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Abstract – The efficient design of inverter becomes
apparently a challenging job for both researchers and
scientists. The inverters can be broadly classified into two
categories such as two level and multilevel inverters. This
paper presents design and hardware implementation of two
levelinverter for many challenging and interesting
applications. Some advantages of two level inverters are
minimum amount of ripple contents, suitable for various
high switching frequency application and inclusion of various
pulse-width modulation (PWM) strategies. This
paperpresentsa hardware design of three phase,50 Hz,180◦
conduction mode of voltage source inverter. The three phase
output voltage has been tested under various load conditions.
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I. INTRODUCTION

In this present world scenario, there are two forms of
electrical transmission either direct current (DC) or
alternating current (AC) and each having their own
advantages and disadvantages.The power electronics
devices which converts DC power to AC power at
required output voltage and frequency level are known as
inverter. Different industrial application of inverters
includes adjustable-speed for AC drives, UPS
(uninterruptible power supply), HVDC transmission lines
and many more. The DC power input that inverter can use,
are basically power supply network rectifier fuel
cell[1].The inverter which produces an output voltage or a
current with levels either 0 or ± V [dc]are known as two
level inverters. However, in high power voltage
applications these two-level inverters have some
limitations in operating at high frequency mainly due to
switching losses and constraints of device rating [2].This
is where multilevel inverters are advantageous, increasing
number of voltage levels in the inverter without requiring
higher rating on individual devices can increase power
rating.The unique structure of multilevel voltage source
inverters, allowto reach high voltages with low harmonics
without use of transformers or series connected
synchronized switching devices. The harmonics content of
the output voltage waveforms decreases significantly [3].

In this paper hardware design of three phase voltage
source inverter remains 1800 conduction mode. The
implement of VSI was tested various load conditions. The
output waveforms were shown with the help of four
channels digital storage oscilloscope.

II. VOLTAGE SOURCE INVERTER MODEL

The design and prototype testing of a DC to AC inverter
which efficiently transforms a DC voltage source to a high
voltage AC source similar to the power delivered through
an electrical outlet (200Vrms, 50Hz) with a power rating
of approximately 6000W has been carried out here.
Electronic devices can be run usingAC power,or by
batteries and some forms of power through generating
machine or rotating alternator through
A. Power MOSFET

A three phase voltage source inverter implements six
power MOSFETs. The voltage and current rating are 200
V and 30 A respectively.

Fig.1. N-channel Power MOSFET

The IRFP250 was selected as it is more than capable of
handling the high power requirements.
B. Optical coupler

An optical-coupler MCT2E is a device that uses a short
optical transmission path to transfer a signal between the
power MOSFET bridge and the PIC microcontroller. An
optical coupler is a combination of light source and a
photosensitive detector. In the optical coupler the coupling
is achieved by light being generated on one side of a
transparent insulating gap and being detected on the other
side of the gap without an electrical connection between
the two sides. The advantage of optical coupler is as
follow:

Fig.2. Optical coupler
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1. The size and weightof Relays are much larger, and
heavier.

2. Solid state, no moving parts, so no metal fatigue.
3. Optical-couplers are more suited to digital electronics,

because they don’t have moving partsthey can switch
on and off much quicker than a relay.

4. Less current required to activate than a relay coil.
5. The input signal’s impedance is changing. This

problem can be nullify by using circuit having an
optical coupler to split the signal removes this issue.

C. PIC Microcontroller:-
Peripheral Interface Controller (PIC) is a single chip

microcontroller having six MOSFETs that need to be
controlled. This can be done either with analog circuit or a
microcontroller.

All the above mentioned methods are analog designs of
inverter. In this study, we had implemented digital
inverter. The proposed alternative approach is to replace
the conventional method with the use of microcontroller.
Theuse of microcontroller brings the flexibility to change

the real-time control algorithms without further changes in
hardware. Another advantage is that, it is of low cost and
has a small size of control circuit for the single phase full
bridge inverter. We have chosen microcontroller PIC
16F877A.

