CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction

Electricity generation is the process of generating electric power from primary energy
sources. Energy conversion processes include thermoelectric (heat-to-electric energy), steam
engines (heat-to-mechanical energy), and more. Over the past years, advancements in
engineering technology have become highly attractive to power industries, particularly in
power electronics applications. The primary motivation behind the development of inverters
has been the generation of output signals with low harmonic distortion and reduced switching
frequency. This has enabled the conversion from DC power to conventional AC power,
suitable for devices such as electric lights, kitchen appliances, power tools, and television sets
[1,3].

From the late nineteenth century through the mid-twentieth century, DC-to-AC power
conversion was achieved using rotary converters or motor-generator (MG) sets. In the early
twentieth century, vacuum tubes and gas-filled tubes began to be used as switches in inverter
circuits.

The term "inverter" originates from early electromechanical inverters. Early
AC-to-DC converters used an induction or synchronous AC motor directly connected to a
generator (dynamo), reversing its connections at precise moments to produce DC. A later
development, the synchronous converter, combined motor and generator windings into one
armature with slip rings at one end and a commutator at the other, within a single field frame.
The result was AC-in, DC-out. With an MG set, the DC could be considered separately
generated from the AC; with a synchronous converter, it was "mechanically rectified AC."
With appropriate auxiliary and control equipment, an MG set or rotary converter could be
"run backwards," converting DC to AC—hence the term "inverter."

Over the years, electricity has been generated using methods such as solar, thermal,
wind, and electric generators. These methods have proven reliable and sufficient. However,
due to inadequate energy sources, the need for standby supply has led to the development of
inverters as an alternative means [4].

Solar energy, a renewable and sustainable power source, has gained significant
attention in recent years. Solar-powered inverters integrate solar panels, charge controllers,
batteries, and inverters to provide a reliable and eco-friendly power supply. Solar panels

convert sunlight into DC electricity, which is then used to charge batteries through a charge



controller. The inverter converts the DC power from the batteries into AC power for

household use.

2.2 THE INVERTER

An inverter is a device that converts DC power from sources such as batteries into AC

power. In a solar-powered inverter system, the DC power is sourced from solar panels. Figure

2.1 shows the inner circuitry of an inverter power system.

Fig. 2.1: Inverter inner circuitry.

An uninterruptible power supply (UPS) uses batteries and an inverter to supply AC

electrical power when main power is not available. When main power is restored, a rectifier

supplies DC power to recharge the batteries. An inverter can also be defined as an electronic

device or circuitry that changes direct current (DC) to alternating current (AC). The input

voltage, output voltage, frequency, and overall power handling depend on the design of the

specific device or circuitry. The inverter does not produce any power; the power is provided

by the D.C. source. The basic circuit of the inverter comprises the following parts:

a Charger Section
b. Rectifier Section
c. DC-AC Converter
d. Drivers Section/FET Gang
e. Inverter Module
f. Transformation Section
a. Charger Section: The charger card basically senses the AC input and then generates

the silicon-controlled rectifier triggering pulse. The feature for the soft start is

incorporated in this card using the concept of sawtooth generation and then its

conversion into the triggering pulses, which eventually get transported through the

pulse transformer to the output connector of the charger card with its other end

connected to the SCR module.
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Rectifier Section: The rectifier module used is a full-wave semi-controlled rectifier
with two SCRs and two diodes in single phase. In the case of a three-phase system,
the rectification is full-controlled, and six SCRs are used for this ¢. DC-AC
Converter: This card is responsible for generating the DC voltages (+15V and +5V)
to supply it to the other cards. It accepts its input from the tapping over the DC
capacitors. The input DC through a fuse is converted into AC and amplified using a
TOP switch. This is then fed to a transformer with multiple tappings at its secondary.
The AC from the tappings is then rectified through diodes and given to voltage
regulators, eventually producing the voltage sources of +15V and +5V. These voltages
are then used as a power supply for all other cards.

Driver Section: The driver card primarily has two features:

. To provide isolation of the control circuit from the power circuit.

To block the PWM pulses, forcing the UPS to go into protection in case of a short
circuit at the output end.

Inverter Section: In this section, conversion of DC to AC is done. The technology of
PWM triggering is implicated over the IGBT-based inverters. PWM generated by the
DSP card through the driver card, providing electrical isolation, reaches the IGBTs’
gate and emitter terminals. Using this high-frequency triggering, the IGBTs produce
the AC output from the DC link.

Transformation Section: This card is basically used to sense the input and output
voltages and their conversion into a low-voltage AC for further processing.

Solar Panels: Convert sunlight into DC electricity to charge the batteries via the
charge controller.

Charge Controller: Regulates battery charging from solar panels, ensuring

optimalcharging and preventing overcharging.

