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ABSTRACT
'j "

Conventional Photovoltaic system use low voltage appliances of 12 or 24

volt rating. Normally available 230VAC, 50Hz lamps, fans and electronics

goods cannot be used in these system. In this thesis, attempt to made to

design and analyze a dc-dc-ac converter to provide a 230VAC at 50 Hz from

PV modules and energy storage batteries used in PV systems. DC converters

are used as DC transformers to step up or step down DC voltages.

Harmonics are generated at the input and load side of the converter, and

these harmonics can be reduced by input and output filter. A Cilk converter

increases and decreases the output voltage. In this thesis work a 12V DC to

300V boost is required. A two stages or cascaded Cilk converter is step up

the DC voltage to 340V from 12V battery. Cascaded Cilk converter is used

for stepping battery voltage up, which can then be converted to AC by a

PWM inverter and filtered to have sinusoidal 230VAC at 50Hz. The output

AC thus obtained can be regulated precisely, either by controlling the duty

cycle of the cascaded Cilk converter or by controlling modulation index of

the PWM inverter. The required 230VAC, 50Hz is obtained by a

conventional single phase PWM inverter followed by low pass LC filter.

The complete circuit has been studied by simulation in this work so as to

obtain the design procedures of an integrated switch mode DC-DC-AC

power converter. The study provides an integrated switching mode

conversion of 12VDC to 230VAC at 50 Hz which will allow conventional

appliances of 50 Hz, 230VAC to be used in domestic photovoltaic system.
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CHAPTER-1

INTRODUCTION

•

1.1 INTRODUCTION

Photovoltaic systems (PV) convert light energy to electrical energy in dc fornl. In many

PV systems, this direct current electrical energy is used for lighting, remote area

communication equipment supply or other uses. However, if the converted energy is to

be used with conversional l20V AC or 230VAC having 50 or 60 Hz, it is necessary that

DC output obtained be used for supply energy storage and conversion of the same to

higher voltage dc and its conversion to ac of desired magnitude and frequency. This may

be achieved in many ways. Common methods are dc-ac conversion at low voltage at

desired frequency and conversion of ac voltage by step up transformer, or DC-DC

conversion to have high voltage DC and then DC-AC conversion by inverter. The second

methods provide a lighter and efficient solution as it requires no transformer. But most of

the time conversion of dc-dc from very low voltage to moderate voltage requires DC-DC

conversions' to operate at high duty cycle. But at high duty cycles DC-DC converter are

inefficient. In this research cascaded DC-DC converter, particularly the cascaded Cuk

converter and its modified version has been proposed and investigated as an alternative to

presently used techniques in this area.

1.2 LITERATURE REVIEW

In this section a literature review, on the basic operation of the solar home system, DC-

DC converter, PWM inverter and the control techniques commonly used are provided.



1.2.1 PHOTOVOLTAIC SYSTEM AND SOLAR HOME SYSTEM

Semi conductors that convert solar energy directly into electricity are called photovoltaic

(PY) devices or solar cells. Although there are about 30 different types of PY devices

under development, there main technologies in commercial production are

monocrystalline cells, polycrystalline cells and thin-film cells [I].

Monocrystalline-or single crystal solar cells are generally the most efficient at converting

solar energy into electricity .. There are two types of Monocrystalline, they are LGBG

(laser grooved buried grid) and screen- printed Monocrystalline dark gray cells. In LGBG

dark blue cell, narrow grooves are formed in the top wafer surface using a laser and

plated with copper to form a conductive grid. The shadowing of the top surface is less

than with screen- printed contacts allowing more of the incident light to be collected.

Improved light collection is also achieved through the inclusion of antireflection coating

and selective phosphorus doping of the silicon in the groove minimizing resistive losses.

This results in a 20% increase in output power for a given cell area. This kind of cells

efficiency levels is 17% andmodule power (w/m2) at STC (standard test conditions) is

150 w/m2• In screen printed cells solar cells are made form p-type silicon wafers. The top

surface of the wafer is doped with phosphorus creating a PIN junction, which attracts free

electrons liberated when light is absorbed by the silicon. Metallic silver contacts are

screen printed to the top and bottom surfaces of the wafer to enable connection to

external electrical circuit. Commercial screen- printed solar cell typically convert 12-14%

of the incident solar energy to electrical energy and module power (w/m2
) at STC

(standard test conditions) is 130 w/m2
•

Polycrystalline solar cells are cut form a block of lower quality multi-crystalline silicon

and are less efficient but less expensive to produce. The screen-printed multycristalline

dark blue cells efficiency is 13% having module power (w/m2
) at STC (standard test

conditions) 120 w/m2[1]
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Thin solar cell is manufactured in a process that is similar to tinting glass. These solar

cells are made of semiconductor materia! deposited as a thin-film on substrate such as

glass or aluminum. Thin-film solar cells are generally less than half as efficient as mono

and polycrystalline cells but much less expensive to produce. They are widely used for

powering a wide range of consumer devices. Thin film black - with no transmission cell

efficiency is 7% and module power (w/m2) at STC is 67 w/m2
• Thin-film with 10% light

transmission's cell efficiency is and module power (w/m2
) at STC is 63 w/m2

Solar cells are encapsulated into modules, several of which are combined into an array.

There is however, a growing market of "building-integrated" modules PV devices that

are manufactured part of as system may also include energy storage devices (usually

batteries), support frames, and electronic controllers. These are collectively refereed to as

the balance-of-system [BOS].

The amount of power form a PV array is directly proportional to the intensity of light

hitting the array. Photovoltaic array produces direct current (DC) electricity. They can be

configured to produce any required combination of voltage and converted to conventional

residential alternating current (AC) voltages.

There are currently about 400,000 photovoltaic systems [I] in operation worldwide.

