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A Novel High Step-Up SEPIC-Based Non-Isolated
Three-Port DC-DC Converter Proper for Renewable
Energy Applications

Seyyed Mojtaba Taheri, Alfred Baghramian, Seyed Amir Pourseyedi

Abstract—This summary introduces a new non-isolated high
voltage gain SEPIC-based multi-port DC-DC converter. The
boosting structures, including voltage lift cell(VL.C) and coupled
inductor(CI), are employed to increase the voltage gain of the
suggested converter, and also the input current of the proposed
structure is continuous and has a low ripple, which is appropriate
for renewable energy sources. Both inputs of this converter can
operate individually or simultaneously. This topology has three
ports: the renewable energy source port, the battery port, which
is a bidirectional port, and the output port. In this topology, the
voltage stress of three MOSFET switches is low. Low voltage
stress of switches causes a reduction in their losses and improves
the efficiency of this converter. Compared to converters with
similar functionality, the minimum number of active switches is
used in this structure, which causes reducing the implementation
cost and the control structure’s complexity. Operating modes of
the new topology are explained in this paper. Ultimately, a 100-
Watt prototype of the introduced converter is accomplished to
validate the clams.

Index Terms—Multi-port converter, High voltage gain, Renew-
able energy sources.

I. INTRODUCTION

ONVENTIONAL energy sources like fossil fuels are

running out, and the importance of renewable energy
sources such as solar energy is increasing [1] and have
attracted much attention in recent years. In addition, global
energy consumption is growing yearly, which causes more
fossil fuels to be burned, significantly impacting air pollution,
climate change, global warming, and human health. Renew-
able energy sources have no costs but the initial cost of
implementation and do not cause pollution [2]-[4]. However,
these resources have several disadvantages, explained in the
following. Due to the unstable nature of these resources, it
is necessary to use another source as a backup unit, which
leads us to multi-input converters. Also, because the voltage
level of renewable energy sources such as solar panels and
fuel cells is low, a high step-up topology is needed for
these sources. Compared to single-input converters, lower cost,
better performance, and fewer elements are the advantages of
multi-input converters. Multi-port converters are extensively
utilized in microgrids, electric hybrid vehicles, and hybrid
energy systems [5]-[7].

Seyyed Mojtaba Taheri, Alfred Baghramian, and Seyed Amir Pourseyedi are
with the Electrical Engineering(EE) Department, University of Guilan, Rasht,
Iran (e-mail: smojtaba_taheri@msc.guilan.ac.ir, alfred@guilan.ac.ir, amir-
pourseyedi @msc.guilan.ac.ir and the corresponding author for telephone in-
quiries: +98 912 4860924; fax: +98 13 6690271; e-mail: alfred @ guilan.ac.ir).

© 2022 IEEE. Personal use isgermitted, but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/ric);(hts/index.html for more information.
L - Galatasaray Universitesi. Downloaded on February 24,2023 at 10:50:10 UTC from IEEE

Authorized licensed use limited to: ULAKBIM UA

There are two general categories of multi-input converters,
isolated and non-isolated. Multi-winding transformer [8] or CI
[9] are used to design isolated converters. Compared to non-
isolated converters, isolated converters are designed for high-
power applications. Raising the transformer’s turn ratio boosts
the voltage gain of the converter. Notwithstanding, multi-
winding transformers with a high turn ratio have a challenging
design process and a high input current. Also, many isolated
converters use active bridge structures that increase the number
of switches and the cost of implementation [10], [11]. In [12],
several isolated multi-input converters are studied.

