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PREFACE 

Inverter is a very useful unit. Depending upon the 

output power the inverter has the capability of supplying

power for many items that normally don't go on camping

trips, such as TV, a stereo, an electric razor, or a desk

amp. However, it also has many other uses, such as supplies

for computers, variable speed ac motor drives to power the

oscilloscope or soldering iron when doing electronic work in

the field. 
My project is about the inverter, that draws a max.of

5 amp, which is completely safe for an automobile cigarette

ighter socket, and no load current is only half an amp. The

output voltage is regulated and remains fairly constant from

o load to full load. 
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INTRODUCTION 

Inverters convert de power to ac power at some desired

utput and frequency. Application of inverter include stand

·Y power supplies, uninterruptible power supplies for

computers, variable speed ac motor drives, aircraft power

supplies, induction heating and output of the de transmission

ines, 
In most of the inverter applications, it is necessary

to control both the output voltage and the output frequency.

he controllable voltage requirement may arise out of the

eed to overcome regulation in the connected ac equipment or

to maintain constant flux in ac motors driven at variable

speed by variation of their supply frequency. If the de input

oltage is controllable, then an i~erter with a fixed ratio

f de input voltage to ac output voltage may be satisfactory.

f the de input voltage is not controllable, then control of

e output voltage must be obtained by employing pulse width

dulation, 
The output voltage wave form of an inverter is non

sinusoidal and in most applications the voltage harmonics

ave a significant effect on the overall system 

performance. These harmonics may be reduced at the cost of

increasing the complexity of the inverter circuit, and an

economic decision must be made on the degree to which this

snou.Ld be done, 
Inverter circuit designs are generally divided into
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assifications. First there are amplifier type inverter:

inverters that use transistors as amplifier, operating

onsaturation condition. Second, there are the saturated

ch types of inverter: these inverters operate with the

ches either in a fully saturated conducting mode, or in

off blocking mode.
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CHAPTER ONE 

DESIGN CONSIDERATIONS FOR STATIC INVERTERS 

Inverters convert d.c. power to a.c power at some

ired output voltage and frequency. Applications of

verters include the following .

. Stand by power supplies .

. Uninterruptable power supplies for computers .

. Variable-speed ac motor drives .

. Aircraft power supplies .

. Output of de transmission lines.

In most of the inverter applications, it is necessary to

be able to control both the output voltage and output

requency. The controllable voltage requirement may arise

out of the need to overcome regulation in the convected ac

equipment or to maintain constant flux in ac motors driven at

variable speed by variation of their supply frequency. If the

de input voltage is not controllable, then control of the

output voltage must be obtained by employing pulse-width

modulation.

The output voltage wave form of an inverter is non

sinusoidal and in most applications the voltage harmonics

have a significant effect on the over all system performance.
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INVERTERS:- 

A Static inverter is a solid state (semiconductor)
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ce designed to convert a de electrical power input into

output with a sinusoidal wave fo~,

out an operational dependance on relative mechanical

·on between component parts.

tatic inverter must provide the following:

c to ac power conversion

conversion to a fixed-frequency output voltage

a sinusoidal wave shape for variations of both de input

stortion.

output voltage regulation for variation of both de input

tage and ac load including power factor.

some means of protecting the inverter from over loads on

e output.

e static inverter is composed of the following functional

components:

. A power stage or number of power stages that convert the de

input into relatively crude ac output.

The ac contains not only the fundamental ac frequency

desired, but also unwanted harmonic frequencies. The power

stage is the simplest power stage that can produce an ac

voltage. By definition the stage uses four semiconductor

switches (transistor or SCR) which can only produce square

wave or two valued voltage .

. An ac output filter that eliminates the unwanted harmonics

generated by the power stage. So as to provide the load a

sinusoidal wave form with a given max. distortion.

