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INTRODUCTION 

In daily life, when electrical motors operate excess energy is obtained in the 

system. Motors used in pumping system. For example use to much energy to start and 

they should be turned on and off continuously for some cases. 

While runing such engine systems by the help of an extra belt and flywheel 

mechanism can transfer the extra energy produced to low power systems to operate 

them by rotating an alternator, to save energy. 
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ABSTRACT 

In this Project the electrical energy is converted to mechanical energy and then 

the mechanical energy is converted to electrical energy and in this way an energy gain is 

achieved. This system is build and operated. 

The system equipment and the properties of these equipment are explained in 

detail in the text. The system is designed according to the specifications of the 

equipment used. 

Special case should be taken while working with the system as high-voltage and 

high-speed elements are present in the system. 
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CHEPTERl 

POWER INVERTER 

A power inverter, or inverter, is an electronic device or circuitry that changes 

direct current (DC) to alternating current (AC). 

The input voltage, output voltage and frequency, and overall power handling, are 

dependent on the design of the specific device or circuitry. 

A power inverter can be entirely electronic or may be a combination of 

mechanical effects (such as a rotary apparatus) and electronic circuitry. Static inverters 

do not use moving parts in the conversion process. 

1.1 Input and output 
1.1.1 Input voltage : 

A typical power inverter device or circuit will require a relatively stable DC 

power source capable of supplying enough current for the intended overall power 

handling of the inverter. Possible DC power sources include: rechargeable batteries, DC 

power supplies operating off of the power company line, and solar cells. The inverter 

does not produce any power, the power is provided by the DC source. The inverter 

translates the form of the power from direct current to an alternating current waveform. 

The level of the needed input voltage depends entirely on the design and purpose 

of the inverter. In many smaller consumer and commercial inverters a 12V DC input is 

popular because of the wide availability of powerful rechargeable 12V lead acid 

batteries which can be used as the DC power source. 

1.1.2 Output waveform : 

An inverter can produce square wave, modified sine wave, pulsed sine wave, or 

sine wave depending on circuit design. The two dominant commercialized waveform 

types of inverters as of 2007 are modified sine wave and sine wave. 
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There are two basic designs for producing household plug-in voltage from a 

lower-voltage DC source, the first of which uses a switching boost converter to produce 

a higher-voltage DC and then converts to AC. The second method converts DC to AC at 

battery level and uses a line-frequency transformer to create the output voltage. 

1.1.2.1 Square wave : 

This is one of the simplest waveforms an inverter design can produce and 

is useful for some applications. 

: : 

.------ii J ·····~, I 

Fig . 1.1.2.1 Square wave 

1.1.2.2 Sine wave: 

A power inverter device which produces a smooth sinusoidal AC 

waveform is referred to as a sine wave inverter. To more clearly distinguish 

from "modified sine wave" or other creative terminology, the phrase pure sine 

wave inverter is sometimes used. 

Fig. 1.1.2.2 Sine wave 
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In situations involving power inverter devices which substitute for 

standard line power, a sine wave output is extremely desirable because the vast 

majority of electric plug in products and appliances are engineered to work well 

with the standard electric utility power which is a true sine wave. 

At present, sine wave inverters tend to be more complex and have 

significantly higher cost than a modified sine wave type of the same power 

handling. 

1.1.2.3 Modified sine wave : 

The terminology "modified sine wave" has come into use and refers to an 

output waveform that is a useful rough approximation of a sine wave for power 

translation purposes. 

The waveform in commercially available modified-sine-wave inverters is 

a square wave with a pause before the polarity transition, which only needs to 

cycle through a three-position switch that outputs forward, off, and reverse 

output at the pre-determined frequency. Switching states are developed for 

positive, negative and zero voltages as per the patterns given in the switching 

Table 2. The peak voltage to RMS voltage do not maintain the same relationship 

as for a sine wave. The DC bus voltage may be actively regulated or the "on" 

and "off' times can be modified to maintain the same RMS value output up to 

the DC bus voltage to compensate for DC bus voltage variation. 

