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ABSTRACT
The main idea of this project is to implement an inverter with two-way battery charging. The sources to charge a battery
are solar energy and AC main supply. The relay switches between the two sources. On sunny days, the irradiation will be
more, thus solar panel produces output greater than 12V, the battery gets charged with solar panel. When the output of the
PV array is greater than 12V, the battery gets charged with solar power. And when it is less than 12V, the relay switches
towards the AC mains supply, thus the battery charges through AC mains. The use of solar panel to charge the battery
gives an additional advantage of surplus power in case the power outage is prolonging. The theme of this Hybrid Inverter
is to provide an uninterrupted power supply by taking the advantage of solar power.
Keywords: Hybrid Inverter, Change Over Relay, Solar Panel, Battery.
1.INTRODUCTION:
Basically, an inverter is a power electronic device that converts direct current (DC) into alternating current (AC) at desired
output voltage and frequency [1]. For low and medium rating of power inverters, gate-controlled turn – off devices such as
BJT, MOSFET, IGBT, GTO etc., are used whereas for higher rating purpose Thyristor based inverters are used [2].
Depending upon the switching time of the semiconductor devices the output frequency of an inverter is determined.
The DC power input to the inverters may be from batteries, fuel cells, DC source and solar cells. But in most
industrial applications, the inverter is fed by a rectifier. The configuration of AC to DC converter and DC to AC in
inverter is called a DC link configuration [2]. Some of the applications of inverter are Variable speed AC motor drives,
Induction Heating, Aircraft power supplies, Uninterrupted power supplies, Battery- Vehicle drives, regulated voltage, and
frequency power supplies.
Hybrid inverters are the combination of solar inverters and battery inverters i.e., combining solar and battery inverters into
one-unit is known as hybrid inverter. Hybrid Inverter is also known as battery ready inverters. Hybrid Inverters can be used
for either off grid or on grid applications.
For On-Grid applications the inverter can select between battery solar or grid power dynamically for running the local
loads and must make decisions about when to change the Battery. Off grid (or) stand-alone power systems require powerful
battery inverter with inbuilt charges. Off Grid inverters cannot get synchronise with the grid, so they are designed to work
alone..
2. LITERATURE REVIEW:
Over the last few decades, the demand for electricity has increased due to many reasons like industrialization, irrigation
etc. The increasing demand of electricity led to necessity of uninterrupted power supply. For this purpose, they had to
invent a device that can used as a power back up. The device termed inverter was coined by David Prince. He mentioned in
an article that inverter is a device that converts Direct current into Alternating current (AC).
The increasing demand for home battery system led to many manufactures combining solar and battery
inverters into common unit these are referred to as Hybrid Inverter or Battery-Ready Inverters.
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3. BLOCK DIAGRAM:

Figure.1: Block Diagram of Hybrid Inverter with Solar Battery Charging

4. WORKING PRINCIPLE:
The basic principle of the hybrid inverter can be explained with the help of figure.1. Hybrid Inverter uses two sources to
charge a battery. When output from the charging circuit is less than 12V then battery charges through the main supply.
When output from the solar PV array is above 12V the battery charges with the solar power. This change over is done with
SPDT relay. The use of solar panel to charge the battery gives an additional advantage of surplus power in case the power
outage is prolonging.

5.COMPONENTS
5.1 SOLAR PANEL:
Solar panel, Solar cell panel or photo-voltaic (PV) module is an assembly of photo voltaic cells mounted in a single
framework for the purpose of electricity. Photo voltaic modules use light energy(photons) from the sun as a source of
energy to generate direct current through photovoltaic effect. A collection of solar cells is called a PV module, a collection
of PV modules is called a PV panel, and a system of PV panels is called an array [13]. The cells are electrically connected
in series, one to another to get the desired voltage and then in parallel to increase the current. The output power (in watts)
is the mathematical product of the voltage (in volts) and the current (in ampere) of the module. Most installations contain
multiple modules of solar panels to get the required amount of voltage and current. The Photo-voltaic Arrays are connected
to the inverter through battery to generate AC voltage. The most used solar technologies for industrial and home are solar
photovoltaics for electricity, solar water heating and passive solar design for space heating.
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Figure.2: I-V Curve of a solar cell