Applications range from consumer products and small scale stand -alone units for rural

use (e.g. solar home system) to grid- connected roof top systems and large central grid

power stations.

Typical system size varies from SOW to IKW for stand -alone systems with battery

storage. From 10 kW to megawatts for grid-connected ground-based systems and larger

building-integrated systems also exist.

As solid state devices have no moving parts, photovoltaic modules have a demonstrated

record of durability and reliability. PV modules will operate for 30 years and are sold

with 10-20 year manufacturer warranties. Although PV modules themselves require little

3
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maintenance, other BOS components may require more maintenance-particularly

batteries.

In the case of stand-alone systems, the value of electricity is of the value of the service

that is providing by the PV system. This value is determined by the cost of providing the

service by an equivalent alternative.

For such systems comparisons between PV and other energy supply options should be

done on the basis of 'running cost' (fuels, O&M, depreciation interest, etc) because PV

system generally have a low running cost (as the 'fuels' is solar energy) but a high capital

costs.

A Solar Home System (SHS) consists of: [Fig 1.1]

• Solar module or solar panel,

• Charged control unit,

• Storage battery,

• Cables,

• Electric load and

• Support structure .

. , , ' I

":-0': ''(/.... ....- -_0 _'.
<'i: 1 :. \,,,,

Ba,itery

Fig. 1.1 Components of a Solar PV Home System
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1.2.1.1 SOLAR SYSTEM

Solar cells

Solar cells receive the Sun's energy and converts it to electricity. The electricity that is

produced by the light of the Sum is called solar electricity. The light of the Sun falls on

large thing like binding picture directly; its name is solar panel. If the light of the sum

falls on it, the voltage is created like battery and the connected cable finds the electricity,

to storage battery. The produced electricity is supplied to the equipments (ie. TV, light

fan etc) from this battery.

Solar Panel:

The main part of solar electricity production is the solar panel. Solar cell is made of

silicon. When many solar cells are arranged side-by-side and coated within a clear glass

frame, then it is called solar panel. Solar panels are arranged side-by side are called solar

array

Setting of panel:
Panel setting is dependent on geographical location. In our country it should be on the

roof, on poles or on ground where no shadow occurs. Panel is set south facing at a 24°-

340 angel. The more sunlight falls on it the more electricity one will get. The panel setting

angle must be accurate. In our country the panel setting must be south facing.

Battery:

Batteries are needed for storage of the solar electricity for use when sunlight is not

available. It is a sensitive part in solar electricity system. If proper care is not taken then it

can be damaged easily. The battery bank consists of one or more solar deep-cycle

batteries.

5
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Charge controller:

Charge controller is the part that would protect the battery from excessive charging and

also from control the charging of battery as prescribed. When the battery discharging then

the charge controller also control lower cut off voltage or protect the battery from deep

discharged. The charge controller has some indicator to indicate to know the condition of

the battery during the charge and discharge.

Wiring and Load
Selecting the correct size and type of wire will enhance the performance and reliability of

these systems. The size of the wire must be large enough to carry the maximum current

expected without undue voltage loss.

The appliances and devices (such as light, TV's, computer etc.) that consume electrical

power are called loads.

1.2.2 REVIEW OF CONVENTIONAL DC - DC CONVERTER
The DC-DC converters are widely used in industrial applications and computer hardware

circuits, and the DC-DC conversion technique has been developed very quickly. Since

the 1950s there has been five generation of DC-DC converters developed. They are the

first-generation (classical) converters, second-generation (multi quadrant) converters,

third - generation (soft - switching) converters, and fifth- generation (synchronous

rectifier) converters [2-11]. According the circuit topologies DC voltage can be converted

by the following converter configurations:

a. Buck,

b. Boost,

c. Buck- Boost,

d. Cukand

e. Luo converter

6
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1.2.2.1 BUCK CONVERTER
,

A buck converter [11) is a step-down DC to DC coiwerter. Its design is similar to the

step-up boost converter, and like the boost converter it is a switch-mode power supply

that uses two switches (a transistor and a diode) and an inductor and a capacitor.

The simplest way to reduce a DC voltage is to use a voltage divider circuit, but voltage

dividers waste energy, since they operate by bleeding off excess voltage as heat; also,

output voltage isn't regulated. A buck converter, on the other hand, can be remarkably

efficient (easily up to 95% for integrated circuits) and self-regulating, making it useful for

tasks such as converting the 12-24V typical battery voltage in a laptop down to the

several volts needed by the processor.

1.2.2.2. BOOST CONVERTER
Boost converter (step-up converter) [11) is a power converter with an output dc voltage

greater than its input dc voltage. It is a class of switching-mode power supply (SMPS)

containing at least two semiconductor switches (a diode and a transistor) and at least one

energy storage element. Filters made of inductor and capacitor combinations are often

added to a converter's output to improve wavefomls.

1.2.2.3 BUCK- BOOST CONVERTER

The Buck-Boost Converter [l1]is atype of DC-DC .converter that has an output voltage

magnitude that is either greaterorJessthan the input voltage. It is a switch mode power

supply with a similar circuit topology to the boost converter and the buck converter. The
... .

output voltage is adjustable based on the duty cycle of the switching transistor. One

possible drawback ofthis converter is that the switch doeS not have a terminal at ground;

this complicates the driving circuitry. Also, the polarity of the output voltage is opposite

of that of the input voltage. Neither drawback is of any consequence if the power source

is isolated from the load circuit(if, for example, the source is a battery) as the source and

diode can simplybe reversed and the switch moved to the ground side.

7



1.2.2.4 COK CONVERTER

The Cuk converter [11) [16-20) is a type of DC-DC converter that has an output voltage

magnitude that is either greater than or less than the input voltage magnitude, with an

opposite polarity. It uses a capacitor as its main energy-storage component, unlike most

other types of converter which use an inductor.