Non-isolated multi-input converters have a smaller structure,
fewer elements, and lower manufacturing costs. In these con-
verters, there is a direct connection between inputs and output.
[40] Following are some techniques for designing a non-
isolated multi-input converter. One low-cost and straightfor-
ward method of designing a non-isolated multi-input converter
is to connect different energy sources by a switch to the input
terminal of a conventional converter [13]. One of the disad-
vantages of this method is the impossibility of using resources
simultaneously. In [14] and [15] due to the unequal voltage of
the power supplies, the first source is connected to the multi-
input structure with a diode and other sources with active
switches, and these input sources operate separately. Another
technique for designing non-isolated multi-input converters is
combining different converters [16]. A SEPIC converter is
combined with a buck converter in [17] that one of the input
sources is bidirectional and can be charged or discharged. In
[18] a double-input central capacitor high gain dc-dc converter
for renewable energy sources is introduced. In this structure,
two buck-boost converters are integrated. Also, their output is
connected to the main capacitor, which is in series with two
input sources of the converter and provides the output demand.
In structures [19] and [20], base structures(buck and boost
structure) are used for two unidirectional inputs, and a bridge
structure is exerted for energy storage source input. Another
typical method is to use voltage or current pulse source cells
in series or parallel on a single-input converter. Voltage pulse
energy sources are used in series in [21] and [22], and both
sources of these converters can operate independently. In [23],
two current pulse sources are connected in series; also, this
converter is soft-switched. Several multi-port topologies that
use current pulse sources in series or parallel in their inputs
are analyzed in [24]. Some non-isolated multi-input converters
are manufactured by attaching traditional converters’ series,
parallel, or series-parallel. Many elements are used in this

plore. Restrictions apply.
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Fig. 1: Presented converter structure. (a) The SEPIC converter.
(b) The suggested SEPIC-based non-isolated high step-up
multi-port DC-DC converter.

sort of multi-input converter that enhances conduction losses,
and as a result, their manufacturing cost increases. Also,
the structure becomes complicated. In [25] two buck-boost
converters are joined in parallel, and input sources can supply
the required output power independently or simultaneously. In
structure, [26] two similar converters are connected in series.
The operation of this converter is that one of the converters
charges a capacitor and the second converter is in series with
the charged capacitor, providing output power.

As mentioned, the proposed converter should have a high
voltage gain due to the unstable nature and low voltage of
renewable energy sources, such as solar panels. The voltage
boosting cells, coupled inductor, transformer, etc., are the
methods to enhance the voltage gain [27]-[29]. A high gain
multi-input dc-dc converter is presented in [30] that input
current is discontinuous and two coupled inductors are used
to improve the voltage gain, and the power flow of this
converter is bidirectional. In [31] a multi-input dc-dc converter
is proposed that a switched-capacitor structure is applied in
this converter for boosting the output voltage. At the input of
this converter, the buck structure is used, and as a result, the
input current is discontinuous. A three-port high step-up dc-
dc converter is presented in [32]. The energy storage input is
bidirectional in this converter. A coupled inductor is used in
this structure to increase the voltage gain, but the input current
ripple is high.

This article recommends a non-isolated SEPIC-based dual
input high voltage gain DC-DC converter, which is illustrated
in Fig. 1b. Two voltage boosting structures, a CI and a VLC,
are utilized to boost the voltage gain in this converter. The
energy storage input of the suggested structure is bidirectional
so that it can be charged or discharged, depending on the
circumstances. Two inputs of this converter can operate in-
dependently or simultaneously. This structure has three active
switches. The power switch S; faces low voltage stress due
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Fig. 2: current flow paths of the input sources of suggested
structure in different modes.

to the clamp circuit, and also, Switches So and S3, by the
voltage stress calculations of the semiconductors, withstand
low voltage stress. Thus, switches with lower Resistance can
be used for the introduced structure, which reduces conduc-
tion losses. Compared to the performance of the proposed
converter, the minimum number of active switches is used,
which reduces switching losses. The current of the first input
in all operating modes and the second input in SISO mode
is continuous, which is advantageous for renewable energy
sources, especially photovoltaic sources. This paper is split
into eight sections. The introduction is given in the 1’st section.
The offered converter’s structure and its modes’ explanation
are presented in Section II. Section III provides analysis
and equations for the structure. Then, the comparison of the
suggested topology with similar structures is listed in section
IV. The experimental results of the proposed structure are
shown in Section V. Ultimately, in Section VI, the conclusion
is explained.

