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Abstract: In this paper, a novel multi-input converter for photovoltaic applications is
introduced. The suggested topology has a single output and three inputgports including:
solar panel, fuel cell, and a bidirectional port for battery charging and discharging. The
converter operates in three distinct modes, each defined by a Specifiefduty eycle,
allowing for precise adjustment of the output voltage and controlled power sharing
between the sources. This configuration allows for independentimanagement of the fuel
cell, solar panel and battery ensuring efficient energy utilization under” different
generation and load conditions. One of the key advantages offthe proposed converter is
its continuous input current with very low ripple, which helps to extend the lifetime of
the fuel cell and photovoltaic sources. This topology ‘alse _achieves high voltage gain
without bulky transformers, maintains high_efficiency over a wide power range, and
provides a common ground between all portsSaThese features reduce the voltage stress
on the semiconductor switches and improve system reliability. The proposed converter
is compared with recent multi-input converters andbits advantages in component count,
voltage suppression, control simpliCity, and, voltage gain are demonstrated. Simulation
results for a 330 W sample in " MATLAB/Simulink confirm proper output voltage
regulation and satisfactory /performance of |the converter under various operating
conditions.

Keywords: DC-DC Converter, Multi-input converter, Photovoltaic System, Voltage

Gain.

1 Introduction

N recent years; the use of renewable resources,

in€ludingyphotovoltaic (PW) systems, has increased
significantly. [2]-[2]. To solve™ the problem of the
shortage of renewable resources and to ensure the supply
of power, energy. Storage devices such as batteries and
other energy sources such as fuel cells are used [3]-[4].
Hybrid systems require more than one converter to
control the power{ and the converter on the energy
storage side must be bidirectional [5]. Power
management with single converters is inefficient, and the
system cost increases and the system is more bulky [6].
Therefore, multi-input (MI) converters can significantly

Iranian Journal of Electrical & Electronic Engineering, 2027.

Paper first received 17 April 2026 and accepted 09 October 2026.
* The author is with the Department of Electrical Engineering,
Iran University of Science and Technology, Tehran, Iran.
E-mails:msarvi@iust.ac.ir.

Corresponding Author: Mohammad Sarvi.

contribute to the effective combination of multiple
resources [7].

In [8] a multi-input-multi-output (MI-MO) converter
was presented that is modular but not suitable for high-
power applications and has high input source current
ripple. The combination of a voltage multiplier cell and
coupled inductors in the structure can increase the gain of
the multiport converter [9]-[10].

In [11]-[12], a non-isolated converter architecture
featuring three ports is presented.

In [13] a two-input-single-output converter with high
input voltage gain was presented. In [14] presented an
isolated multi-port converter, and since two transformers
are used and the number of capacitors is large, the
converter analysis is complex and its manufacturing cost
is high. In [15] an isolated multiport converter for PV-
battery configurations was presented. In [16] a non-
isolated topology tailored for hybrid PV-battery
applications is introduced.
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In [17], a three-port converter was presented with only
one inductor, and due to the low energy storage, the
converter is not stable in high-power applications. In [18]
a DC-DC converter with multiple output ports was
presented, with each output compatible with different
devices.

In [19]-[20], a comprehensive review of the types of
isolated and non-isolated multiport converter structures
has been provided.

In [21], a multi-port converter is introduced that allows
combining three input sources and is suitable for
practical energy management applications.

In [22] multi-port converters for renewable sources are
presented, and the large number of elements makes the
implementation of the converter for industrial
applications difficult and costly.

Considering the challenges discussed in the literature,
in this study, a new bidirectional multi-input converter is
introduced, which can use solar panel, battery and fuel
cell ~ simultaneously. The introduced converter
demonstrates a favorable voltage-gain and efficiency
characteristic. Continuous input current and common
ground between ports are other features of the proposed
structure. By comparing the proposed converter with
other converters, the good performance and efficiency of
the proposed converter have been validated.

This paper is structured into five sections. Section 2 is
presented the structure of the proposed converter and its
analysis. The third section compares the converter with
other converters. The fourth section is® provided the
simulation of the converter and finally, the last“partyis
presented the conclusion.

2 Converter Structure and©@perating Modes

The general schematic of the ‘multi-input photovoltaic
system is shown in Figal(a) and with thesSuggested MI
converterfin Fig.1(b)-<Aceording to jthe figure, in the
latter ,case, the number of converters is reduced. Fig. 2
shows thetSuggested Ml DC-BC converter. The first
operating mode i$,for when the load is powered by the
solar panel and“fuehcell. The second mode is for when
the battery is in a“discharged state and supplies the load
together with the panel and fuel cell. The third mode
occurs when the battery is charging and the load is
supplied by the panel and fuel cell. This converter has 3
operating modes that are implemented by three duty
cycles (d1, d2, d3).

The state of the semiconductor elements in each mode
is summarized in Table 1.

2.1 First Mode of Operation

In this case, the solar panel and fuel cell supply the
load. This mode has 3 switching states as shown in Fig.
3(a) to Fig. 3(c).

State 1 [tO, t1]: At this duration, switches S1, S5, S4
and diode D6 are on and capacitor C1 and inductors L1,
L2 are charging.