The amount of deviation between a true sine wave and the
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output voltage can be measured in the form of total

distortion (THO). The ac filter size is determinedc

ly the amount of unwanted harmonics in the power

-also by the frequencies of these harmonics. 

the harmonic frequencies generated by the 

the larger will be the ac filter. consequently if

frequencies in the power stage wave form (3rd,

c.) can be reduced in magnitude or eliminated the ac

made smaller. 

to provide proper sequential control over the SCR's

or power stages such as to provide one or 

f the following: 

regulation 
limiting (for over load protection) 

synchronization to external sources 

paralleling of inverters (with load sharing)

Inverter circuit designs are generally divided into two

sifications. First, there are the amplifier-type 

those inverters that are transistors as amplifiers,

in a non saturated condition. Second, there are the

rated-switch types of inverters (using either transistor

SCR's) these inverters operate with the switches either in

y saturated conducting mode, or in cutoff blocking mode

he amplifier-type inverter circuit are characterized by

er efficiencies, high power dissipation in the transistor
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s, cross over distortions (in class Band C push

s), as well as many other well known problems. These

inverters are quite satisfactory of the applications

fully selected, if the power level are low if the
•

actor loads are not a consideration, and if efficiency

of the key criteria to the inverter design. Because of

imited applications, the amplifier type inverters are

IBVERTER REQUIREMENTS:- 

Each requirement must be considered in terms of total

efficiencies, and reliability.

electrical performance characteristics for static

listed below:

power 500 to 1500 VA, 1000 VA nominal

tput voltage 115 to 200 V rms, 3 phase, +/- 0.5%

-output frequency 400Hz + O.Ol%

-output harmonic distortion 3%

-power factor range max. variation of 0.2

-efficiency

-input voltage

-output phase angle

75%

24 to 30 V DC

120 (+ 2)

-temperature range -35 C to +71 C

The inverter should have overload protection, be able to

withstand environmental conditions.

1.3 CONSIDERATIONS COMMON TO ALL INVERTERS. 

There are several design considerations that are common to
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erters, and these are as follows:

IN AN INVERTER:- 

static inverter is comparable to an oscillator driving

amplifier; an arrangement used by early low-powered

·c inverters. A 400 Hz sinusoidal signal is produced ın
•

scillator, and this signal is power amplified in

class A or class B power amplifier stages. This

still practical for inverters of less than 50 VA

phase, but at higher levels, low frequency makes the

nique inadequate.

It is possible to have as many as three different types

feed back in static inverter: Voltage, current and phase

dback. They are generally defined as follows.

) VOLTAGE FEED BACK:- 

Regulation of ac output voltage with changes in input de

ltage output load is provided by voltage feedback. Normally

he output ac voltage is detected and rectified to provide a

c voltage is detected and rectified to provide a de voltage.

his de voltage is compared with a Zenner reference diode,

and the error voltage is fed back to the driver or power

stage, to control the ac output amplitude. Such detection any

be root-mean-square, average, or peak sensing and may occur

either before or after the filter. The largest variations in

static inverter design arise from the exact manner in which

this de error signal regulates the ac output.
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In a three phase inverter, either combined or single

e voltage feed back may be used. A three phase detector

in the combined system and the same error signal is

to all these phase. If large load and power factor

are expected, it is better to regulate the system

it were three separate single inverters.

CURRENT FEED BACK:- 

Current feed back provide overload protection for the

tic inverter. This protection may be either or the types.

first, current in excess of the maximum results in

of the inverter. That is, the output voltage drops

zero, this protecting the unit. With this type of

utdown, the output turns on and off with in a period,

~eventing damage to any of the components. The second type

f current feedback results in the inverter as constant

rrent generator for load current in excess of maximum.

his protects the unit and often maintains the operation of

oads during transistor over-load. In general, this latter

system is better through some what more difficult to achieve.

ormally, a current feedback system is designed to work in

conjunction with the voltage feedback system, and in effect,

over rides the voltage feedback during overload condition.