1.2.2.5 LUO CONVERTER

Luo converters [2) are developed by Fang Lin Luo. He has created nine series converters,

and they are as follows,

(a) Positive output Luo-converter,

(b) Negative output Luo-converter,

(c) Double output Luo-converter,

(d) Multiple-quadrant Luo-converter,

(e) Switched capacitor multi quadrant Luo-converter,

(f) Switched inductor multi quadrant Luo-converter,

(g) Multiquadrant ZCS quasi-resonant Luo-converter,

(h) Multiquadrant ZVS quasi-resonant Luo-converter and

(i) Synchronous rectifier dc/dc Luo-converter.

8



1.2.3. Pulse Width Modulation (PWM) Basics

There are many fom1s of modulation [3], [21-30] used for communicating information.

When a high frequency signal has amplitude varied in response to a lower frequency

signal we have AM (amplitude modulation). When the signal frequency is varied in

response to the modulating signal we have FM (frequency modulation) . These signals

are used for radio modulation because the high frequency calTier signal is needed for

efficient radiation of the signal. When communication by pulses was introduced, the

amplitude, frequency and pulse width become possible modulation options. In many

power electronic converters where the output voltage can be one of two values the only

option is modulation of average conduction time.

In power conversion by static converters, following modulation techniques are usually

used,

Linear Modulation: The Simplest modulation is where the average ON time of the

pulses are varied proportionally with the modulating signal. The advantage of linear

processing lies in the ease of de-modulation. The modulating signal can be recovered

from the PWM by low pass filtering.

Triangular PWM: The simplest analog from of generating fixed frequency PWM is)y

comparison with a linear slope waveform such as a triangular wave with the modulating

wave. Here the output signal goes high when the modulating (sine) wave is higher than

the triangular wave. This is implemented using a comparator whose output voltage goes

to a logic HIGH when the input is greater than the other.

Regular Sample PWM : The triangular carrier PWM generates a switching edge at

the instant of crossing of the sine wave and the triangle. This is an easy scheme to

implement using analog electronics but suffer the imprecision and drifts inherent in all

analog computation, as well as, having possibility of generating multiple edges when the

signal has even a small added noise. Many modulators are now implemented digitally but

there is difficulty in computing the precise intercept of the modulating wave and the

carrier. Regular sampled PWM makes the width of the pulse proportional to the value of

the modulating signal at the beginning of the carrier period.

9
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There are many ways to generate a Pulse Width modulated signal other than fixed

frequency sine saw tooth. For three phase systems the modulation of a Voltage Source

Inverter can generate a PWM signal for each phase leg by comparison of the desired

output voltage waveform for each phase with the same triangular wave. One alternative

which is easier to implement in a computer and gives a larger modulation depth is using

space vector modulation.

1.3 OBJECTIVE OF THE THESIS
The objective of the thesis is to investigate the possibility of making an integrated switch

mode DC-DC-AC power control. Common domestic photovoltaic systems are used to

power lights, fan, TVs at low voltages. Standard solar panels are used to charge 12 volts

batteries. As a result, the common appliance of 230VAC of 50 Hz rating cannot be used.

Our objective is to modify dc-dc converter to make it possible to have converted to

supplies of 230VAC, 50 Hz. One of the dc-dc conversion having both step upl step down

capability is the clik conversion. The proposed circuit consists cascaded Clik converter

used for battery voltage step up, which can be converted to ac by a PWM inverter and

filtered to have sinusoidal 230VAC at 50 Hz.

In this thesis attempt has been to make to design and analyze a dc-dc-ac converter to

provide a 230VAC at 50 Hz from PV modules and energy storage batteries used in PV

systems. A two stage Clik converter is used to obtain a 300VDC from l2V batteries. Two

stage of Clik converter has been used to keep the conversion efficiency of this stage high.

The efficiency of DC-DC converters depend on the duty cycle (D). In one stage

conversion duty cycle requirement is such that the efficiency is very low.

After DC-DC conversion, required 230VAC, 50 Hz has been obtained by a conventional

single phase PWM inverter followed by low pass LC filter. The design and

implementation of the system is carried out using commercially available electronics

circuit simulation software. All control circuit component has been chosen from available

commercial SMPS ICs.
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1.4 OUTLINE OF THE THESIS

This thesis consists of three chapters. Chapter 1 deals with description of Solar home

system, PWM inverter, various types of DC-DC converter and objective of the thesis and

the outline of the thesis.

Chapter 2 includes detailed study of proposed high efficiency CGk converter and PWM

inverter. Automatic control circuit, design of filters and typical performance of proposed

CGk converter is presented in this chapter. Problem face with the dc voltage increased,

free wheeling path and possible remedy of increase of dc voltage. Block diagrams are

also include in chapter 2.

Chapter 3 concludes the thesis with summary, achievements and suggestion for future

works.
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CHAPTER-2

COKCONVERTER AND PWM INVERTER

2.1 INTRODUCTION

Modem electronic systems require high-quality, small, light-weight, reliable and efficient

power supplies. Linear power regulators, whose principle of operation is based on a

voltage or current divider, are inefficient. This is because they are limited to output

voltages smaller than input voltage, and also their power density is low because they

require low frequency line transformer and filters. Electronic devices in linear regulators

operate in their active modes, but at higher power levels switching regulator are used.

Switching regulators use power electronic semiconductor switches in on and off states.

Because there is a small power loss in these states, switching regulators can achieve high

energy conversion efficiencies. In this chapter we will describe principle of Clik

converter and a PWM inverter, and its filter, power circuit design etc.