II. OPERATION MODES OF THE INTRODUCED
STRUCTURE

The SEPIC converter and the presented structure are illus-
trated in Fig. 1. The seggested topology is based on the SEPIC
converter and includes two inputs, three switches, five diodes,
four capacitors, an inductor, and a CI. The bidirectional input
of this converter is proper for energy storage sources. The other
input is continuous current in all modes and is appropriate
for photovoltaic sources. According to the calculations, the
suggested topology’s stress voltage of three MOSFET switches
is low. Hence, the losses of these elements are reduced. A
CI and a VLC are utilized to boost the output voltage gain
in the presented structure. Another merit of this topology
is the ability to operate each one of the converter inputs
independently or synchronously. Fig. 2 displays how input
sources connect in different modes. Several assumptions are
made to simplify converter analysis:

1. Capacitors are large enough to ignore voltage ripples.

2. The current ripple of the inductors is ignored.

3. All semiconductors, including switches and diodes, are
ideal.

In all modes, the secondary side current of the CI, the CI turn
ratio, and the coefficient of coupling are calculated according
to the following equation:
I — Ik

N (D

Ips =

plore. Restrictions apply.
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A. SISO and DISO modes

In SISO mode, just one of the sources, first input source

Vin1 through the diode D5 or second input source V;,,» through
the relay R, transmits energy to the output. When relay R is
on, for source V;,2 to operate appropriately in SISO mode and
diode D5 to remain off, the voltage of source V;,2 must be
higher than the voltage of source V;,1. In DISO mode, both
inputs operate simultaneously, and the second input plays a
supporting role when the first input does not have sufficient
power to supply the output demand. Due to the similar function
of the SISO and DISO modes, both are discussed in this
section. The equivalent circuits and waveforms of intervals
are illustrated in Fig. 3a and Fig. 3b, sequentially.
Interval 1 (¢1-t2): In this short period, switches S; and S
are turned on. Both inputs are involved in charging the input
inductor. Thus, the input inductor current raises linearly. The
CI secondary side current feeds the output capacitor and the
load through the diode D,. Due to the high voltage on the
small value of the leakage inductor (LI), its current increases
with a high slope. The stored energy of the LI is transmitted
to the capacitor Cy. The equations of this interval are written
below:

Isi = Ipin — Itk — Ins 4
Vim = k(Ver — Vo) &)
Viin = Vin1 + Vin2 (6)

Interval 2 (t3-t3): At t = to, the current of the LI transcends
the current of the MI. Hence, the diode D, is turned on. The
stored energy of the capacitor C; charges capacitor Co and
raises the LI current and the MI current linearly. Both input
sources charge the input inductor, and capacitor C, feeds the
load. The equations for this section are as follows:

Vim = k(Ver — Vo) 7

Viin = Vin1 + Vin2 (3
Ik —Ipm,

Ipy = Iy, = —Em )

Interval 3 (t3-t4): In this period, the switch Sy is turned off,
and the diode D; is turned on. Therefore, only source V;,1
charges the input inductor. The rest elements of the presented
converter operate as the previous interval. At last, the switch
S1 is turned off. The equations of this interval are written
below:

Vim =k(Ver = Vez)

Viin = Vin1

(10)
(1)

Interval 4 (t4-t5): At t = t4, the switch S; is turned off
and diodes D5 and D, are in direct bias. The inductor L;, is
discharged in the capacitor C; through the diode D; . Also,
the voltage stress of switch S is significantly decreased by
the clamp structure consisting of capacitor C; and diode D;.
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Fig. 3: (a) Equivalent circuit of each interval in DISO mode,
(D interval 1, (I) interval 2, (III) interval 3, (IV) interval 4,
(V) interval 5, (VI) interval 6, (b) Steady-state waveforms of
the presented structure in DISO mode.

Also, LI energy is recovered via capacitor C through the
diode D;. As described in interval 1, a large negative voltage
on the LI causes a large current with a negative slope during
this period. The capacitor C, supplies the output load demand.
The equations of this period are as below:
Vim = —kVee
Viin =

(12)

inl — Vo (13)

Interval 5 (t5-tg): In this interval, inductors L, L,, and L;,
are being discharged. At instant ¢5, the current of the LI
becomes smaller than the current of the MI. Hence, diode

plore. Restrictions apply.