Common Components of Inverter
MOSFET:

It is a switching device used to convert AC into DC. It comes in different ratings for

different capacities of inverters, e.g., Z44, IRF3205, IRF2807, P55.

2.3.2

Transistor:

It has the same appearance as MOSFETs and is used for signal (voltage and current)

amplification in the circuit. It was also used as a switching device earlier. Now, MOSFETs

and IGBTs are used in place of it, e.g., BC547, BC557, BD139, etc.



2.3.3 Regulator:

It is a device used to regulate the voltage coming at its input and supply that voltage
to the device. For example, a device operates on a 12V supply, and the supply is coming more
than this, so we use a 12V regulator to give a 12V supply to it, e.g., 7812, 7805, etc.

2.3.4 Zener Diode:

A Zener diode is a type of diode that permits current to flow in the forward direction
like a normal diode but also in the reverse direction if the voltage is larger than the
breakdown voltage known as the Zener knee voltage or Zener voltage. Zener diodes are
widely used to regulate the voltage across a circuit.

2.3.5 Relay:

A relay is an electrical switch that opens and closes under the control of another
electrical circuit. In its original form, the switch is operated by an electromagnet to open or
close one or many sets of contacts. It is used as a changeover device in inverters to switch
from mains to inverter and inverter to mains, e.g., 40A/12V, 63A/12V.

24 Classification of Inverter
Inverters can be classified into three broad types:

1. Stand-Alone Inverters: This type of inverter is used in isolated systems where the
inverter draws its DC energy from batteries charged by photovoltaic arrays. Many
stand-alone inverters also incorporate integral battery chargers to replenish the battery
from an AC source when available. Normally, these do not interfere in any way with
the utility grid and, as such, are not required to have anti-islanding protection.

2. Grid-Tied Inverters: These inverters match phase with a utility-supplied sine wave.
Grid-tie inverters are designed to shut down automatically upon loss of utility supply
for safety reasons. They do not provide backup power during utility outages.

3. Battery Backup Inverters: These are special inverters designed to draw energy from
a battery, manage the battery charge via an onboard charger, and export excess energy
to the utility grid. These inverters are capable of supplying AC energy to selected
loads during a utility outage and are required to have anti-islanding protection.

2.5 Advantages and Disadvantages of Inverter
A number of advantages include:

1. Itis virtually always on.

2. It has no running cost.

3. It brings about the protection of appliances.

4

It changes automatically when the mains goes off.



It is easy to maintain.
Reduced electricity bills.

Environmental friendliness.
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Energy independence.

One of the disadvantages of an inverter is the High initial cost, including solar panels, charge
controllers, and batteries for solar-powered systems.

2.6  Things to Consider Before Buying an Inverter

Since it would cost quite some money for procurement, it is important to ensure that
you get good quality that matches your expenditure, i.e., plan for value for money principle.
So, be sure of your source and that the quality you get is what you paid for. These things
include:

a. Output Waveform

There are two major types of inverter output waveforms available in the market:
square waveform inverters and pure sine waveform inverters.
i. Square Wave Inverters:

As the name suggests, the waveform of the output current from this type of inverter is
square. The current we get from the grid is neither square wave nor pure sine wave; it’s
nearly sine wave. So, electronic devices like fans and tube lights will emit some buzz noise
while operating on square wave current. Of course, square wave current won’t spoil your fan
or tube light. In some rare cases, these square wave inverters have spoiled the speed control
dimmers of ceiling fans. The main reason for this fault is high voltage output [6].

Normally, the voltage output from square wave inverters is between 230 volts to 290
volts; hence, it’s not recommended for sensitive electronic devices like computers. I am just
saying “it’s not recommended” based on some experiments carried out and proper
observation. But desktop computers and laptops will operate flawlessly on square wave
inverters. As desktop PCs are equipped with SMPS, the current from the square wave inverter
won’t make any big disturbances in the computer.

2.6.1 Other Names of Square Wave Inverter:

Some inverter UPS manufacturers name their products as digital inverters,
modified-sine wave, trapezoidal waveform, stepped time wave, quasi time wave, etc.; all
these are nothing but square wave inverters. So, it’s pertinent and advisable that one reads
carefully the specification of the inverter before purchasing.

b. Pure Sine Wave Inverter:



Pure sine wave inverters provide the purest form of current to your sensitive devices.
Most probably, the current from this type of inverter is very safe for desktop computers,
laptops, camera batteries, cell phone chargers, mixers, small household water pumping
motors, as shown in Figure 2.3, etc.

This type of inverter will save your current bill compared to square wave inverters.