2.2 COK CONVERTER

The Cl1k converter is a type of DC-DC converter that has an output voltage magnitude

that is either greater than or less than the input voltage magnitude, with an opposite

polarity. It uses a capacitor as its main energy transfer element, unlike other types of

converter that use an inductor. The circuit of the Cuk converter is shown in Fig.2.1. It

consists of ec input voltage source V" input inductor L" controllable switch S, energy

transfer capacitor C" diode D, filter inductor Lz,filter capacitor C, and load resistance R,

An important advantage of this topology a continuous current at both the input and the

output of the converter. There are a high number of reactive components and high current

stresses on the switch, the diode, and the capacitor Cl. The main waveforms in the

converter are presented in Fig. b. When the switch is on, the diode is off and the capacitor

C, is discharged by the indictor Lzcurrents of the inductors L, and Lz , whereas capacitor

C, is charged by the inductor L, current.

12



To obtain the ideal dc voltage transfer function of the converter, we use the principle that

the average current through a capacitor is zero for steady-state operation. Let us assume

that inductors Lj and L, are large enough that their ripple current can be neglected

Capacitor C1 is in steady state if

I
"
DT = IL1(I - D)T (2.1)

For a lossless converter

(2.2)

Combining these two equations, the dc voltage transfer function of the Clik converter is

M = Vo = ...!l-
v Vs l-D

(2.3)

This voltage transfer function is the same as that for the buck- boost converter.

The boundaries between the CCM (Continuous Current Mode) and DCM (Discontinuous

Current Mode) are determined by

for L1 and

for L,.

L _ (l-D)R
Hi - ----:zDt

L _ (l-D)R
b' -----zr

(2.4)

(2.5)

The output part of the Clik converter is similar to that of the buck converter. Hence,

the expression for the filter capacitor Cis [3]

(2.6)
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The peak-to-peak ripple voltage in the capacitor C1 can be estimated as [3]

V = DVo
rl C1Rf

(2.7)

A transformer (isolated) version of the Cfik converter can be obtained by splitting

capacitor C1 and inserting a high frequency transformer between the spilt capacitors.

L1 C1 L2

.-j- +VC1 .< RlLl 2
lL2

+
+

JUl s D VC2 C2 VO
Vd + N

(a) Circuit of Cfik converter

+

L2
. .
lcl -lL2

--7C1L1
y " , ,

".-7 +VC1
- < R:,lLl iL2 +

S D
.

Vc2 -:: C2 .
+
- -VdC)

(b) Circuit when switch is closed
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+

L2L1
"",-)- +VC1
.

~ R:,lLl
lL2 +

S D VC2 C2+- .Vd

(c) CIRCUIT WHEN SWITCH IS OPEN

Fig,2, I Cfrk converter and its operation
(a) The power circuit,
(b) Circuit when switch is closed and
(c) Circuit when switch is open,

2.3 COK ANALYSIS OF C()K converter [3]

2.3.1 FROM CAPACITOR CURRENT POINT OF VIEW [3]
The voltage gain expression of the Cfrk converter can be obtained either by analysis of
capacitor or by analysis of current through the inductors, Following capacitor current
analysis the ideal voltage gain expression can be obtained as follows,

i:,

CLOSED
JPEN D

t

Fig,2.2 Typical waveform of current of capacitor
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The average voltage across C, computed KVL,

Vel = Vd - Va

When the switch is closed, diode is off and the current in CI is:

(2.8)

(2.9)

When the switch is opened, the current in L, and L2 force the diode on. The current in C,

IS:

(2.10)

The power absorbed by the load is equal to the power supplied by the source, i.e.

(2.11)

For periodic operation, the average current is zero,

Substituting,

-h2DT + IL1(l- D)T = 0

ILl D-=-
lL2 l-D

The power absorbed by the load is equal to the power supplied by the source, i.e.

Combining, output voltage can be written as:

Vo [D]v.; = - l-D

16

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)
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Note that the output stage (L" C, and R) are in the same configuration as the buck

converter. Hence,

In time interval DT when switch is closed,

II: II: L diL'
Ll = d= 1-dt

Or,

Ciik design parameters

For L" in time interval DT when switch is closed,

II: - L diL2
L2 - 2 dt

Or,

For continuous current operation,

(l-D)'R
L1,min = 2Df
L . _ (l-D)R
2,min - 2[

17

(2.18)

(2.19)

(2.20)

(2.21 )

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)
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2.3.2 FROM INDUCTOR CURRENT POINT OF VIEW [3]

The same expression can be obtained by inductors current analysis as follows,

L1 )c1 L2
.--7 ~Cl

.< RlLl iL2 +
+

S D VC2 C2 VO
Vd +

CLOSED

--- t

OPEN
-v. I,l,. __ .

CLOSED

-v, OPEN

t

.-::-::,.-~--------

DT
t

T DT
T

t

Fig.2.3 Voltage and current waveform circuit when switch is open

In steady state, it can be assumed that VLl and VL2 are zero.

It also can be seen that VCI is larger than Vd and Vo

18
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When the switch is off, iLl and iLZflow through the diode. Capacitor C1 is charged

through the diode by energy from Vdand LI. The inductor voltage can be written as:

(2.29)

Which is negative since VCI is larger than Yd.

This causes iLl to decrease.

leI -lL2 L2L1 ?,C1
.~ Vel < R:.lLI lL2 +

+
S D Ve2 C2 Va

Vd +

CLOSED CLOSED

----------------------- -- t

OPEN
-v -v, OPEN

- -~:::-:.----- - - - - - ..-;;.- --_:.~~.::.:..:------.=-:---~.,....::.:--------

T
t

TDT
t

DT
Fig. 2.4 Voltage and current waveform circuit when switch is closed

Similarly on the output side,

19



(2.30)

This causes ill to decrease.

When the switch is on, Vcl reverse - biased the diode. The inductor current ill and iL2

flow through the switch.

Since VCI > Vo capacitor CI discharged through the switch, transferring energy to the

output L2. Therefore iu increases.

The input feeds energy to Lj, causing to ill increase.