Figure.3 From a Solar Cell To PV System
5.2 12V SINGLE CHANGEOVER RELAY:
A relay is an automatic switching device by means of which an electrical circuit is indirectly controlled (opened or closed)
and is governed by a change in the same or another electrical circuit. Relays operate at low- voltages.
A change over relay is the most used relay. Change over relay uses a Form C contacts (change over contacts)
consists of a normally closed contact pair and a normally open contact pair which are operated by the same device; there is
a common electrical connection between a contact of each pair that results in three terminal connections [3]. When the coil
is energised the line switches to normally open contact, until the power to the energised coil is switched off, returning the
circuit to normally closed.

Figure.4 Change Over Relay
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The relays switch connections are usually labeled COM,NC and NO:
 COM = common, always connect to this is the moving part of the switch
 NC= Normally closed, COM is connected to the contact when the relay coil is off
 NO = Normally open, COM is connected to the contact when the relay coil is on
5.3 12V, 4.5 AH RECHARGABLE BATTERY:
A device that stores chemical energy and converts it to an electrical energy is referred as a battery. The chemical reactions
in a battery involve the flow of electrons from one electrode to another through an external circuit. The flow of electrons
causes an electric current. They are two basic types of batteries, primary and secondary batteries. Primary batteries cannot
be recharged, and they are “single use”. Dry cells and alkaline batteries are examples of primary batteries. Secondary
batteries are rechargeable. Secondary batteries found in devices such as smartphones, electronic tablets and automobiles.
Nickel-cadmium, Lead-acid, lithium ion are the examples of rechargeable batteries.
5.4 TRANSFORMER:
A transformer is a static device, which transfers electrical power from one voltage level to another voltage level keeping
the frequency constant with altered voltage which means it increases or decreases the voltage, based on the requirements of
the machine. Transformers are classified into two types
1. Step- Up transformer
2. Step-Down transformer
5.4.1Step-up Transformer:
A transformer that increases voltage from primary to secondary is known as step-up transformer. In step-up transformer
secondary winding turns are more than primary windings. In step up transformer, primary winding carries high current
and low current on the secondary side.
5.4.2Step- down transformer:
A transformer that converts the high voltage and low current from primary side of the transformer to the low voltage and
high current on the secondary side of the transformer is known as step down transformer. In step down transformer,
primary winding turns are more than the secondary turns.
5.5 DIODE:
A diode is a two-terminal electronic component which conducts current in only one direction [9]. It has low resistance in
one direction (Forward Direction) and high infinite in reverse direction.

Figure.5 Diode
5.6 LIGHT EMITTING DIODE:
A Light Emitting Diode (LED) is a semicinductor that emits light when current flows through it. Electrons in the
semiconductor combine with the electron hole pair, releasing energy in the form of photons. The colour of the light is
determined by the energy required for electrons to cross the band gap of the semiconductor.

Figure.6 LED
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6. HYBRID INVERTER SIMULATION:
6.1 SIMULINK MODEL OF RECTIFIER:
The conversion of AC to DC is known as rectification. The rectifier circuits comprise of either diodes (or) thyristors.
Rectifiers circuits using thyristors are known as controlled rectifiers. This is due to the reason that by changing the firing
angle of thyristor the output dc voltage can be controlled. Since thyristors are available in high voltage, high current
ratings, controlled rectifiers are used in many high power devices.
In constructing the circuit diagram of full wave rectifier we used diodes. The input to the rectifier is from AC
mains. Step-down transformer is connected in between the AC mains and the rectifier. The output of the rectifier is 12V
DC.