The converter equation in this mode is as follows, and
the current in inductor L1 is equal to i1 and the current in
inductor L2 is equal to i2.

di (1)
V,=L,—2*
cl 1 dt

va :Vcl (2)

di 3

Ve = LZCTIZ ( )

- @@=

_/ Converter P

DC-DC
Converter lp| DC Load

PV Module —b
DC-DC

Converter

Fule Cell

(a)

i Battery

Multi-Input

DC-DC DC Load
Converter

PV Module

Fule Cell

(b)
Fig 1. (a) System with separate converters, (b)
System with MI converter.
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State 3 [t2, t3]: The inductor L1 is discharging into the
capacitor C4.

State 4 [t3, t4]: The diode D8 is on and the energy of
the capacitor C4 and the inductor L2 is discharged into
the output capacitor.

0 =

Fig 2. The Suggested MI converter.

State 2[t1, t2]: D1, D3, D4, D6 and D8 are on and
inductor L1 is charging capacitor C4. Inductor L2 is
charging and the output load is powered.

di 4
Vclled—tl+ch+V04 ( )

di 5
Vi = de_tz ©)
Vcl = Ll % + VCZ + Vco (6)

dt

di @
V,=L,—1+V

cl 1 dt c3

State 3 [t2, t3]: At t=t2, diode D8 is on and the output
load is powered (Fig. 3 (c)).
di,
dt
Ve =V,
di,
dt
di,
dt
By applying the voltage—second balance p
inductors L1 and L2, the output voltage for a
modes has been obtained:

L1 : dl(\/cl) + (dz _dl)(\/cl -

Vie=L,—= -V, +V,

V,

C.

=L

V=L,

V., —

[

+(@1-d,)V, =0

(13)
(14)

(15)
(16)

In this case, the battery is in the discharging state and
supplies the load along with the panel and the fuel cell.
This case has 4 switching states as shown in Fig. 4(a) to
Fig. 4(b).

State 1 [tO, t1]: In this case, the inductors L1 and L2 are
charging.

State 2 [t1, t2]: The capacitor C2 and the inductors L1
and L2 are charged by VPV + VBattery + VFC.
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L1 : d1 (Vcl +Vbatlery) + (dz - d1)(vc1) + (17)
+(d3 - dz)(vcl _Vc4) +(1- ds)(vc1) =0
va =Vy (18)
_ Vo + dlvbattery (19)
c4 = d,—d,
L, 1d, (Vi + Vbattery) +(d; —d,)( (20)
+(1-d)(Vee +V,, -V,
B (1—dy)(V, +dV,, +0\Voattery) (21)
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Fig 3.  First operation mode in state (a) 1, (b) 2, (c) 3.

2.3 Third Mode of Operation

The third mode occurs when the battery is charging and
the load is powered by the panel and the fuel cell. The
third mode of operation has 4 switching states, which are
shown in Fig. 5(a) to Fig. 5(b).

State 1 [tO, t1]: In this case, the inductors L1 and L2 are
charging.

State 2 [t1, t2]: The inductor L1 is charging the
capacitor C4.
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State 3 [t2, t3]: The inductor L1 is charging with VC1-
VBattery and the inductor L2 is charging with VFC-
Vhattery.

State 4 [t3, t4]: In this case, switch S2 is on and
inductor L1 is discharged with VC1-VBattery and
inductor L2 with VFC-Vbattery and supplies the output
load.

Ly id (Vo) +(d, —d ) (Vi — Vo) + (22)
+(1_d2)( el battery) 0
va =Vc1 (23)
Vcl - (1_ dz)vbattery (24)
Vc4 =
dz - d1

LZ : d2 (VFC) + (d3 - dz)(VFC battery) + (25)
+(1_d3)(VFC + Vc4 _Vo) =0

_ (VFC - (d3 _dz)vbattery) i (Vc]_ - (1_d2)vbattery) (26)

° (1_d3) (dz _dl)

The key waveforms of some converter elements under
the three operating modes are shown in Fig. 6. The
voltage gain of the proposed converter at different duty
cycle values in mode 1 is shown in Fig. 7.
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Fig4. Second Operation mode in state (a) 1, (b) 2, (c) 3,
(d) 4.

3 Converter Comparison

In this part, Table 2 compares the proposed converter
with other similar articles. The comparison reveals that
the suggested converter exhibits high efficiency and
achieves a high voltage gain and is suitable for use in
photovoltaic systems. The converter efficiency is
obtained according to the procedure mentioned in [23].
In Fig. 8(a), the converter efficiengy’is plotted separately
for each mode, and in Fig. 8(b), the percentage, of losses
for each section of the converter iSipreSented.

Status_of semiconductor elemegnts in each
converter mode:

Table 1.