Equating the integral ofthe voltages across LI and L2,

Combining:

1
~VCl=-VdI-D

L2~
(VCl - Vo)DT + (1 - D)T = 0

20

(2.31 )

(2.32)

(2.33)

(2.34)

(2.35) .
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2.4 CASCADED CUK CONVERTER [20)

There is a limitation of single stage cuk converter. It is not possible to increase voltage to

desired level without abrupt loss of efficiency. If it use more than single stage than it can

get require voltage. If it change duty cycle then the output voltage also change. It's used

IC SG 1524B for switching. In stage 1 output is reverse of the input. The output stage I is

the input to the stage 2 (another cuk converter). By second reversed, positive output

obtained.

1I II

'\"..

() ~Il

nOm Ix

l~fM~ ~

I 1 ~ 01

M;l~OO~ D~ (I M~I~OOf
l~

1M

Im~Im~

I-

Im~ I

\1'I
01

J. ,

T W~l
M~I~OOf I ij~1

I

11V

.T
i

~I~

I IM)I~(
..l..
7~

"~I

., I~,\

Fig. 2.5(a) Cascaded Cuk converter
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g2 ,

" "

R8

=• 0

VI = 11); Vl
V2:Q
TO=O O. 1
TR=,12ms
IT = o,roms"=' "='
P.'O '0"0
PER=O.15ms

"
Q1CL~ CI.. •

CR ~ ~
~'} <-' ,

G1524B

R'

70 Rl

, V5 0.51:
-=- 1CWdc -:;:'

R18

1k
"7

R7

100M"-:-
,U3 70

VJ

VI =HN
V2=0
TO =0
TR = .12ms
IT = ,roms
fTW=O ::"
PER = Isms 0

>N
.T

*0 R~

..L

Fig.2.5 (b) The control circuit of the cascaded Cfik converter

Fig.2.5 Cascaded Cfik converter and its control circuit

Fig.- 2.5(a) Cascaded Cfik converter

Fig.-2.5 (b) The control circuit of the cascaded Cfik converter
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Fig.2.6 Output waveform of cascaded Cfik converter
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High power darlinton transistor is used in the first stage, where MOSFET is used as

switching transistor in the second stage. For simulation purpose pulse source is used,

which in practical case can be SMPS switching Ie. The circuit is shown in Fig. 2.7 (a)

and its output is shown in Fig. 2.7(b) for stage 1 and stage 2.

20" 20u 0001

100"

100"

V1 ';;~o_
V2" 1(5' "m_,

.100 •••

,
..••• 20u 20u

'l....

100•••~ ,so

v, ~0
V2",10
,TO" 0

TR •• ,0001m
TF = ,OOOlm
PW _ ,O'l5m
PER_.1m

TR ••. 0001m

TF "' ,0001m
PW. ,O'lm

-- o
PER •. O~m

Fig. 2.7(a) Modified cascaded Cilk converter circuit

••_ coi-:r'ou:i.t file for prof'iJ.e-' f •• rh ••n1

D~t~/T~~_ run 07/31/0B 20 ~L 04
(1).) farha.~l- 5CHEHATl:C1 f ••rh •••".,,1 (""ot.i •••••)

"V0.. 20"'>$
c V(1:-7 2 0). VCR"':::? 0)

