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Abstract- To use the multiple renewable energy sources for single-phase AC applications with an H6 converter topology. Dual
input DC-DC buck-boost converters that integrate the solar panel and a battery will regulate the required output DC voltage.
Furthermore, for the AC applications of having small power and High power, the H6 topology of single-phase transformerless
inverter is preferred because of less leakage current. To validate the proposed technique's feasibility, the MATLAB simulation
is performed for the whole process that validates the converter's results and performance.

Index Terms-- Dual input Buck-Boost Converter, H6 Topology, Solar Panel, Transformerless inverter

I. INTRODUCTION

The use of renewable energies is increasing day by day as fossil
fuels become depleted. Different topologies of the converter have
been proposed for renewable energies. With these topologies'
advent and these topologies, renewable energies can be accessed
easily from low power to high power applications. In this way,
renewable fuels can compensate for conventional sources. The
main problem with renewable energy sources like solar and wind
are that they are suitable in standalone applications because of
their dependencies on weather conditions. The integration of
these sources will work applicable to overcome their dynamic
nature. The distributed generation and microgrids are two main
applications [1-2]. Using renewable energy sources like PV or
wind, the system's stability and reliability can be boosted.

To reduce weight, size, cost, and efficiency, the
transformerless inverter is preferred over the conventional
isolating transformers and can easily interface with the grid [3].
Moreover, these both operate in parallel with the PV grid, and If
power is more than the grid, it supplies it. This feature attracts
researchers to go for in-depth research for PV-inverters [4]. The
H5 and H6 are widely used topologies for the transformerless
inverter. The DC decoupling is possible in the H5 topology, while
the HERIC topology can achieve AC decoupling. In the H6
topology of the transformerless inverter, both DC decoupling and
AC decoupling can be reached [5].

Il. DUAL INPUT DC-DC BUCK-BOOST CONVERTER
The working of the Dual input DC-DC buck-boost converter can
understand from the below waveforms.

The switches T1 and T, act as bidirectional conduction and
bidirectional blocking. The L and C values help to set current and

voltage ripples. T1 and T, switching will change the operating of
the converter while T3 performs buck and boost operations. The T
helps in making current bidirectional.
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FIGURE 1. Dual input DC-DC Buck-Boost Converter [6, 7].

I1l. STEADY STATE OPERATION OF THE BUCK-BOOST
CONVERTER.

Over a one switching period, switches will perform their duty cycle
mathematically.

t; = (dy —dy)Ts €Y)
t; =dypTs (2)
ty = (dy — di2)Ts 3)
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ty =1 —dy —dy +dy)Ts (4)
d; indicates the duty cycle of T1 and d; for the duty cycle of T,
The inductor voltage can be calculated by knowing t,
mathematically:

e, = e *ly Q)
During the time t2, the voltage across an inductor is:

e, = (Ey +E;) *T, (6)

Similarly, for t3 it will be:

e, = ey *t3 ™
For t4/Toff
e, = (_EO)Toff 8

After applying volt-sec balance, average values of inductor voltage
should be zero, therefore:

e, = (Ey xt;) + ((E1 + E) * tz) + (Ey +t3) + (Eo)Tosy
=0 (11
The relationship between the input and output voltages can be
obtained after solving the above equations,

E. — Eldl +E2 dz
0 (1_d1_d2+d12)

(12)

The ripple voltage (Av) of the capacitor and ripple current (Ai) of
the inductor can be obtained from the following equations,
respectively.

_ Eo(1—dy —d; +dy3)

Ai Lo, (13)
_ Eo(dy + d; —dy) (14)
R+ C * f

IV. THE H6 TYPE SINGLE PHASE TRANSFORMERLESS
INVERTER

After regulating the required output voltage, the buck-boost
converter feeds it to the single-phase transformerless inverter,
converting this DC voltage into AC for AC power applications.
The working and description of this topology are given in [8]. It
consists of six switches S1, S2, S3, S4, S5, and S6. The unipolar
PWM techniques are used. The third-order filter LCL is used to
mitigate harmonics. It has a 60dB/dec slope as compared to L and
LC filter.

This H6 topology-based single-phase transformerless inverter,
as shown in figure No: 02, possess the least leakage current as
compared to the conventional topologies of the inverter [9, 17]
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FIGURE 2. The H-6 type transformerless Inverter [10].

There are four modes of operation of the H6 topology. The two
of them are active modes, and the two remaining are freewheeling
modes. Figure No. shows the unipolar PWM technique for a single-
phase H6 transformerless inverter. In this modulation technique,
S2 isa complement to S1 and S3 is also complementary to S4. To
get a positive half cycle S1 and S4 should be turned on, and in this
output will be equal to input voltage [11, 12].

There are few decoupling topologies that mitigate the common
mode current are HS topology [13], H6 DC side topology [14,
15], H6 DC side_1 topology [16], H6 DC side 2 topology [16]
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FIGURE 3. Unipolar PWM technique for single H6 transformerless inverter



V. SIMULATION RESULTS
The Dual input DC-DC converter feeds two energy sources. One
is a solar panel, and the other is a battery. The Dual input DC-DC
converter regulates the desired voltage and provides it to the single-
phase transformerless inverter to convert it into AC voltage. The
main advantage of using a single-phase transformerless inverter is
that it ranges from low power to grid powers' high capacity. The
above whole process is simulated, tested, and verified in MATLAB

Simulink, shown in figure 04(a) and 4(b).
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FIGURE 4(a). The integration of solar panel and battery through dual input
converter and with Single phase Transformerless Inverter
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FIGURE 4(b). The integration of solar panel and battery through dual input
converter and with Single phase Transformerless Inverter

To see the voltage of phase voltage between leg A and ground, the
waveform of phase voltage across leg A and ground is shown in

figure 05. This waveform of the voltage has 500V maximum which
phase voltage of the inverter.
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Figure 5. The voltage between Phase A and ground.

To see the voltage of phase voltage between leg B and ground, the
waveform of Phase voltage across leg B and ground is shown in
figure 06. This waveform of the voltage is 500V peak and its phase
voltage of phase B.

FIGURE 6. The voltage between phase B and ground

To see the voltage of line voltage between leg A and leg B, the
waveform of line voltage cross leg A and leg B is shown in figure
07. This waveform is the line voltage across phase A and phase B.
which is 500V peak.

FIGURE 7. The voltage across phase A phase B.



The grid-connected in parallel with the load possess the voltage
shown in figure 08. The grid connected at the load side has
maximum of 300V and can be connected with main converter.

FIGURE 8. Grid voltage waveform

The waveform of the grid current is shown in figure 09. The grid
connected at the load side has maximum of 12A and can be
connected with main converter .
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FIGURE 9. Grid Current at the load side

VI. CONCLUSION

In this paper, the two energy sources are feed to the dual input DC-
DC converter. After regulating the DC voltage, it's given to the
single-phase transformerless H6 inverter. The main advantage of
this is that due to its non-isolating topology, the size, weight, and
cost have been minimized without affecting the system's
performance and efficiency. The integration of two renewable
energy sources is very challenging nowadays, and it has been
integrated into two sources: Battery and PV. The PV panel
provides 350V DC, and the battery is 300V, while these two
sources are feeding dual input give a regulated DC voltage of 400V
DC at its output. Due to the small size's advantage, the high
efficiency of the H6 inverter converting it into AC voltage and
supply it to the grid when needed.

VIIl. FUTURE WORK
By designing an efficient, fast dynamic response of the controller,
we can improve the power converters' performance. For this
purpose, digital controllers can implement FPGAs to get high

performance of the power converters

transformerless inverter.

like Single-phase
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