Design of PFC Boost Converter with Stand-Alone
Inverter for Microgrid Applications

Boddu Sujith
Department of Electrical Engineering
National Institute of Technology
Rourkela, India
boddusujith197 @gmail.com

Abstract— The AC\AC converter described in this work can be
employed in microgrids. The topology which is being brought
forward is used to connect a single-phase renewable energy
resource to the grid. The source is coupled to a single-phase PFC
boost converter, which enhances the input power factor and
maintains a regulated DC output voltage utilizing two feedback
loops: outer voltage loop control and inner current loop control.
The single-phase stand-alone inverter receives the output of the
PFC boost converter. A symmetrical sinusoidal output voltage
waveform should be produced and maintained by the inverter. The
transformer receives the inverter's output and offers isolation
between the grid and the source. The PFC boost converter receives
the transformer's output. The stand-alone inverter connected to
the grid receives the output of the PFC boost converter. The pulses
for the switches in the single-phase inverter coupled standalone
system was generated using a sinusoidal pulse width modulation
approach. Current Mode Control is modelled for varied load
fluctuations to ensure proper power flow from input to output.
There are two feedback loops: an outer voltage feedback loop and
an inside current feedback loop. The sinusoidal PWM approach is
considered for generating the switching pulses to the stand-alone
inverter. The simulation results are achieved by varying the load,
maintaining a constant voltage and observing whether the current
varies as the load changes.

Keywords—Power Factor Corrected (PFC), Stand-Alone Inverter,
microgrid, Pulse width modulation (PWM).

I.INTRODUCTION

The world is experiencing an energy crisis due to the rapidly
dwindling of fossil fuels and an over-reliance on non-renewable
sources. With the increased demand for electricity in recent
years, power shortages have become a critical issue. Renewable
energy resources are gaining traction as a result of their unique
characteristics, which enable them to meet the ever-increasing
demand. In comparison to traditional energy sources, they are
inexpensive, long-lasting, and have lower operating costs.
However, electric power is utilized and the sources from which
the electric energy is acquired are many. Microgrids that include
more than one type of electric power source are growing.
Designing and controlling such hybrid systems optimally are of
supreme importance. Interconnecting the microgrid to the
distribution network requires proper control and management of
the microgrid power flow. Such a requirement plays a pivotal
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role that deciding how advantageous it is to interconnect a
microgrid to the network.

When we select a ready-made uncontrolled source, we
typically find a significant amount of inherited disturbance in it,
which explains the conventional system's low power factor
operation. In power electronic devices, a diode bridge rectifier
converts alternating current to a constant DC current.
Alternatively, this front-end converter insulates itself from high
peaky and highly distorted grid current, resulting in a very low
Power Factor and high Total Harmonic Distortion [1-5]. The
Power Factor Correction circuit synchronizes the input voltage
and current waveforms [6-10]. The passive PFC and the active
PFC are the two main types of power factor correction
technologies.

An inverter converts the signal from a dc power source to an
AC one. A battery or rectifier can provide DC input [11-14].
Inverters can be classified as a square wave, quasi-square wave,
or low distorted sine wave based on their output waveform. Due
to their high Total Harmonic Distortion, square wave and quasi
square waveforms are only suited for low and medium power
applications; however, a higher quality waveform is required for
high power applications [15-19]. The power quality of a sine
wave is sometimes more important than its quantity. The use of
correct PWM control systems helps reduce harmonic distortion
[20-24].

There are six portions in this work. The first section is an
introduction, the second section describes the proposed
topology which contains the PFC boost converter and stand-
alone inverter, the system parameters are mentioned in the third
section, the fourth section contains the simulation results and the
fifth section gives the conclusions of the topology discussed in
the paper.

II. TOPOLOGY OF PFC BOOST RECTIFIER WITH
STAND-ALONE INVERTER

The topology consists of a PFC Boost rectifier, a stand-alone
inverter, a transformer is used for variation in voltages and to
provide isolation between source and grid. To get the
controllable voltage, the output of the transformer is again fed
to a single-phase PFC Boost rectifier, stand-alone inverter and
the output is fed to the AC load bus as shown in Fig.1.
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Fig. 1. PFC boost converter with the stand-alone inverter.

A. Single-Phase PFC Boost Converter

Fig. 2 shows a single-phase diode bridge rectifier with a
boost converter which is the key component of active PFC.
Different converter topologies can theoretically be extended to
the diode bridge rectifier and the dc-dc converter with filtering
and energy storage capabilities. The boost design is rather
simple, and it uses a variety of dedicated control techniques to
achieve low-distorted input currents and a power factor of near
unity. The output is also regulated by using the PFC boost
converter.
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Fig 2. PFC Boost Converter.
Since the current always passes between the 3

semiconductor elements, which are the 2 diodes and the diode
(or switch) S1, based on the situation of S1 whether it is on or
off, the converter in Fig. 2 has significant conduction losses. As
a result, the converter efficiency suffers, particularly at low
input voltage. A high switching frequency is also expected to
yield high power densities and quick transient responses from
the converter. When the shift frequency of a hard-switching
boost convertor increases, the output diode acting at high
voltage suffers respectable reverse recovery losses [5].

The switching pulses for the switch S1 are generated by
using the controller block diagram as shown in Fig. 3.

Fig. 3. Controller block diagram of PFC boost converter.

A sinusoidal reference for the current controller is generated
by detecting the peak in the AC voltage waveform. Firstly, the
voltage controller modifies the output voltage, and then the
current controller maintains the sinusoidal wave shape and has
control over the inductor current.[4] .