This article has been accepted for publication in IEEE Transactions on Industrial Electronics. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TIE.2022.3220909

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS

D, is turned off, and diode D, is turned on. Energies of the
input source V;,1, the input inductor L;,, capacitors C5 and
Cj5 and the CI secondary side are transmitted to the capacitor
C, and the load via the diode D,. At the end of this interval,
the sum of the currents I, and Iy, overtakes the current
Ir;n. As a result, the current of diode D; becomes negative,
and this diode turns off naturally. The following equations are
represented in this period:

Vo =Ve1 + Voo — Vs + Vs (14)
VLm = _kVCZ (15)
Viin = Vin1 — Ve (16)
Ipy = Ipin — Ik — Ins )

Interval 6 (tg-t7): At the last interval, the output diode D, is
still on. The energy is transmitted from the input to the output
like in the previous interval. This period ends when the switch
S1 turns on. The equations of this interval are written below:

Vo = Vinlv_ VLiz];["(“;CQ - “//:Ns)"' V&_’B (18)
Ve + c1— Vea2) — Vo
Vim =k 1+ kN (19)
B. SIDO mode

In this mode, the output energy requirement is less than
the energy received from photovoltaic source V1, so the
excess energy of this source is stored in energy storage source
Vino through diode Ds, and switch S3. In all periods of
this mode, the switch S, is off, and diode D5 is on. The
presented topology in SIDO mode has six intervals. The
equivalent circuits of this mode are indicated in Fig. 4a, and
the waveforms of this mode are represented in Fig. 4b.
Interval 1 (¢1-t2): In this short period, the switch S; is turned
on. Also, diodes D5 and D, are in direct bias. The inductor
L;, is charged by the source V;,1, and its current increases
linearly while the MI current decreases. The L inductance
value is small, and the voltage across it is high; therefore,
its current increases with a high slope. The equations of this
interval are as follows:

Vim =k(Ver — Vea) (20)
VLin = Vinl (21)
Isi = Ipin —Ins — Ik (22)

Interval 2 (to-t3): At the start of this interval, the LI current
exceeds the MI current. As a result, diode D, is turned off, and
Dy is turned on. Therefore, the capacitor C's is energized by
the secondary side of CL. The input inductor current increases
linearly; also, the energy of the capacitor C'; is transmitted to
the capacitor Cs. The output capacitor C,, feeds the load. The
equations of this interval can be obtained as follow:

Vim = k(Vor — Vo) (23)

Viin = Vin1 (24)
Ing — Ipm

Ips=In, = ““TL (25)

Interval 3 (t3-t4): This short period begins when switch S is
turned off. Also, switch S is turned on, and the stored energy
of the input inductor charges the storage source V;,s through
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Fig. 4: (a) Equivalent circuit of each interval in SIDO mode,

(I) interval 1, (II) interval 2, (III) interval 3, (IV) interval 4,

(V) interval 5, (VI) interval 6, (b) Steady-state waveforms of
the presented structure in SIDO mode.

o

the diode D3 and switch S3. Diode Dy is still on, and capacitor
Cs receives energy from the CI secondary side current. A high
negative voltage is applied to the LI during this period and its
current drops with a high slope. The following equations can
be noted for this interval:

Vim = k(Ver — Vo2 — Vipz) (26)
Viin = Vint — Vin2 27
Is3 =1Ip3=Ipin+ Ik (28)

Interval 4 (t4-t5): At the start of this period, diode D, turns
off, the only difference between this interval and the previous

plore. Restrictions apply.
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period. Switch S5 and diode Dj are still on and source Vo
is charging by the energy of source Vj,;. In addition, the
capacitor C5 recycles the energy of the LI. Ultimately, the
LI current reaches the MI current. The equations in this time
period can be found as follows:
VLm = k(VC1 - VC2 - Vvan)
VLin =

(29)

nl — V;Jn2 (30)

Interval 5 (¢5-tg): In this interval, at the instant t5, the LI
current becomes less than the MI current, and the current I
flows in the opposite direction. Thus, diode Dy is turned off,
and the output diode is turned on. The energy of the input
Vini, the inductor L;,, the secondary side of the CI, and
capacitors Cy and C3 provide the output load demand. At
instant g of this period, the sum of the LI current and the CI
secondary side current surpasses the input inductor current.
Thus, the current of diode D; becomes negative, and it turns
off naturally. Equations of this interval can be reported as
below:

Vo =Ve1 + Voo — Vvs + Vs 3D
Vim = —kVea (32)
Viin = Vin1 — Vou (33)
Ip1 = Ipin — Ik — Ins (34)

Interval 6 (tg-t7): This interval is the last period of the SIDO
mode. Like the previous period, the diode D, is on and
transmits energy to the output. This period ends when the
switch S7 turns on. The equations for this interval are as
follows:
Vo = Vin1 = Viin + Vo2 — Vs + Vs
Vi = chq +EN(Ver — Vo) =V,
’ 14+ EN

(35)
(36)

ITII. STEADY STATE ANALYSIS OF PROPOSED
CONVERTER

A. Voltage gain

Intervals 1 and 4 in DISO mode and intervals 1 and 3 in
SIDO mode are too short that they are ignored in the voltage
gain calculations. The symbols dg1, ds2 and dg3 are defined
as the switches S1, S and S3 Duty cycle, respectively. Due to
the simplification of the voltage gain equation of the proposed
topology and the similar performance of intervals 5 and 6 in
increasing and decreasing slope of charging and discharging
energy storage devices, including inductors and capacitors, in
both DISO and SIDO modes, intervals 5 and 6 are considered
as interval 5. Also, the voltage ripple of capacitors C, Co,
and C5 are ignored. N and k are the turn ratio and the
CI coefficient, respectively. The suggested structure has three
operating modes, so the voltage gain is calculated in each
operational mode. All calculations are in CCM mode.

1) DISO mode: In this mode, both inputs V;,,1 and Vj,s
are involved in transferring energy to the output. Also, the
switch S3 is off. The volt-second balance principle applies to
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the inductors L;, and L,,. The equations of this mode are

written below:
Vin1 + ds2Vina

Ve = (7
1—ds:
ds1(Vip1 + ds2Vip,
Vi = disy Ve, — s1( 11 . 52Vin2) (38)
—ds1
VC3 = NVLmDn = kN(‘/znl + dSQ‘/Z’I’L2) (39)
Ve = —kNVey = v o1 0im T dsaVina) = g

1—ds:

according to equations (14) and (37) to (40), the suggested
structure voltage gain is calculated as follows:

1+kN +d
V, = /T (Vi1 + ds2Vina) (41)
1—ds

Due to the small value of leakage inductance, it can be ignored
in calculations. Therefore, & = 1, and the voltage gain is as
below:

1+N+d
VO:++51

1 d (V:Lnl + dSQV:in2)
—as1
2) SISO mode: In this mode, only one of the sources V;;,1
or V;,o transfers energy to output, and both switches So and
S35 are off. The converter voltage gain in this mode can be
determined by using the voltage gain calculated in DISO
mode, assuming that the Sy switch is off (ds2 = 0). according
to equation (41), the offered structure voltage gain in SISO
mode is erittenkl])\(felowéé
Vo= = Vit or Vi) (43)
Due to the small value of the leakage inductance, it can be
ignored. Therefore, k£ = 1, and the voltage gain in SISO mode

is as follows:
14+ N +dsy
Vo= ———=

1—ds1

3) SIDO mode: In this mode, the source V;,,; supplies the

energy required to charge the storage source V;,2 and the
output demand. The switch S5 is off in this mode.

(42)

(Vin1 or Vinz2) (44)

The volt-second balance principle applies to the L;, and

L,,, the equations related to this mode are written below:
‘/inl - dSS‘/inQ

Ver = 45

N " dgr — dgs (“43)

Ve — (ds1 + ds3)Vin1 — ds3Vine 46)
1—ds1 —dss
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TABLE I: comparison of similar high voltage-gain multi-port topologies with proposed structure.