nat ••. July ~1. 2008

..: :.. ~ :-.- -: ~-.; :.. ~ ~
~:- ,'. l _:_ ~ ~ ~

~~~ ;:::-1 -f ~jt"~ :'-' -; - -:-; ~.. . ~ ~ ..- - -:- . - . - ~.~:-

.1....., :2U.4U.10

; - - .,

40 •••••

. -
SOY

150V

100V

300V

200V

250Y

Fig.2.6(b) Output Voltage after stage 1 and stage 2

Fig.2.7 Modified Cascaded Cilk converter and output voltage

(a)Modified cascaded Cilk converter circuit

(b) Output Voltage after stage 1and stage 2
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2.5 VOLTAGE SOURCE PWM INVERTER

Dc- to- Ac converters are known as inverters. The function of an inverter is to change a

dc-input voltage to a symmetric ac out put voltage of desired magnitude and frequency .

.The output voltage could be fixed or variable at a fixed or variable frequency. A variable

output voltage can be obtained by varying the input dc voltage and maintaining the gain

of the inverter constant. On the other hand, if the dc input voltage is fixed and it is not

controllable, a variable output voltage can be obtained by varying the gain of the inverter,

which is nomlally accomplished by the pulse- width- modulation (PWM) within the- inverter. The inverter gain may be defined as the ratio of the ac output voltage to dc input

voltage.

The output voltagc waveforms of ideal inverters should be sinusoidal. However, the

waveforms of practical inverters are non sinusoidal and contain haml0nics. For low- and

medium - power applications, square- wave or quasi-square- wave voltages may be

acceptable; and for high-power application, low distortion sinusoidal wave- forms are

required. With the availability of high-speed power semiconductor devices, the harmonic

contents.,.of output voltage can be minimized or reduced significantly by switching

techniques and use of small sized filters.
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2.5.1 PWM INVERTER

PWM inverter control circuit consists of switching circuit composed of OP-Amp

comparator that compares a triangular carrier wave with reference sine wave (of 50 Hz

for this thesis purpose) followed by opto coupler isolation circuit. the switching pulse

generating circuit is shown is Fig 2.8 (a) and the opto coupler isolation circuit is shown in

Fig 2.8 (b). The isolated switching pulses turn ON/OFF the switching transistor of main

power circuit of the inverter that converts DC power to AC. The inverter power circuit is

shown in Fig. 2.8 (c). The output voltage of the inverter is non sinusoidal. To obtain

sinusoidal voltage across load, filter is used to reduce the harmonics to acceptable

magnitude. The output voltage across the load obtained is shown in Fig. 2.9. The voltage

regulation of the overall circuit consisting modified cfik converter and inverter can be

achieved by either converter. If the duty cycle of the cfik converter is changed, the output

voltage will change. Also, if the modulation index of the inverter is changed, the output

voltage will change. The effect of duty cycle change of modified cfik converter (which

keeping modulation index of converter kept constant) is shown in Fig. 2.1O(a) to (e).

V23•

V20
VOFF = 0
VAMPL = 11 ry
FREQ = 50

OU

01

01

R50

1k

-=-0

MR2406F
D5

1

AD648B
- V22

15V

.::L
-0

+

15Vdc

2

3

V1 = 12
V2 = -12
TD = 0
TR = 0.249ms
TF = 0.001m~0
PW = 0
PER = 0.25ms

-=-0

Fig. 2.8 (a) PWM switching signal generator
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Fig, 2,8 (b) Opto coupler circuits
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Fig. 2.8 (c) Inverter circuit with filter and load
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1a!uf
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Fig. -2.8 (d) Filter circuit

Fig.2.8 Single phase PWM inverter circuit

(a) PWM switching signal generator

(b) Opto coupler circuit

(c) Inverter circuit with filler and load

(d) Filter circuit
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Fig, 2.9 Typical output waveform across load

The maximum output voltage was obtained when the duty cycle was maXImum, If the

duty cycle is less than 0.5 than negative voltage is obtained, Typical waveforms for duty

cycle 0.7, 0,8, 0.9, 0.95 and 0.996 are shown in figure 2.10 (a),(b), (c), (d) and (e) It is

observed that output voltage vary with duty cycle, The results of variation of duly cycle

from 0,7 to 0.996 given in a table 2, I.

•
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Fig.2.17 Proposed cascaded Cuk converter and PWM inverter using practical switch.

(a) Cascaded Cuk converter

(b) PWM inverter

(c) Switching circuit

41



IA I ,arhan-S CHIlHAT ,,,- ,erhan', ( •• e 1"il I,ov
"

-!- ~ [ I :' .~ -- .'. r ':"
- -- - -'-,

-,- , , .:- t, ,
ov , ,, '-

- ~!; i~+
1 ,- -, -:- - -r -, ,

.v , , , , , ,
,- -l- , -:- -

."j r , ~i: r ~ f
'- :~: i :i: :, , , . -

<V
, , ,, , , ,

~ i :i: r >
~

"!- r ! , !- -;.

J: .~ -:.

J:
;,, - . , -

, -,- - -.-, , , , , .:'
zv

-
, , , ,

- -,
: ,

"
.-

; i- t -i i - > i -!- -i i ; -, ::- ~ i" -, -1- "i" t, ,
ov

0 a ,0 Oua ,OOu. ,OOus a 0 Oua ,OOu"
0 V ,n ,• n , .- >

Fig, 2, 18(a) Switching signal of transistor of stage I

,A I ,••rhan- ,CHKllAT ,,,.- tarhan I .ee 'v.I

'OV
I'

,
-:1:

- - ,- I- -

J

- - - - t J
-

- , -- - -, , ,
~ r ":"

- , r , - i -
'v- , , ,

- - - - - , - -, ,
-, -1- -, - - t ; - -

- - , - , -,.v , , , l-
,

-,- - , 1 -,- j - - I - - - -, ,
~

r - - :~: ~ :-- - i- - , - - -- ~'- - ,
a v

, , , ,
, ,

- :-

1

, ,- -i :1: t':
;

:1 1
-