(iii) PHASE FEED BACK:- 

Phase feed back is sometimes used in three phase static
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to ensure an exact 120 phase angle between output

Normally, the inverter oscillator provides exact

angle at the input to the driver stages. If each

s equally loaded, the phase shift thought the driver,

and filter stages if each phase is equal resulting in

phase angle at the output. Frequently however,

or power factor are unbalanced, which may result in

phase shift through each phase.

back is applied by comparing the angle of two

s with respect to the third and generating two feed back

ls proportional to the differences from the nominal 120.

back signals then act in phase shifting

two of these three oscillator output signals in

a way that the inverter output are held at an exact 120

respect to each other.

) POWER STAGE DESIGN:- 

Power variation in the design of static inverter power

ages are few, but good design in this area is more

important then elsewhere, since most if the dissipated power

occurs here and in the filter. In general, inverters may be

grouped as bridge or parallel inverters, with different

basic circuit resulting in the power stage. Following figure

shows the

schematic diagram of a basic parallel inverter power stage.
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Transistor Q and Qz operate in push pull, each during

cycle. Transformer T2 is the power output

Parallel inverters are more common than bridge

A typical bridge inverter power stage is shown in

g ı. 2.
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Transformer T5 is the output transformer, which has

that are alternately switched from plus to minus by

of Ql, Q2, Q3 and Q4 arranged as a bridge. Transistors

and Q3 operate together, as do Q2 and Q4. In a bridge

each transistor is subjected only to the supply

ltage during cut off because there is no induced voltage

resent. This indicates that the bridge inverter will

operate safely with twice the supply voltage for a given

transistor type. This primary disadvantage of the bridge

inverter is its greater complexity. Since it requires twice

the number of transistors for the same power rating and at

the same supply voltage as compared to the parallel inverter.

It is possible with three-phase inverters to eliminate the
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of bridge inverters while retaining their

three-phase bridge inverter power stage is

in fig 1.3

input drive consists of three push pull square

, 120 out of phase. Each transistor conducts for half

e and non conducting for the remaining half-cycle.

of the three-phase relationship, the conduction

of the transistor overlap, causing three transistor

any given instants. This is combined ın

delta-connected primary of Tl, giving outputs with

harmonics. Each transistor is subjected to

the supply voltage during cut off,

Proper design of the power transistor drive circuitry,

output transformer, and the filter are necessary for

efficient switching of the power transistors. The design of

the output transformer is of particular importance. In

13



, this transformer should be designed with low leakage

ce and good high-frequency response. The three-phase

have to achieve an efficiency of about 95%

achieve an over all inverter efficiency of 85%

filter efficiency of 95% and switching transistor

UCTANCE SWITCHING IN TRANSISTORS:- 

The ability of an inverter to operate into power factor

, and the ability of the main power transistor to switch

are pattern and directly related. Under normal unity

r factor operation, the switching pattern or the

sistor begins to look more like the circular pattern

ustrated in fig 1.4

le.

fig. 1.4

In order to optimize the efficiency of the power

transistor in switching mode, switching patterns may be

produced on an oscilloscope and analyzed to determine regions

of transistor operation with high dissipation. Circuit

adjustments, filter and load changes may be made and their
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transistor may be made by means of the

pattern.

ICIENCY: 
e efficiency of an ac. device where power factor is a

often misunderstood. Efficiency is usually

output divided by watts input multiplied by

expressed as percentage". For de input, this rule holds

and is a excellent measure of performance of a piece of

For a static inverter operating under power factor

, this is often very misleading as a measure of

For example, a static inverter operating at maximum

t- ampere output into a zero power factor load would

fleet a zero efficiency by the a9ove definition. Because

e voltage and current are phase-shifted full 90 degree.

ere are no output watts to measure, since the inverter is

roducing no real power in watt. The inverter is, however,

perating at full volt-ampere load, and requiring very real

power in watts from the de input.
By this, it can be seen that a power factor has a severe

effect on the "apparent efficiency'' of the inverter. The only

true indication of performance of the inverter is when

efficiency is measured at unity power load.