vi

Number of Elements Voltage Gain of Charging Path of | Input Current
Converter S|D|C|L|CL|T SIS%) Mode No. of CCT | No. of IIF Stor%lgeg Device pRipple
01 (4|2 [3]2] 0 |11 /01— D) 2 1 v Low
21 |23 420 |11 1/(1-D) 2 0 x Low
@ 421|108 D/1-D) 0 2 v High
33 |44 70 116 QA+N)/1-D) 0 2 v High
B4 |5|5(5(0] 2 [17] (1+ND)/0-D) 0 2 v High
351 |35 41| 1 |14 (A+N)/1-D) 0 2 v High
36) |28 (520 [17] (1+N)/1-D) 2 0 x Low
371 |45 (3 |1] 0 |13 1/(1—- D) I 2 v High
B8] |24 52| 0 |13 1/(1-D) 2 2 X Low
39 4590|220 (A+rN)/(1_D) 0 2 v High
proposed |3 | 5|4 |1 1 |14](1+N+D)/(1-D) 2 2 v’ Low

CCI= Continues Current Inputs, IIF= Inputs with Independent Functionality.

Ves = NVim,,, = EN(Vor — Veg) = kNVi
(ds1 + ds3)Vin1t — ds3Vin2
1—ds1 —dss
according to equations (31) and (45) to (48), the presented

structure voltage gain is calculated as follows:

Vo ((1+kN+d51 "‘V‘dSB)Vvinl

—(2+kN)ds3Vinz2)
Due to the small value of leakage inductance, it can be ignored.
Therefore, k£ = 1, and the voltage gain is as follows:

Vo = ((14+ N +ds1 +ds3)Vina
—(24 N)ds3Vin2)

(47)

Vs = —kNVeg = —kN (48)

T 1—dg — ds3 (49)

1—ds1 —dss (50)

B. Voltage stress of switches and diodes

In this part, the switches and diodes voltage stress of the
presented topology in all modes are given below:

DISO mode:
Vvi,nl + dSQ‘/iHQ

Vo1 =Vp1 = T—d (51)
—ds1
Vsa = Vpa = Vipa (52)
‘/in - 1 - d - d ‘/in
Vig = Vg — it = (1 = ds1 = ds)Vins (53)
1—ds:
N(Vip1 +ds2Vin
Vi = D Vint £ ds2Vinz) (54)
1—ds:
Vi, = (L4 N)(Vin1 + ds2Vin2) 55)
1—ds
SIDO mode: v denV,
Ve =V, _ inl — WS3Vin2 56
51 DL = e das (56)
Vs2 = Vina (57)
Vint — (1 — ds1)Vin2
Vea = Vpa = 58
53 = Vb3 T p— (38)
Ve =0 (59)
N(‘/inl - dS3‘/in2)
Vg = 60
D4 1~ dei — dss (60)
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TABLE II: The circuit parameters of the experimental proto-
type

| Parameter Symbol Value \

Inputs Voltage Vini 22V

Vin2 24V
Output Voltage Vout 250V
Output Power Pt 100W
Switching Frequency fs 50KHz
Inductor Lin 280uH
Coupled-Inductor Ly, 180uH

N(Ns/Np) 3(54/18)

Capacitors Cy,Cy 34uF/100V

Cs 27uF/100V

C, 170uF/280V
Switches S1,59,53 IRFB4110
Diodes Dy, D3 MBR10H100CT

Dy SR3040PT

Dy, D, HERF1604GA
Vb, = (1+N)(Vip1 — ds3Vin2) 61)

1—ds1 —dss

If we apply dso = 0 in the voltage stress equations of the
presented structure in DISO mode, the voltage stress equations
for SISO mode (input=Vj,,1) are obtained. The voltage stress
diagram of MOSFET switches compared to output voltage in
SISO mode(input=V;,,; = 22(V')) is shown in Fig. 5.