The ratio of on to off time can be adjusted to vary the RMS voltage while 

maintaining a constant frequency with a technique called PWM. The generated 

gate pulses are given to each switch in accordance with the developed pattern 

and thus the output is obtained. Thus the Simulink model and output voltage 

waveform of Asymmetric multilevel inverter circuit uses asymmetric voltages 

sources to produce 27 levels.Harmonic spectrum in the output depends on the 

width of the pulses and the modulation frequency. When operating induction 

motors, voltage harmonics is not of great concern, however harmonic distortion 
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in the current waveform introduces additional heating, and can produce pulsating 

torques. 

Fig. 1.1.2.3 Modifild sine wave 

Numerous electric equipment will operate quite well on modified sine 

wave power inverter devices, especially any load that is resistive in nature such 

as a traditional incandescent light bulb. 

Most AC motors will run on MSW inverters with an efficiency reduction 

of about 20% due to the harmonic content. 

1.1.2.4 Other waveforms : 

By definition there is no restriction on the type of AC waveform an 

inverter might produce that would find use in a specific or special application. 

1.1.3 Output frequency : 

The AC output frequency of a power inverter device is often the same as the 

standard power line frequency, for example 60 or 50 cycles per second. 

If the output of the device or circuit is to be further conditioned (say stepped up 

by a follow on transformer) then the frequency may be much higher for good 

transformer efficiency. 

1.1.4 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 AC or 240V AC. This allows the 

inverter to power numerous types of equipment designed to operate off the standard line 

power. 
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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 output voltage change from 

the inverter. 

In a sophisticated inverter, the output voltage may be selectable or even 

continuously variable. 

1.1.5 Output power : 

A power inverter will often have an overall power rating expressed in watts or 

kilowatts. This describes the power that will be available to the device the inverter is 

driving and, indirectly, 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. 

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. 

1.2 Applic_ations 
1.2.1 DC power source utilization : 

An inverter converts the DC electricity from sources such as batteries or fuel 

cells to AC electricity. The electricity can be at any required voltage; in particular it can 

operate AC equipment designed for mains operation, or rectified to produce DC at any 

desired voltage. 

1.2.2 Uninterruptible power supplies : 

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

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

supplies DC power to recharge the batteries. 
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1.2.3 Electric motor speed control : 

Inverter circuits designed to produce a variable output voltage range are often 

used within motor speed controllers. The DC power for the inverter section can be 

derived from a normal AC wall outlet or some other source. Control and feedback 

circuitry is used to adjust the final output of the inverter section which will ultimately 

determine the speed of the motor operating under its mechanical load. Motor speed 

control needs are numerous and include things like: industrial motor driven equipment, 

electric vehicles, rail transport systems, and power tools. Switching states are developed 

for positive, negative and zero voltages as per the patterns given in the switching Table 

1. The generated gate pulses are given to each switch in accordance with the developed 

pattern and thus the output is obtained. Thus the Simulink model and output voltage 

waveform of Symmetric multilevel inverter 

1.2.4 Power grid : 

Grid-tied inverters are designed to feed into the electric power distribution 

system. They transfer synchronously with the line and have as little harmonic content as 

possible. They also need a means of detecting the presence of utility power for safety 

reasons, so as not to continue to dangerously feed power to the grid during a power 

outage. The subsystem which includes sinusoidal and triangular subsystem brief about 

the comparison of sine wave which is the modulated signal and is compared with carrier 

signal. When the reference signal is greater than or equal to carrier signal, then the 

output waveform is above the reference and otherwise it will be below the reference. 