J 1 j- - - - - -
- - - - , - -, , ,

'v
- - - - - -'- -

,- - -, ;- ,- j , ,- 1- ! 1- f !,
ov

0 a ,0 Oua Z 0 Oua ,0 OUt a 0 OUt ,OOu.. V IV. ,• v., - >

Fig. 2, 18(b) Switching signal of MOFET of stage 2

42



,•, ,.eh -.C••••KA.T •C,-,_",h .••.••.,...,v.,
•Ov , , , , ~!.- - - ,- , - - , , - - ,- - - - r -

-+ -!, - ,OJ -
, , , , ,

--~j r.- - - - - - - - - , - - - - - -

.ov , ," -i
- ; > - , .:- - - , - - - -

,
,-

:t
-

:i: j t 1 ~ ~i:- [ ~
-
~

- ~i~i ~
-

~
-, ,

- - - - -:- - , - - - - - - - - - - - - -, .;
- - - - - - -- - - - - - - - - - - - -, - - - - -.ov , , , , ,

- , - - , -,- - - - - - - - - - - - - -, ,
t

, , ,
t1- r ! -;+ - - - , - t -

1 :1:
- - ] -t -;- -

~ ~
-C -i- -,- i -

- - - - -!- - - - -- - - - - - - - - - - - -, ! ! , ,
z oV - , , , , , , , , ,

, ,- , -:- j -,- -

~ ~r < - , , - -;- - - -
J

,

J
- -

J
-

~
-, , ,

- - - - - - - - - - - -, ,
i- c - j ";- , - -> 1- -:- - - - ; - t 1 - r -t - , - - r - - i - i

ov
, , ! , ; ;

0~ ,0

0__ ,00•• 000•• •0

0__

•00••

v ,L, z 0 c .N-,

Fig, 2, 18 (c) Output of cascaded cuk converter in 1,t stage

(.A) f"':I."han SCHEMATIC1-f ••rhan (aotivo)

-i" -

:j:
-i-

_ ..;.

: -!- ~

. -;-

- -:-

-:-

-;+ -

-;- -

- ;.-

--;-- ~ -_. -;- ~- -:- ._~-.+ r-.

--- .;. -~ .:-- ~ ~ -~. +-: --!- :--~- ~.-~ ~- ~_.~ - ~
-: . -- - .

-: ~ -i" --r+ ~ • i"---i- -;- - ~ ••
j .-.:--==t . .; .. t-==t :t - t.--
~ - .~-- ~ i- . ~ .. ~ + - ~ -
+; ~ ~ - i . --~.~ -;--~--: :- : - -: 0: -: ;+ • !"

- -: :- ~- ~ ~ ~ ;- :-.
- :- ~.~

--- _. - -- -
.-- -- - +;-

•. \-_ f .; -- ;._.-
-_ •• t -: i"-

l---.-'; 1-.-

~- i ~ ~---
~ !- -i -:---

- :- l-~-"l :--
:- ~: -"l- :- -~ --:

.; :.-;
~-i-~~

--~ --;- :- !

--~ .--:---~:- -!
__ ~ _:_ :- I -

- ~ -:- :- :

, , ,

~Ud0r;
; -::::V - f ;-;-:
~- : - _. -:- -,- -: :-

11-:::- ----- ' --

ov

- - - _.- ---
100V

300V

200V

400V

~- j ~!~t j
-i -;- :- j

_100V~o 100 •••••
• V(R9:2 DC:IH-)

200 •••5

Ti.me
300 •••". 400",,,, 500", •••

2.18 (d) Output of cascaded Cuk convelter in 2nd stage

Fig. 2.18 Voltage waveform two stage Cuk converter circuit for simulation
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Output of cascade converter is the input of the PWM inverter. The practical circuit of

single - phase bridge voltage source inverter is shown in Fig. 2.17 (b). It consist of four

1GB T's.
The waveform for the output voltage is shown in Fig2.19. That is squal'e waveform.

When the wavefonl1 is filtered by the low pass filter almost sine wave is obtain as shown

in Fig. 2.20 and 2.21. The complete circuit diagram of the proposed Cflk converter fed

PWM inverter is shown in Fig. 2.17. The variation of output voltage, current and power

with load variation is given in table 2.2. Voltage regulation at fixed duty cycle of

cascaded cflk converter and fixed modulation index of the inverter is shown in Fig. 2.23

and 2.24. As defined in Figures 2.25 to 2.32 the output voltage waveforms across various

resistive loads and the corrects though the load sections same in shape expect change in

magnitude.
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Fig. 2.19 Output Voltage waveform ofPWM inverter (Before pass filter)
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Fig.2.22 Output Current ofPWM inverter after a low pass filter, R10ad = 250 ohm

Table: 2.2 Output power at various loads

Rload (ohm) Vout (volt) lout (Amps) Pout (watt)

100 220 3.2 704

150 260 1.8 468
,

200 300 1.45 435
250 340 1.3 416

500 440 0.85 374
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Voltage Vs Load

50 100 150 200 250 300 350

Load (ohm)

400 450 500 ,550'

Fig.2.23 Output voltages at various load

Table: 2.3 Voltage gain at various loads

Rload (ohm) Yin Vout Voltaqe aain
100 12 220 18.33
150 12 260 21.66
200 12 300 25
250 12 340 28.33
500 12 440 36.66

Voltage gain

39

36

33

30

~
27

24

21

18

15
0 50 100 150 200 250 300 350'

Load (Ohm>

450 500 550

'Fig.2.24 Voltage ga!n at various loads
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2.9.1 Variation of output

It is evident that voltage regulation takes place when load is applied. In the proposed

system, the voltage across the load may be maintained nearly constant either by changing

.the duty cycle of the two stage of Cuk converter or by changing the modulation index of

the PWM inverter or by changing them both simultaneously. For this a control strategy is

necessary which requires feedback of load voltage to the control circuits. This was not

implemented in this work, however typical individual voltage control has been studied

for both the cases. Table 2.4 to 2.5 and Figure 2.33 to 2.34 shows the voltage gain

variation with the change of duty cycle of CQk converter stages when modulation index

of the inverter stage kept constant. Table 2.6 and Figure 2.35 shows the output (across

load) voltage gain variation with the change of duty cycle of Cuk converter stages when

modulation index of the inverter stages kept fixed. Table 2.7 and Figure 2.37 shows the

total harmonics distortion (THD) values variation with the change of duty cycle of Cuk

converter stages when modulation index of the invelier stages kept fixed. Table 2.8 and

Fig. 2.38 to 2.39 shows modulation index change of inverter stage which keeping the

duty cycle of the Cuk converter stages fixed. Same is shown in Table 2.10 and Fig. 2.41

for frequency change of inverter stage which keeping the duty cycle of the Cuk converter