The gate pulses for six power MOSFETs are generated
with the help of PIC16F877A microcontroller, that is 8 bit
microcontroller [4]. The VSI is operated in 1800

conduction mode. We are writing the program where three
factors had been considered. (i) Each pulse has 10 ms ON
period (ii) 10 ms OFF period and (iii) a time delay of 3.33
ms between the firing pulses of adjacent MOSFETs.

There are six MOSFETs that need to be controlled. This
can be done either with analog circuits or a
microcontroller. In this case, we chose the microcontroller
over the analog system for several reasons. First, it would
be simpler to adapt. With an analog system, it would be
difficult to make changes for the desired output. In many
cases, this is a desired trait, as it would be designed for a
single purpose and therefore a single output.

Fig.3. Block diagram of Voltage Source Inverter

However, as this is something that is designed to be
available all over the world, it needs to be adjustable to
different standards of frequency and voltage. With an
analog circuit, this would require a different circuit that, it
would have to switch over to, while with a micro-
controller, it merely requires a change in the program’s
code. The second advantage of using a microcontroller is
that it can allow for easy feedback to control the power
flowing through the load.

One of the problems that can occur with systems like
this is that the variances in load can cause variances in the
supplied current and voltage. With a microcontroller, it is
possible to have it “look” at the power output and change
the duty cycle based on whether or not the load requires
additional power or is being oversupplied.

Fig.4. Pin diagram of 8-bit microcontroller
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III. IMPLEMENTATION

Designing an inverter becomes a complex pro position.
It does become easier when broken down into its
component steps. The following sections gives a detail
about each component which is shown in the figure 3. This
section also shows how each part is constructed and
interacts with other blocks to result in the production of a
200V output voltage.

By this, the assumption is made that the high-voltage
DC source already exists, whether it is from a transformer
or a boost converter. There are many examples of those
already on the market and they are outside the scope this
proposed work. The block diagram in this figure shows the
three steps we need to generate the output signal. The
signal is generated within the microcontroller.

In the power electronics protection ofsnubber circuit is
important area.In the case of the inverter, inductive loads
can cause special problems because aninductor cannot
instantly stop conducting current. It must be dampened or
diverted so that the currentdoes not try to flow through the
open switch. If it does not get dampened the surges can
cause trouble in the MOSFETs which is used to produce
the output sine wave; when a MOSFET is turned off the
inductive load still wants to push current through the
switch, as it has nowhere else to go. This action can cause
the switch to be put under considerable stress, the rate of
change of voltage and rate of change of current. Here V
and I are associated with this problem can cause the
MOSFETs to malfunction and break.

IV. SIMULATION RESULTS AND DISCUSSION

In this section, the performance of three phase voltage
source inverter simulation result shown in figure 5.

Fig.5. Phase voltage waveforms 180 degree conduction
mode VSI

Fig.6. Line voltage and line current waveforms

The performance of three phase voltage source inverter
is tested in power electronics laboratory. The line voltage
and line current for star connected load, 180◦ conduction
mode of three phase VSI in shown in figure 6.
The phase voltage and current for star connected load
shown in figure 7,

Fig.7. Phase voltage and phase current waveforms

V. CONCLUSION

This paper provides a comprehensive analysis of the
two-level inverter. A number ofissues were investigated,
including the inverter configuration, operating principle
etc. The microcontroller based two-level inverter reduces
theharmonic components of the output voltage compared
with the traditional three phaseinverter at the same
switching frequency. It needs no additional reactors or
transformersto reduce the harmonic components. Thus it is
suitable for medium voltage and high voltage application.
In future, the two-level inverter will be implemented for
varying load applications.
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Fig.7. Phase voltage and phase current waveforms

V. CONCLUSION

This paper provides a comprehensive analysis of the
two-level inverter. A number ofissues were investigated,
including the inverter configuration, operating principle
etc. The microcontroller based two-level inverter reduces
theharmonic components of the output voltage compared
with the traditional three phaseinverter at the same
switching frequency. It needs no additional reactors or
transformersto reduce the harmonic components. Thus it is
suitable for medium voltage and high voltage application.
In future, the two-level inverter will be implemented for
varying load applications.
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