1.2.5 Solar : 

A solar inverter can be fed into a commercial electrical grid or used by an off 

grid electrical network. Solar inverters have special functions adapted for use with 

photovoltaic arrays, including maximum power point tracking and anti-islanding 

protection. Micro-inverters convert direct current from individual solar panels into 

alternating current for the electric grid. They are grid tie designs by default. 
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1.2.6 Induction heating : 

Inverters convert low frequency main AC power to higher frequency for use in 

induction heating. To do this, AC power is first rectified to provide DC power. The 

inverter then changes the DC power to high frequency AC power.Due to the reduction 

in the number of DC Sources employed the structure become more reliable and the 

output voltage has higher resolution due to increase in the number of steps and the 

reference sinusoidal voltage can be better achieved. This configuration recently 

becomes very popular in AC power supply and adjustable speed drive applications. This 

new inverter can avoid extra clamping diodes or voltage balancing capacitors There are 

three kinds of level shifted modulation techniques, namely; 

Phase Opposition Disposition (POD) 

Alternative Phase Opposition Disposition (APOD) Phase Disposition (PD) 

1.2. 7 HVDC power transmission : 

With HVDC power transmission, AC power is rectified and high voltage DC 

power is transmitted to another location. At the receiving location, an inverter in a static 

inverter plant converts the power back to AC. The inverter must be synchronized with 

grid frequency and phase and minimize harmonic generation. 

1.2.8 Electroshock weapons : 

Electroshock weapons and tasers have a DC/ AC inverter to generate several tens 

of thousands of V AC out of a small 9 V DC battery. First the 9VDC is converted to 

400-2000V AC with a compact high frequency transformer, which is then rectified and 

temporarily stored in a high voltage capacitor until a pre-set threshold voltage is 

reached. When the threshold (set by way of an airgap or TRIAC) is reached, the 

capacitor dumps its entire load into a pulse transformer which then steps it up to its final 

output voltage of 20-60 kV. A variant of the principle is also used in electronic flash 

and bug zappers, though they rely on a capacitor-based voltage multiplier to achieve 

their high voltage. 
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1.3 Circuit description 
1.3.1 Basic designs : 

In one simple inverter circuit, DC power is connected to a transformer through 

the center tap of the primary winding. A switch is rapidly switched back and forth to 

allow current to flow back to the DC source following two alternate paths through one 

end of the primary winding and then the other. The alternation of the direction of 

current in the primary winding of the transformer produces alternating current (AC) in 

the secondary circuit. 

Vee 

I I 
•••• 

Output 

Output 

Fig. 1.3.1.1 Basic power inverter circuit 

The electromechanical version of the switching device includes two stationary 

contacts and a spring supported moving contact. The spring holds the movable contact 

against one of the stationary contacts and an electromagnet pulls the movable contact to 

the opposite stationary contact. The current in the electromagnet is interrupted by the 

action of the switch so that the switch continually switches rapidly back and forth. This 

type of electromechanical inverter switch, called a vibrator or buzzer, was once used in 

vacuum tube automobile radios. A similar mechanism has been used in door bells, 

buzzers and tattoo machines. 
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As they became available with adequate power ratings, transistors and various 

other types of semiconductor switches have been incorporated into inverter circuit 

designs. Certain ratings, especially for large systems (many kilowatts) use thyristors 

(SCR). SCRS provide large power handling capability in a semiconductor device, and 

can readily be controlled over a variable firing range. 

The switch in the simple inverter described above, when not coupled to an 

output transformer, produces a square voltage waveform due to its simple off and on 

nature as opposed to the sinusoidal waveform that is the usual waveform of an AC 

power supply. Using Fourier analysis, periodic waveforms are represented as the sum of 

an infinite series of sine waves. The sine wave that has the same frequency as the 

original waveform is called the fundamental component. The other sine waves, called 

harmonics, that are included in the series have frequencies that are integral multiples of 

the fundamental frequency. 

Fourier analysis can be used to calculate the total harmonic distortion (THD). 

The total harmonic distortion (THD) is the square root of the sum of the squares of the 

harmonic voltages divided by the fundamental voltage: 

.Jvz2+vl+vf +···+VJ 
THD = ..:-------- 

Vi 

1.3.2 Advanced designs : 

There are many different power circuit topologies and control strategies used in 

inverter designs. Different design approaches address various issues that may be more 

or less important depending on the way that the inverter is intended to be used. 