Pure Sine Wave

Current

Fig. 2.3: Pure sine wave
No Fan Speed Difference and Noise in square wave inverters:

When power goes off, the speed of the ceiling fan will increase slightly and make
some buzz sound, whereas in pure sine wave inverters, the speed of the fan remains the same
and makes no noise. You cannot feel the difference when power goes out.

c. Output Frequency:

The AC output frequency of a power inverter device is usually the standard power

line frequency, 50 or 60 hertz. If the output of the device or circuit is to be further conditioned

(for example, stepped up), the frequency may be much higher for good transformer efficiency

8].

d. Output Voltage:

The AC output voltage of a power inverter device is often the same as the standard
power line voltage, such as household 120V or 240V. This allows the inverter to power
numerous types of equipment designed to operate off the standard line power.

The designed-for output voltage is often provided as a regulated output. That is,
changes in the load the inverter is driving will not result in an output voltage change from the
inverter. In a sophisticated inverter, the output voltage may be selectable or even continuously
variable.

e. Output Power:



A power inverter will often have an overall power rating expressed in watts (W) or
kilowatts (kW). This describes the power that will be available to the device and the power
that will be needed from the DC source. Smaller popular consumer and commercial devices
designed to mimic line power typically range from 150 to 3000 watts[9].

Not all inverter applications are primarily concerned with brute power delivery; in
some cases, the frequency and/or waveform properties are used by the follow-on circuit or
device.

Other things to consider when buying an inverter may include inverter size, warranty,
durability, and portability, etc.
2.7 Batteries:

A battery is a combination of one or more electrochemical galvanic cells that store
chemical energy that can be converted into electric potential energy, creating electricity. Since
the invention of the first voltaic pile in 1800 by Alessandro Volta, the battery has become a
common power source for many household and industrial applications. The name ‘battery’
was coined by Benjamin Franklin for an arrangement of multiple “Leyden jars” by analogy to
a battery of cannon.

If energy is induced in the chemical substance by applying an external source, it is
called a secondary battery or rechargeable battery. Examples of secondary cells are the
lead-acid cell, nickel-cadmium cell, nickel-iron cell, nickel-zinc cell, etc.

When the energy is inherently present in the chemical substance, it is called a primary
cell, e.g., zinc-chlorine cell, alkaline manganese cells. Batteries convert chemical energy
directly to electrical energy. A battery consists of some number of voltaic cells. Each cell
consists of two half-cells connected in series by a conductive electrolyte containing anions.

A battery is a vital part of an inverter. The performance and life of an inverter largely depend
on its battery. There are several classifications of inverter batteries. Here are a few of
them[11].

2.8  Types of Batteries

a. Lead ACID Batteries

Lead acid batteries are the most common inverter batteries. They are rechargeable and
produce a large amount of current. They are light in weight and most economical. They
usually last for a period of 3-4 years but require regular maintenance. The electrolyte level
check and topping up have to be done regularly. They also release harmful gases during
charging and discharging, so they must be installed in a well-ventilated place in homes or

offices. When one cannot afford the deep cycle sealed maintenance-free battery, ideally



recommended for your inverter, you can still consider the option of wet cell batteries. They
cost far less and can serve you reasonably, though you must realize that they are more
challenging to manage. Besides, if they are not deep cycle, they are not designed for deep
discharge, which may affect their durability. Good quality wet cell batteries have, however,

given satisfactory performance in use.

b. Tubular Batteries

Tubular batteries are the most popular and efficient inverter batteries. They have a
complex design, great efficiency, longer operational life (8+ years), and low maintenance.
Because of so many advantages, they are costly.
NOTE: Lead-acid batteries, otherwise known as wet cells, use liquid electrolytes, which are
prone to leakage and spillage if not handled correctly. Many use glass jars to hold their
components, making them fragile. These characteristics make lead-acid batteries unsuitable
for portable appliances. Near the end of the nineteenth century, the invention of dry cell
batteries, which replaced the liquid electrolyte with a paste, made portable electrical devices
practical. These flaws encountered with lead-acid batteries give sealed maintenance-free
batteries (SMF) an edge over others.
2.8.1 Inverter Battery Connection

The runtime of an inverter is dependent on the battery power and the amount of power
being drawn from the inverter at a given time. As the amount of equipment using the inverter
increases, the runtime will decrease. To prolong the runtime of an inverter, additional
batteries can be added to the inverter. When attempting to add more batteries to an inverter,
there are two basic options for installation: series configuration and parallel configuration.
a. Series Configuration:

If the goal is to increase the overall voltage of the inverter, one can connect batteries
in a series configuration, as shown in Figure 2.4. In this type of connection, if a single battery

dies, the other batteries would not be able to power the load.



Batteries Joined in Series
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Fig. 2.4: Batteries Connection
b. Parallel Configuration:
If the goal of the connection is to increase capacity and prolong the runtime of the
inverter, batteries can be connected in parallel, as shown in Figure 2.5. This increases the

overall Ampere-hour (Ah) rating of the battery set.

Batteries i Parallel