The reference current s and feedback current I, averaged
over the per-switching period can be used to keep the switching
frequency constant. Then I_is compared with |

e If ler > Iy, then the duty cycle is more than 0.5
e Ifler = I, then the duty cycle is equal to 0.5
e If ler < Iy, then the duty cycle is less than 0.5.

The inductor current is forced to stay between the maximum
and minimum of the triangular waveform by following the
reference sine wave, which is superimposed with a triangle
waveform. The reference current I is calculated using the error
voltage Ve (= Vet — Vour) and the boost converter's input voltage
Vin. The error of the s and I, is given to the PI controller which
is followed by the limiter. The output of the limiter is given to
the PWM generator which generates the pulses for the switch.
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Fig. 4. Switching pulses of PFC boost converter.



B. Single-Phase Stand-Alone Inverter
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Fig. 5. Stand Alone Inverter

The legs A and B are switched according to its reference in
the case of unipolar modulation. The following are the key
characteristics of this converter:

e With mirrored sinusoidal reference, Leg A and Leg B
are switched at a high frequency.

e S1,S3=0Nand S2, S4 = ON are the two possible
zero output voltage states.

Operating Modes:
There are four operating modes as shown in the Table. 1

MODES S1 Sz S3 S4 Vo
1 0 1 1 0 +Vbc
2 1 0 1 0 0
3 1 0 0 1 -Vbc
4 0 1 0 1 0

Table. 1. Operating modes of Full- Bridge Inverter

Mode 1: The power semiconductor switches S2 and S3 are
turned on in the positive active mode, while the remaining
switches are turned off, resulting in an output voltage of Vpc.
The output current is positive throughout this time.
Mode 2: The power semiconductor switches S1 and S3 are
turned on in the positive freewheeling mode, while the
remaining switches are turned off, resulting in an output voltage
of 0.
Mode 3: The power semiconductor switches S1 and S4 are
turned on in the Negative active mode, while the remaining
switches are turned off, resulting in a -Vpc output voltage. The
output current is negative while this is going on.
Mode 4: The power semiconductor switches S2 and S4 are
turned on in the negative freewheeling mode, while the
remaining switches are turned off, resulting in an output voltage
of 0.

As a result, Mode 1 and Mode 3 are energy delivery stages,
with energy from the source fed forward into the load. Modes 2

and 4 are freewheeling phases, and the energy from the AC filter
is likewise discharged to the load.
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Fig. 6. Switching Pulses of Inverter
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Fig. 7. Controller block diagram of the inverter.

The reference voltage to the PWM block is generated by
using the controller block diagram as shown in Fig. 7.

First, we find the difference between the reference voltage
(Vrer) and the output voltage (Vour). We have to properly set the
amplitude and frequency of the reference voltage. Now the
difference which is called the error is fed to a Pl controller. The
output of this gives a capacitor current. The capacitor current is
compared with the actual capacitor current (I¢) and the error is
fed to the PI controller which gives a reference voltage (Vpuises)-
The reference voltage is given to the PWM generation block.

The unipolar PWM technique is used for generating the
switching pulses. In the unipolar PWM technique, we require
two reference voltages that are out of phase with each other. The
reference voltage is compared with the triangular carrier wave.
The inverted and the non-inverted output of each comparator is
given to each switch as shown in Fig.8
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Fig. 8. Unipolar switching scheme

I11. SYSTEM PARAMETERS

Table. 2. Parameters of PFC boost converter.

Input Voltage(Vs) 230V
Switching frequency 25 kHz
Boost inductor 0.3mH
Capacitor 2000 pF
Output Voltage 400V
Table. 3. Parameters of stand-alone Inverter

Input Voltage 400V
Filter Inductor 4 mH
Filter Capacitor 470 pF
Output Voltage 240V

The source current waveform during constant load is shown
in Fig. 10.
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Fig. 10. Source current waveform with constant load.

0.1 0.2

The source current waveform when the load is varied is
shown in Fig. 11.
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IV. SIMULATION RESULTS

According to the simulation result shown in Fig. 9, the
source current and voltage are in phase. Consequently, the
power factor increases.
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Fig. 9. Voltage and current waveforms of the source.
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Fig. 11. Source current waveform due to load variations

The output voltage of a PFC Boost converter was simulated,
and the outcome was shown in Fig. 12.

600 1

500 1

400

Voltage(V)

300

200 1

I()() ' 1 L 1 A 1 A A
026 027 028 029 03 031 032 033 034

Time(sec)
Fig. 12. The PFC boost converter's output voltage waveform



From the simulation result in Fig. 13, t is evident that the
voltage is maintained constant.
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Fig. 13. The waveform of a stand-alone inverter's output

voltage.
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The output current waveform of the stand-alone inverter at
constant load is shown in Fig. 14.
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Fig. 14. Current waveform without any load variations
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From the simulation, it is evident that the current is varying

with the variations in the load.
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Fig. 15. Current waveform due to load variations
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V. CONCLUSION

In this paper, the working and the construction of the PFC
boost converter in the closed-loop along with a stand-alone
inverter in the closed-loop is discussed. The PFC boost
converter is used to improve the input power factor of the
converter and to maintain a regulated DC output voltage. The
stand-alone inverter is used to maintain a symmetrical
sinusoidal voltage irrespective of the load changes. The currents
and the voltages of the PFC boost converter and stand-alone
inverter with load changes are discussed. The simulation
findings verify the topology approaches.
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