IV. COMPARISON

In table I, several high step-up multi-input converters have
been compared with the presented structure. This table lists
some main features of the multi-input converters, including the
number of elements, voltage gain, the number of continuous
current inputs, the number of independent inputs, storage de-
vice charging path, and input current ripple rate. The presented
structure has two independent and continuous current inputs,
and the current ripple of the suggested structure inputs is low.
Continuous current of inputs is proper for renewable energy
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Fig. 6: Experimental waveforms of implemented prototype, (a-e¢) Voltage and current waveforms of elements in DISO mode,
(f-j) Voltage and current waveforms of elements in SIDO mode, (k) The experimental efficiency of proposed structure in all

modes.

sources. Also, this structure has a high voltage gain compared
to similar topologies and has a path to charge the storage unit.
By comparing the converters in this table, it can be inferred
that the voltage gain of the suggested topology is higher than
all introduced converters by considering N=4. The merits of
the proposed converter compared to [4], [33]-[35], [39] is
continuous current inputs, and presented structure compared
to [1], [2], [36] has two input that can operate independently.
Also, the suggested converter compared with [2], [36], [38]
has a charging path to charge the storage unit. Fewer active
switches make it easier to control the converter and reduce
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its power loss. The proposed structure, in comparison with
[11, [4], [33], [34], [37], [39] has fewer active switches and
also, in comparison with [33], [34], [36], [39] has fewer circuit
elements that reduce the cost of converter construction. In Fig.
7, the voltage gain of the converters that are compared in table
I is investigated.

V. EXPERIMENTAL RESULTS

To confirm the performance of the presented converter,
a 100-watt prototype has been designed and implemented.
The circuit parameters of the experimental prototype are
documented in table II. This converter has two inputs, Vj,1

plore. Restrictions apply.
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Fig. 7: Voltage gain comparison (N=4).

and Vj,2, which are 22 volts and 24 volts, respectively, and
the output voltage V, is 250 volts with an output load of 600
ohms. A frequency of 50 kHz has been selected to reduce
the size of passive elements and manufacturing costs. Also,
all diodes are selected from the Schottky model to reduce the
forward voltage drop. In the DISO mode, the input V;,,; cannot
independently supply the required output power. Therefore,
this source supplies the output power with the support of
auxiliary source V;,s. Fig. 6a to Fig. 6e show the waveforms
of this mode. In SIDO mode, the generated power of source
Vin1 is more than the load requirement. Therefore, the output
requirement is satisfied, and part of the energy is stored in
the source V;,o. Fig. 6f to Fig. 6] illustrate the waveforms of
this mode. ARM microprocessor STM32F407ZGT6 is used for
producing PWM signals. Mosfet switch IRFB4110 is used for
switches Sq, S and S3. Also, diode MBR10H100CT model
is used for diodes D; and D3 and diode SR3040PT model is
used for diode Dj3. Finally, the diode HERF1604GA model
is used for diodes D4 and D,. The type of input inductor
core is an iron powdered toroid core, and its model number
is T130-52. Also, the type of CI is EE 42/21/15 with a 0.4
mm air gap. Experimental results are displayed in Fig. 6. It
is noticeable from the figures of the experimental results (Fig.
6) that in both DISO and SIDO modes, the voltage stress of
switches S7, Sa, and S3 are about 75 volts, 45 volts, and 50
volts, respectively, which is low voltage stress compared to the
output voltage. Although the proposed structure is a converter
with hard switching condition and the number of elements
is high in this topology, the converter has relatively high
efficiency. In the design of this converter, the focus has been on
lowering the voltage stress of the semiconductors to increase
the efficiency of the suggested converter. The efficiency of the
presented converter in various output powers and all converter
operating modes is illustrated in Fig. 6k.

VI. CONCLUSION

This document develops a high-gain non-isolated multi-port
DC-DC converter for renewable energy sources. The bene-
fits of this structure are having independent and Continuous
current inputs, switches with low voltage stress, the energy
storage source charging path, and using the minimum number
of switches. Also, this topology has a high voltage gain
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Fig. 8: The implemented prototype photography.

compared to similar structures, which is one of the significant
advantages of this topology. The features of this structure
are verified by testing a laboratory prototype. The presented
structure has three modes, SISO mode, DISO mode, and
SIDO mode, and all modes are explained. This converter has
two inputs that can operate independently or simultaneously.
Also, these two inputs are continuous current and proper for
renewable energy sources. Furthermore, the second input V;;,2
is suitable for energy storage sources which can be charged
by source V;,1 through the charging path. If the first source
Vin1 could not supply the output load, the second source V;, 2
participates in providing output demand.
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