Take the example of 350 VA static inverter that operates

at 80% efficiency into a 350 VA resistive

load (unity performance). The internal losses of inverter are
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proximately 87 W total.

This same inverter operating into a 350 VA load at 0.65

power factor would be delivering a real power of only 350 *

.65 or approximately 227 w. This 227W is a power that goes

straight through the inverter. In addition 350 VA at the

above power factor of 0.65 represents also plain reactive

power of 350*[{1-(0.65)(0.65)} E 0.5] or 256 VA. the only way

a de source can simulate a power factor, is to deliver the

power to the inverter, then receive it back from the

inverter.

In this manner, assuming the handling efficiency of the

inverter at 80% then the inverter's internal losses could be

computed by the two formulas :

80% = 227 / [227 + (internal loss A)]

80% = 265 / [265 + (internal loss B)]

Total internal Losses= A+B = 123W. Total efficiency is

therefore, by definition

227W /[ 227 + 127] = approximately 65 %

This is no doubt, an extreme example, but it illustrate

the severe impact that a power factor has on the apparent

efficiency of an inverter.

Inverter losses (that determine efficiency) can be

classified into three general categories.

(i) There are fixed losses. These are generally easy to

measure, simply by removing all loads from the inverter, and

measuring its power consumed. These are no load losses and
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always fixed.

Second, there are the losses that are directly

-.ın,portional to the output power. These are semiconductor

/-.turation resistance losses, etc.

"i) Third, there are losses that rise quadratically with

e output power. There are flux density losses, etc. This is

at causes the inverter efficiency to reach a maximum point,

en decrease as additional loads are applied.

Losses are really the best measure of an inverter's

efficiency, and in general, losses and not the efficiency

should be specified in an inverter specification.

An other factor to be considered is the size(volt-ampere

output rating) of the inverter. High power inverter can

always be more efficient than lower power inverter, if all

other factors are equal. One basic reason for this fact is

the internal efficiency of the transformer.

(e) OUTPUT FILTERS:- 

The design of the static inverter output filters is an

extremely difficult task. If the requirements are constant,

the task is eased, if, however, the load and/or power factor

varies widely and very low harmonics content is necessary,

the design is difficult, and the filter will be heavy.

The filter should be efficient(95% overall efficiency).

Its input impedance at higher frequencies should be

capacitive (never inductive if possible), and it should be of

maximum weight. The maximum harmonics permitted from most
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·ıe or aircraft inverter is 5%, same systems require as

as 2% harmonics.

Now resonant, first and second order critically damped

er, as shown in the fig. 1.5

L

1st. order 2nd. order

fig 1. 5

common filter of 4th order is shown in the fig 1.6. In this

filter, L2 and C2 are made resonant at the fifth order.

L,= I ı .
c. - Tc.,

I
~RL

f Lı.

fig.1. 6

A disadvantage with these filters is that their

filtering ability is the function of their loading capacity,

and the input impedance of the filter is not resistive at the
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ndamental. These objections are overcome by the 4th. order

esonant filter shown in fig. 1.7. In this filter Ll and Cl

e tuned to series resonance at the fundamental, and L2 and

2 are tuned to shunt the load impedance. This filter

actually works better if Ll and Cl are tuned above 350 Hz and

·t L2 and C2 are tuned to about 450 Hz. Also L2 should

predominate in the L2 C2 product. This filter will filter to

2% harmonics over a zero range of 20 degrees.

fig 1.7
The physical size of the filter components is often

a problem and may be partially overcome by the use of

transformers to scale the filter components values.

Only a few general rules for filter design have been

indicated. The mathematical design of such filter is so

complicated that a digital computer might will be used in the

design of the filter. The computer may be programed to vary a

great many parameters to derive the best filter for the

weight. The filter should be designed so that the reactance

of the load is used as the part of the filter. For example,

if the load has a lagging power factor of 0.4, this

inductance should be figured as part of L2 when using the

4th. order resonant filter. This would make the static

inverter higher than if the power were unity. In general the
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