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Abstract- In Renewable energy sources the voltage
range is governed by environmental conditions,
sunlight. The energy systems must be capable enough
for large input voltage and have operation like boosting
voltage and vice versa. This article illustrates a single
phase inverter topology as buck-boost inverter which
suits with extensive range of variations in the input. The
various operating modes, voltage gain, efficiency of
inverter are to be properly investigated, with the
selection for the turns ratio with combined inductors,
this inverter can be operated under both buck boost
operations. In timely operation of duty ratio with
AC/AC unit, coupled inductors voltage gain is achieved.
Various control strategies of inverter are to be analyzed
and compared. The power quality issues when
renewable energy sources are integrated with grid
through buck boost inverter are discussed. The
mitigation of various power quality problems are to be
designed and tested.

Index terms- AC/AC unit, Buck-Boost, Coupled
inductors, efficiency

I.INTRODUCTION

With the progress of engineering technologies there
is a enormous change industries and other wide
spread zones. As a result there is a big thrust for
energy, it has become the important factor of human
needs and management of energy is critical factor
too. Consequently, As energy sources are exhausting,
it is essential to make a focus towards renewable
resources. Photo voltaic conveys prior attention
compared to other sources because of availability and
low maintenance cost. The power obtained from solar
panel or PV cell is not fixed as it changes due to
environmental conditions, availability of sun light, so
in order to connect the power obtained from RES to
grid is difficult. In general there are two conventional
inverters: VSI and CSI. The VSI can only perform
only voltage buck operation, whereas the CSI
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performs boost operation. The voltage value of
photovoltaic cell varies rapidly. The inverter should
carry out both buck and boost operations.

When output is less with input fed DC source Full
Bridge Inverter (FBI) is usually utilized. In order to
get overcome from the complexity, the solutions are
to append transformer, it increase the system size,
expenditure. Latter one is employing 2 step structure.
This configuration requires inductors and capacitors;
it is not productive to the incorporation. This
arrangement has instability and less efficiency [1]-
[2]. In recent times different voltage regulation
topologies had been discussed.
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Fig.1 Transformer fed Conventional Inverter

}— — I|'r\"'.
[ w VA"

/ /e
0 /;’ 0C ;f
RES / / —
/ GRID
j/ 0c /M
/ /
;" .fx [ —_—

Fig.2 Two stage converter structure.

The voltage can be boosted up with addition of
passive elements to Z source inverter can [3]-[14].
Single step buck and boost inverter without a
transformer is proposed [10]. With distribution of
switches in the two step conversions, supplementary
devices like active components and eliminated and
passive components remain same.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 131



© January 2020 | IJIRT | Volume 6 Issue 8 | ISSN: 2349-6002

L at Q2
o th
S iy
*@03
I ¢ .= GRIO

Vi

Fig.3 Conventional inverter

The VSI diode assisted inverter can perform both
buck —boost operations with incorporating active and
passive components [11]. A switching inverter with
boost conversion is proposed with a analogous
voltage gain compared to ZSI and fewer passive
elements [13]. This configuration shows the similar
two step conversions structure, although they are not
considered as a single step inverters.

The problems of conventional solution in buck-boost
inverters can be overcome, a single stage converter is
proposed an inverter with buck and boost operation
incorporation of active components (ABI) and its
controlling methodologies. This Inverter be capable
of regulating the voltage in two modes.

I1. ANALYSIS OF THE CIRCUIT

The inverter is depicted in fig 4. A boost up AC unit
is added to circuit instead of transformer to boost the
voltage. Whereas the inverter unit performs voltage
regulation operation. This circuit has two parts, one is
conventional H-bridge inverter part (DC/AC) and the
latter is active part for AC/AC conversion depicted in
fig 5. The boosted output power which is obtained
after ac unit is then converted to 3 phase which is
suitable for grid.
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Fig.4 Structure of proposed Inverter
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Fig.5 Outline of work
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Here first block converts the DC voltage to AC
voltage and fed to sub sequent block of AC-AC to
boost .The Operation can be achieved by modifying
switches duty ratio, and AC to AC unit able to be as
transformer. SPWM technique applied to full bridge
part and voltage amplitude is constant as shown in fig
3. The primary component of voltage output (Vo)
peak is governed by degree of modulation, M.
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Fig.6 Gating signals of switches
When voltage of full bridge inverter VAB > 0, the
switches Q2, Q4 are always on and Q1, Q3 are
complementary on. Otherwise Q1, Q3 are always on
and Q2, Q4 are complementary on and the respective
equivalent circuits of both are indicated in Fig.7 (b).
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Fig.7(a) Equivalent circuit when Vab> 0
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Fig.7(b) Equivalent circuit when Vab<0

I11. OPERATING MODES

A. Buck Operation
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If applied voltage Vi is larger compared to referred
yield voltage Vop, the configuration works in buck
mode as Q1, Q2 be always on where Q3, Q4 switches
turned rotten. Here AC-AC unit will be in off state,
coupled inductors forms of series. Hence the
configuration is equals to single phase inverter with
LC filter as depicted in Fig.8