The issue of waveform quality can be addressed in many ways. Capacitors and 

inductors can be used to filter the waveform. If the design includes a transformer, 

filtering can be applied to the primary or the secondary side of the transformer or to 

both sides. Low-pass filters are applied to allow the fundamental component of the 

waveform to pass to the output while limiting the passage of the harmonic components. 

If the inverter is designed to provide power at a fixed frequency, a resonant filter can be 
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used. For an adjustable frequency inverter, the filter must be tuned to a frequency that is 

above the maximum fundamental frequency. 

Since most loads contain inductance, feedback rectifiers or antiparallel diodes 

are often connected across each semiconductor switch to provide a path for the peak 

inductive load current when the switch is turned off. The antiparallel diodes are 

somewhat similar to the freewheeling diodes used in AC/DC converter circuits. 

Fourier analysis reveals that a waveform, like a square wave, that is anti 

symmetrical about the 180 degree point contains only odd harmonics, the 3rd, 5th, 7th, 

etc. Waveforms that have steps of certain widths and heights can attenuate certain lower 

harmonics at the expense of amplifying higher harmonics. For example, by inserting a 

zero-voltage step between the positive and negative sections of the square-wave, all of 

the harmonics that are divisible by three (3rd and 9th, etc.) can be eliminated. That 

leaves only the 5th, 7th, 11th, 13th etc. The required width of the steps is one third of 

the period for each of the positive and negative steps and one sixth of the period for 

each of the zero-voltage steps. 

Changing the square wave as described above is an example of pulse-width 

modulation (PWM). Modulating, or regulating the width of a square-wave pulse is often 

used as a method of regulating or adjusting an inverter's output voltage. When voltage 

control is not required, a fixed pulse width can be selected to reduce or eliminate 

selected harmonics. Harmonic elimination techniques are generally applied to the 

lowest harmonics because filtering is much more practical at high frequencies, where 

the filter components can be much smaller and less expensive. Multiple pulse-width or 

carrier based PWM control schemes produce waveforms that are composed of many 

narrow pulses. The frequency represented by the number of narrow pulses per second is 

called the switching frequency or carrier frequency. These control schemes are often 

used in variable-frequency motor control inverters because they allow a wide range of 

output voltage and frequency adjustment while also improving the quality of the 

waveform. 

Multilevel inverters provide another approach to harmonic cancellation. 

Multilevel inverters provide an output waveform that exhibits multiple steps at several 
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voltage levels. For example, it is possible to produce a more sinusoidal wav hY,.,:having ~ 

split-rail direct current inputs at two voltages, or positive and negative input "0<9. tlt.~~ 

central ground. By connecting the inverter output terminals in sequence between the 

positive rail and ground, the positive rail and the negative rail, the ground rail and the 

negative rail, then both to the ground rail, a stepped waveform is generated at the 

inverter output. This is an example of a three level inverter: the two voltages and 

ground. 

LIBRARY 

1.3.3 More on achieving a sine wave : 

Resonant inverters produce sine waves with LC circuits to remove the harmonics 

from a simple square wave. Typically there are several series- and parallel-resonant LC 

circuits, each tuned to a different harmonic of the power line frequency. This simplifies 

the electronics, but the inductors and capacitors tend to be large and heavy. Its high 

efficiency makes this approach popular in large uninterruptible power supplies in data 

centers that run the inverter continuously in an "online" mode to avoid any switchover 

transient when power is lost. (See related: Resonant inverter) 

A closely related approach uses a ferroresonant transformer, also known as a 

constant voltage transformer, to remove harmonics and to store enough energy to 

sustain the load for a few AC cycles. This property makes them useful in standby power 

supplies to eliminate the switchover transient that otherwise occurs during a power 

failure while the normally idle inverter starts and the mechanical relays are switching to 

its output. 

1.3.4 Enhanced quantization : 

A proposal suggested in Power Electronics magazine utilizes two voltages as an 

improvement over the common commercialized technology which can only apply DC 

bus voltage in either directions or tum it off The proposal adds an additional voltage to 

this design. Each cycle consists of sequence as: vl, v2, vl, off/pause, -v l , -v2, -vl 
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