AC
Mains
Scope

Step-down
transformer

Figure.7: Simulink Model of Full Wave Centre Tapped Rectifier Circuit

Figure.8: Simulink results of full wave centre-tapped rectifier circuit
6.2 SIMULINK MODEL OF RELAY CIRCUIT:
The relay acts as a controlled switch between the solar supply and AC mains supply. The normally open port is connected
to the solar supply and normally closed port is connected to AC mains. The rated voltage of the relay is specified as 12V.
The upper current threshold of the relay is given by
I energized =

(1)

And the lower current threshold of the relay is
Ide-energized =
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SPDT relay
Solar panel

Figure.9: Simulink model of SPDT relay

Figure.10: Simulink Results of SPDT relay Circuit When the relay is energised
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Figure.11: Simulink Results of SPDT relay When the relay is not energised

7. HYBRID INVERTER WITH SOLAR BATTERY CHARGING:
Basically, the inverter does the operation of converting DC power into AC power. We had constructed the inverter using
MOSFET (Metal-Oxide semiconductor field-effect transistor). The inverter circuit can be charged either from AC mains or
Solar energy. The output of the solar panel is 12V DC. The DC output of the solar panel is given to the normally open port
of SPDT relay. The supply from the AC mains is not given directly to the change-over relay rather it is stepped down by a
step-down transformer, rectified and then given to the normally closed terminal of the relay. A rectifier converts
Alternating current into Direct current. When the output of the solar panel is greater than 12V the relay gets energised,
and the common terminal gets connected to normally open contact. The battery gets charged by taking the solar output as
input. The output of the battery is given as input to the inverter. The inverter converts 12V DC into AC. Thus converted
AC output is stepped up by a step-up transformer and is utilised by the load. When the solar panel is unable to energize the
battery then the common terminal of relay switches to normally closed terminal. The battery gets charged from the AC
mains supply which is stepped down by a step-down transformer and rectified. The inverter now gets input from AC
mains. AC input is converted to DC by an inverter.
Thus, it’s a combination of solar and battery inverters, these inverters are referred as battery ready inverters. The
stepped-up AC output can be utilized for On-Grid or Off-Grid applications. When there is a power outage, the battery gets
fully discharged and the battery dies out if the power outage is prolonging. In that case the battery can charge through the
solar energy and supply an uninterrupted power supply. Mostly, Hybrid inverters applications are hospitals, educational
institutions. We had used PV array, Step-down transformer, Rectifier, change over relay, Inverter, Step-down transformer,
PS-Simulink converter and Simulink-PS converter components for constructing hybrid inverter with solar battery circuit.
The output at the transformer secondary winding is 230V AC as shown in the figure 13.
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Figure.12: Simulink Model of Hybrid Inverter with Solar Battery Charging Circuit
7.1 OUTPUT:

Figure.13: Simulink Results of Hybrid Inverter with Solar Battery Charging Circuit
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8. ADVANTAGES:
1. LOW MAINTENANCE:
A solar hybrid inverter is a low maintenance system as no fuel is required and it does not require frequent servicing.
2. CONSTANT POWER SUPPLY:
As hybrid inverter with solar battery charging contains two sources of supply, in case of outage of one source, the
other can be used. The aid of storage batteries provides an uninterrupted power supply.
3. UTILISATION OF RENEWABLE RESOURCES:
The battery connected to the solar system ensures maximum utilisation of solar radiation on bright sunny days.
4. The generated power can be used for both off grid and on grid applications. In case if there no need of utilisation
purposes the inverter can be connected to the grid.

9. CONCLUSION:
The hybrid inverter with solar battery charging project provides an uninterrupted power supply. In this project one of the
sources is solar energy which is free of cost and pollution free. The solar energy can be used to charge the batteries and
stand as a back-up when power outage is prolonging. When there is no necessity of power usage for off grid, the inverter
can be connected to grid. All the circuits are designed for single phase system, it can be extended for three phase system
based on our requirements. In this project we had constructed the circuit using two sources solar energy and AC, but other
renewable sources can also be instead of solar energy.
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