Duly changing degree of modulation M, the systems
produce a preferred voltage:

Vo =Vop Sin(wt) = ViMSin(wt) 1)
So,
— Yop
M= )

Fig.8 Counterpart path in buck operation

A. Boost Operation

In case of applied voltage V; is low compared with

peak value of V,. The configuration works in boost

where AC-AC unit takes place by altering switching

frequency and time duration of Q3/Q4. Fig shows

corresponding operation circuits. The indicator forms

L1, L2 are N1, N2. So turns ratio n=N2/N.

a) Model: Switches S3, S4, Q1, Q2 and Q4 are
twisted to work and corresponding path is as
below in Fig. 9(a).

Voltage across inductors is given by
Vi1 +VI2=—-Vo (3)

Fig.9(a) Operating mode 1
The voltage stress of Q3:

Vo
(1+n)

VQ3 = —Vil =

4)
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a) Mode2: Switches S3, S4, Q2, Q3 and Q4 are on,
corresponding path is below in Fig. 9(b).
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Fig .9(b) Operating mode 2
The voltage of the inductors:

Vi1=VIi2=0 (5)
voltage pressure of Q1:
V@1 =Vo (6)

a) Mode 3: Switches S1, S4, Q1, Q2 and Q4
twisted to work and corresponding lane as below

in Fig. 9(c).
Voltage across the inductors:
Vil+VIi2=Vi-Vo )

Fig. 9(c) Operating mode 3
voltage pressure of Q3:

ve3 =vi-vi1= 222 (8)
a) Mode 4: Switches S1, S4, Q2, Q3 and Q4
twisted to work and corresponding path is as

below in in Fig. 9(d).
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Fig. 9(d) Operating mode 4
The voltage of the inductors:

Vil = Vi 9)
The voltage stress of Q1:
VQl1=Vo+VI2=Vo+nVi (10)
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IV. SINGLE PHASE TO THREE PHASE
CONVERSION

The difficulty in conversion of 1 AC to 3¢ AC
exists for a long time. In various departments like
railway, industrial power systems and civil
engineering. In some areas like hill station it is
necessary to convert into 3 phase for supply to
machines, and railway, electric power locomotives.
Two stage inverters are largely used but disadvantage
is of high cost, less reliable, maintenance difficult.
There is urgent need to find alternate sources to solve
1$ to 3¢ conversion technologies, based on research
works a new technology were developed in some
way. The conversion circuit for 1¢ to 3¢ if power
factor < 600 be shown below in fig.10, is known as
capacitor and inductance converting way.
A

0, 3

Fig.10 Conversion circuit
Here output voltage degrees are equal and phase
angle is also 120° there are following formulas:

1  sing (\/§cos<p — sing )

wlL1 3X 1)
sin ¢ (vV3cosg + sin
ooy 2 Sine 3X<p ) 12)

The controlling method of 1® to 3® conversion are
given by equations (11) and (12), the SIMULATION
is as below in fig. 11 at power factor ¢ > 60
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Fig. 11 Simulation of 1® to 30
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V. SIMULATION

The simulation parameters and its values range are
tabulated as below in Tab.1 Fig.12 and Fig.13 shows
the simulation result under buck state during Vi is
200V. The Q1, Q2 switches are in on state all the
time and Q3,Q4 are correspondingly on resulting in
AC/AC unit with coupled inductors is off state.

Tab.1 simulation parameters

S. No | constraint Range

1 Input voltage (Vi) 50-200V

2 Output voltage (Vo) | 110Vv/415V

3 Inductors L1 : L2 300uH:300uH
4 Capacitor C 30uF

Fig.14 and Fig.15 shows simulation results under
boost operation at Vi 50V during which Q1-Q4 are
turned on to boost the input Fig. 18 and Fig.19 shows
the THD parameters for both conventional and
proposed models of boost operation.
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Fig.12 Vo and Vi in Buck mode
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Fig.13 Inductor current (iL1) in Buck Operation

o

Fig.14 Gating signals in Buck Operation
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Fig. 15 Vo and Vi in Boost Operation
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Fig. 16 Inductor current (iL1) in Boost Operation
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Fig. 17 Three phase power conversion

Fundamental (50Hz) = 415.2, THD= 0.42%
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Fig. 18 THD of Conventional Boost model
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Fundamental (50Hz) = 4155, THD=0.32%
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Fig 19. THD of Proposed Boost model

Tab.2 THD parameters
Parameter Conventional | Proposed
Boost Model- THD | 0.42% 0.32%
The above table 2 shows the THD values for buck
and boost modes of proposed model.

V1. CONCLUSION

A novel Inverter is projected in this article. The
circuit, working theory, strategies are discussed.
Switches are used in order to have voltage regulation
exclusive of passive elements. Hence maximum
density of power and regulation are gained.
Simulation results are presented with buck and boost
operation for input voltage are presented.
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