5 36 10.49 |377.7 | 103 3.534 |364.1 |96.39 0.873
0.55 36 10.51 | 3784 |103.2 |3.539 |3653 |96.54 0.968
0.6 36 10.49 |377.7 | 103 3.533 |364.1 |96.4 0.873
0.65 36 10.49 |377.7 | 103 3534 |364.1 |96.4 0.970
0.7 36 10.49 |377.7 | 103 3.534 |364.1 |96.4 0.951
0.75 36 10.49 |377.7 | 103 3.534 |364.1 |96.4 0.922

Table 9. Simulated parameters for various duty ratios for case-3.
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In Fig. 24, the negative voltage across diode (d,) is attributed to three specific cases. This occurs when the
current through the diode is zero, indicating that the diode is in a reverse bias state.

In Fig. 25, The diode is initially reverse-biased, and the current is zero. At around 0.1 s, the diode becomes
forward-biased, and the current begins to flow. The current increases rapidly to a peak value of 0.05 A at around
0.15s.

Finally, the simulated output waveforms are shown in the Figs. 26 & 27 of the proposed converter. For a 100 W
power, the proposed converter is designed with an output voltage of 108 V. A load of 29.1 Q resistance is used
at the output and hence the DC output current can be given as 3.468 A theoretically. Figures 26 & 27 shows the
simulated output voltage waveform and DC current voltage waveform. The simulated value is approximately
100.02 V and is much closed to the computed theoretical value.

Figures 26 & 27 show that the input and output voltage waveforms of the proposed converter are related. At
a frequency of 50 Hz and a duty cycle of 0.25, the output voltage consistently reaches 100 V and 3.58A.

Performance of proposed converter

An analysis is conducted on the suggested converter’s efficiency, ripple factor, output power, output current,
output voltage, and the voltage stresses placed on the active and passive parts. The simulated values for various
duty ratios for various circumstances are shown in Tables 7, 8 and 9.

From Table 7, the analysis of the Multi-Input SEPIC converter’s performance at various duty cycles sheds light
on its operation. At lower duty cycles, such as 0.1, it attains peak efficiency of 95.23% and demonstrates a low
ripple factor, indicating optimal performance. However, as the duty cycle increases beyond 0.4, both efficiency
and ripple factor deteriorate significantly. Input and output currents remain relatively stable across different
duty cycles, while the input voltage remains constant at 12 V. This analysis underscores the critical importance
of carefully selecting the duty cycle to fine-tune the Multi-Input SEPIC converter’s efficiency and ripple charac-
teristics for specific applications.

From Table 8, the analysis of the Multi-Input SEPIC converter’s performance at various duty cycles sheds
light on its operation. At lower duty cycles, such as 0.1, it attains peak efficiency of 96.3% and demonstrates a low
ripple factor, indicating optimal performance. However, as the duty cycle decreases beyond 0.4, both efficiency
and ripple factor deteriorate significantly. Input and output currents remain relatively stable across different
duty cycles, while the input voltage remains constant at 24 V. This analysis underscores the critical importance
of carefully selecting the duty cycle to finetune the Multi-Input SEPIC converter’s efficiency and ripple charac-
teristics for specific applications.

From Table 9, the analysis of the Multi-Input SEPIC converter’s performance at various duty cycles sheds light
on its operation. At lower duty cycles, such as 0.1, it attains peak efficiency of 96.66% and demonstrates a low
ripple factor, indicating optimal performance. However, as the duty cycle increases beyond 0.4, both efficiency
and ripple factor deteriorate significantly. Input and output currents remain relatively stable across different
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Figure 28. Relationship between input power and different duty ratios.
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Figure 29. Relationship between output voltage and different duty ratios.
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Figure 32. Relationship between ripple factor and different duty ratios.

duty cycles, while the input voltage remains constant at 36 V. This analysis underscores the critical importance
of carefully selecting the duty cycle to fine-tune the Multi-Input SEPIC converter’s efficiency and ripple charac-
teristics for specific applications.

It can be observed that the highest efficiency point is achieved at duty ratio 0.1 <d>0.75. The proposed con-
verter is designed with duty ratio of 25% but the highest efficiency point might occur at this duty ratio. It is also
observed that the efficiency is quite higher (96%) even at lower duty ratios i.e., from 10 to 75%. And the ripple
factor is under the universal limit point that is below 10% percent up to the duty ratio of 75%.

Figure 28 shows the Input power for three cases with different duty cycles. It is observed that the Input power
remains constant for various duty cycles, ranging from 0.1 to 0.75, in all three cases.

The output voltage for three scenarios with various duty cycles is displayed in Fig. 29. In all three scenarios,
it is seen that the output voltage stays constant across a range of duty cycles, from 0.1 to 0.75.

Figure 30 shows the Output power for three cases with different duty cycles. It is observed that the Output
power remains constant for various duty cycles, ranging from 0.1 to 0.75, in all three cases.
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Table 10. Evaluation of the suggested converter in comparison to other topologies.
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Comparison between efficiency for different topology.

Figure 31 shows the efficiency for three cases with different duty cycles. It is observed that the efficiency
remains constant for various duty cycles, ranging from 0.1 to 0.75, in all three cases.
Figure 32 shows the Ripple factor for three cases with different duty cycles. It is observed that the Ripple factor
remains constant for various duty cycles, ranging from 0.1 to 0.75, in all three cases.
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Figure 35. Comparison between output voltage for different topology.

Comparisons with existing topologies
The Table 10 initially shows that the proposed converter can be compared with various traditional converters,
offering significant advantages and finding numerous applications®'. This proposed converter features an equal
number of sources, high efficiency, and fewer diodes and relays. It also exhibits lower voltage stress than other
converters®. In terms of the number of power switches (bidirectional), it stands out by requiring only two
switches, while other converters typically have more*. The Multi-Input SEPIC converter boasts fewer diodes
compared to traditional converters, which often require 5 or 3 diodes®. Furthermore, the Multi-Input SEPIC
converter achieves an efficiency of over 96%, surpassing the lower efficiency percentages of 95%, 94%, and 88%-
94% seen in other converters®. When comparing these aspects with the Multi-Input SEPIC converter, it becomes
evident that it excels in numerous aspects and applications™.

Figures 33, 34, and 35 present a comprehensive comparison of various converters with the proposed Multi-
Input SEPIC converter across different aspects. The data clearly demonstrates that the Multi-Input SEPIC con-
verter out performs all traditional converters.

Conclusion

In conclusion, our study presents a highly efficient SEPIC converter integrated with a multi-input DC-DC
configuration for DC microgrid management. Using Simulink in MATLAB, we verified its ability to provide
continuous power to the load by utilizing both a DC source 1 and DC source 2. The configuration versatility
allows operation across a wide range of output voltages while maintaining effective power regulation. Various
modelling techniques were employed to ensure precise design and analysis, including Average large-signal,
small-signal, and steady-state modelling. Stability was assessed using the R-H stability criterion, and the output
voltage expression was derived from steady-state modelling. Our study discusses the converter’s operation and
the role of switches in power transmission from single or dual sources. Efficiency comparisons with established
converter topologies demonstrated an impressive 95% efficiency at rated load, with minimal system losses. The
Multi-Input SEPIC converter’s effectiveness, design, performance, and stability insights position it as a promising
solution for efficient DC power microgrid management. Its potential for sustainable and reliable power supply
solutions becomes particularly evident when integrated with renewable energy sources.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.
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