No. of  Sub- Conditions time State
mode mode interval  Numbers

$1,54,55,06=0ON
1 $2,53,01,02,D3,D
4,D5,07,08= OFF

$4,55,01,03,04,D
6,08

1 2 =ON
$1,52,53,D2,D5,D7
=OFF

[t0-t1]  1-1

[t1-t2]  1-2

S1, D7, D8=ON
3 $2,-55, D1-D6
=OFF

[t2-t3]  1-3

$1,54,55,D6=0ON
1 $2,53,D04,D5,D1,D
7,02,D3,D8 =OFF

[t0-t1]  2-1

$1,-S5, ,D2, D3,
D6=ON

2 D1,D4,D5,D7,D8 [t1-2] 22
=OFF
$3,54,D07,D3,D4,D
5,08 =ON

3 s1,52,55,01,02,06 2B 23
=OFF
$2,53,54,
D5,D8=0N

4 D1,D2,51,55,D6,D [3-t4] 24
7 =OFF
$1,54,55, D6=ON
52,53, D4,D3,

1 D5,01, D7,D2,D8 [t0-t1] 31
=OFF
$3,51,54,D4,D2,
D3, =ON

2 52,5501,06,05p L1t 32
7,D8 =OFF

,D3,D4,
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Comparison of converters.

Topology Propose'd [24] [25] [26] [27]
converter

No. of 3 2 3 3 3

inputs

No. of 1 1 2 1 1

outputs

No. of 5 5 4 4 4
Switches

No. of 2 1 4 2 2
Inductors
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Fig 6. Waveforms for the converter (a)1 (b)2 (c)3.
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Voltage Gain

d converter.

multi-input converter
ATLAB software. The
e illustrated in Table 3. The
nput port consisting of a 30 V
solar panel, a 25 el cell, and a 24 V lithium-ion
battery. The simulation results for the converter are
illustrated in Fig. 9(a) through Fig. 9(j).

proposed converte

=t Model =l==Mode 2 ==d=Mode3
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Inducrors 7%
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17%

Power Switches , 41%

® Diodes ® Power Switches M Capacitors m Inducrors

(b)
(a) Converter efficiency (b) Percentage of losses
for each element of the converter.

Table 3. Converter simulation specifications.

Parameter Value
L1 2mH
L2 2uH
c1 1uF
Cc2 16uF
c3 16uF
ca 1mf
Co 10mF
fs 20KHz
Load R 30-80 (Q)
Vo 160V
Vpv 30v
Vbattery 24v
Vfc 25
Pout 330w

Fig. 9(a) shows the output voltage alongside the two
input voltages. As can be seen, the output voltage is
correctly regulated at 160 V and reaches its steady-state
value in approximately 0.25 seconds, while the input
voltages remain constant at their nominal values (30 V
for VPV and 25 V for VFC).

This demonstrates effective voltage regulation. Fig.
9(b) illustrates the wvoltage across diode VD2,
demonstrating the diode's proper operation. Fig. 9(c) and
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Fig. 9(d) show the constant voltages of the PV and the
fuel cell, respectively.

Fig. 9(e) and Fig. 9(f) display the gate signals for S2
and S4, confirming the desired duty-cycle operation of
the switches. Fig. 9(g) shows the output current (lo)
stabilizing at 2.06 A—a value corresponding to an output
power of 330 W at a voltage of 160 V.

Fig. 9(h) displays the output voltage and confirms its
regulation at 160 V, as previously observed in Fig. 9(a).

Fig. 9(i) shows the output power (Po), which stabilizes
at approximately 330 W, aligning with the design
specifications. The gradual rise and stable steady-state
operation indicate satisfactory power transfer from the
input sources to the load. Fig. 9(j) displays the battery
voltage throughout the simulation.

Following a brief initial transient period resulting from
charge/discharge dynamics, the battery voltage stabilizes
at approximately 24 V, demonstrating stable bidirectional
power management between the battery and the other
sources.

Overall, the results in Fig. 9 confirm proper voltage
regulation and stable operation of the proposed converter
under nominal operating conditions.
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Voltage (V), Battery

)

Fig 9. The converter simulation results in model:(a)
Voltage of input — output converter, (b) Vb, in
mode 3 (C) va (d) Vi, (E‘) VgsZ, (f) Vgs4, (g)lout,

(h) Vo, (I) Pout, (J) Vbattery.

5 Conclusion

In this study, a new MI DC-DC converter is presented
for the integrated connection of photovoltaic, fuel cell,
and battery sources. By reducing the component count,
eliminating the bulky transformer, lowering input current
ripple, and utilizing a common ground, the proposed
topology offers a suitable solution for applications where
source current quality, reliability, and system integration
are critical. To validate the theoretical analyses, a 330 W
converter was simulated in MATLAB/Simulink. The
results demonstrate effective regulation of the 160 V
output voltage and satisfactory power transfer among the
input sources under various operating conditions. An
efficiency exceeding 95% across all three operating
modes at 330 W confirms the feasibility and satisfactory.
performance of the proposed converter ,within the
investigated range. Overall, the results indicate. that the
proposed topology can serve as an integrated. stage for
hybrid photovoltaic/fuel cell/battery systems, “thereby.
reducing the need for multiple separate converters.

Nomenclature
d Duty cycle
Mi Multi Input
PV Photoveltaic
Va Capacitor voltage C1
Vea Capacitor voltage Cs
Vic Fuel cell voltage
Vv Solar panel voltage
Vbattery Battery voltage
Vo Output voltage
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