stages fixed. Table 2.9 and Figure 2.40 and Table 2.11 and Figure 2.42 shows the total

harmonics distortion (THD) variation for modulation index and frequency change of

inverter stage which keeping the duty cycle of the Cuk converter stages fixed. Typical

wavefonns for Table 2.6 to 2.11 are shown in Fig. 2.43 to 2.68 which indicates that out

voltage waveforms across the load remain nearly sinusoidal.
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Table: 2.4 Variation of cascaded Cfik output voltage with duty cycle variation (after

stage 1)

PW Duty cycle Vout (Volt) Vin (Volt) VoutNin

-1st staae -1st staae
0.005 0.10 26 12 2.16
0.010 0.20 28 12 2.33
0.015 0.30 32 12 . 2.67
0.02 0.40 35 12 2.91
0.025 0.50 41 12 3.41
0.030 0.60 51 12 4.25
0.035 0.70 62 12 ,5.16

, 0.040 0.80 87 12 ,7.25
0.0425 0.85 102 12 8.50
0.0450 0.90 100 12 8.33
0.0475 0.95 90 12 7.50
0.49 0.98 38 12 3.16

Duty cycle Vs Voltage gain .1st stage

Fig.2.33Variation of cascaded Cfik converters voltage gain with duty cycle (after stagc 1)
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Table: 2.5 Variation of cascaded Cfik output voltage with duty cycle variation (after

stage 2)

PW Duty cycle Vout (Volt) Vin (Volt) VoutNin
-2nd stage -2nd staQe.

0.005 0.10 142 26 5046
0.010 0.20 155 28 5.53

0.015 0.30 182 32 5.68

0.02 0040 204 35 5.82

0.025 0.50 240 41 5.85

0.030 0.60 310 51 6.07

0.035 0.70 382 62 6.16

0.040 0.80 540 87 6.20

0.0425 0.85 I. 640 102 6.27

0.0450 0.90 620 100 6.20
0.0475 0.95 525 90 5.83

0049 0.98 212 38 5.57

Duty cycle Vs Voltage gain. 2nd stage

6A

6.3

6.2

6.1
c.;;; 6
Cl

~ 5.9
~
o 5.8
>

5.7

5.6

5.5

SA
o 0.1 0.2 0.3 OA 0.5

Duty cycle

0.6 0.7 0.8 0.9

Fig.2.34Variation of cascaded Cilk converter output power with duty cycle (after stage 2)
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Table: 2.6 Variation of output (across load) with duty cycle variation where M = 0.90

PW
0.005
0.010
0.015
0.02
0.025
0.030
ml:l:3:$
0.040
0.0425
0.0450
0.0475
0.49

Du c cle
0.10
0.20
0.30
0.40
0.50
0.60
~rt;10, ..• 1 r.

0.80
0.85
0.90
0.95
0.98

Vout Volt
122
135
162
180
210
260
3'~:O
470
500
480
450
180
Duty cycle Vs Voltaga gain

Pout
61

74.25
105.3
126
178.5
260
!42'0
846
1000
864
720
126

VoutlVin
10.16
11.25
13:5
15
17.5
21.66
t2'8fS-a
39.16
41.66
40.00
37.50
15

4S
40
3S

i
30
2S
20
1S
10

S
a
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.60 0.90 1.00 1.10

Duty cycle

Fig.2.35Variatiort of output (across load) voltage gain with duty cycle where M = 0.90

Du't.ycycle Vs Pout
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800I 600

400

200

o
0."00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 O.BO 0.90 1.00 1.10 1.20

Duty cycle

Fig.2.36Variation of output (across load) power with duty cycle where M = 0.90
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Table: 2.7 THD (%) output voltages with Variation of duty cycle variation

Dutv cycle Vout (Volt) (%)THD
0.10 122 4.57
0.20 135 4.90
0.30 , 162 5.65
0.40 180

. 5.64
0.50 . 210 5.78
0.60 260 5.43
0.70 340 5.23
0.80 470 6.44
0.85 500 . 5.84'
0.90 480 7.68
0.95 450 7.26
0.98

. 180 5.45-

(% )THD Vs Duty cycle

9.00

8.00

7.00

6.00

0 5.00J:•...
;e 4.00

"- 3.00

2.00

1.00

0.00
0.00 0.10 0.20 0.30 0.40 0.50

Duty cycle

0.60 0.70 0.80 0.90 . 1.00

(

Fig.2.37 THD(%) output voltage with Variation of duty cycle variation.
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Table: 2.8 Variation of PWM inverter output with modulation index

variation (after stage 2) where Duty cycle, D = 0.70 .

Sina Ampl M Vout (Volt) Vin (volt) VouWin
2.00 0.20 130 12 10:83

-
3.00 .0.30 185 12 15.41
4.00 0.40 210 12 17.50
5.00 0.50 240 12 20.00
6.00 0.60 260 12 21.66
7.00 0.70 265 12 22.08
8.00 0.80 280 12 23.33
SJ,0'0 0'9 . ~;(0' ftf2 ~;SJ3:S:" :.Q
10.00 1.00 350 12 29.16
11.00 1.10 350 12 29.58

Modulation Indox Vs Vout

Fig.2.38 Variation of output voltage with modulation index where Duty cycle, D = 0.70

ModulaUon Indox Vs Voltage gain

(

0.40 0,50 0.60 0.70 o.ao 0.90 1.00 1.10 1.20

Modulation Index

.30.00

25.00

I
20.00

15.00

10.00

5.00

0.00
0.00 0.10 0.20 0.30

Fig.2.39 Variation of voltage gain with modulation index where Duty cycle, D = 0.70 .
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Table: 2.9 THD of output voltage with Variation of modulation index

Sinq Ampl M Vout (Volt) (%)THD

2.00 0.20 130 5.95
. 3.00 0.30 185 5.23

4.00 0.40 210 3.09
5.00 0.50. 240 3.12
6.00 0.60 260 2.91
7.00 0.70 265 5.22
8.00 0.80 280 5.46
9.00 0.90 340 5.23
10.00 1.00 350 9.12

,
11.00 1.10 . 350 9.07

Modulation index Vs (% )THD

10.00

9.00

8.00.•
7.00

Cl 6.00
:I:
I- 5.00
~~ 4.00

3.00

2.00

1.00

.Fig.2AO THD of output voltage with Variation of modulation index
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Table: 2.10 Variation of output Voltage with input frequency variation
.

Fin (Hz) Vout (volt) Vin (volt) VoutiVin

50 340 12 28.33

60 , 320 12 26.67

70 310 12 25.83

80 300' 12 25

Frequency Vs Output Voltage

345
340
335
330

Ql
Cl 325III-(5
> 320-"0. 315-"0

310
305
300
295

40 50 60
Frequency

70 80 90

,

(

Fig,2.41 Variation of output voltage with input frequency
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Table: 2.11 Output voltage THD variations with variation of input frequency

Fin (Hz). Vout (volt) .. (%)THD
,

50 340 5.23
... .

60 320 5.03
70 310 . 5.19
80 .. 300 4.13

Frequency Vs (% )TH D

6

5

4

2

1

o
40 50 60

Fin (Hz)

70 80 90
(

Fig.2.42 Output voltage THD ~ariations with variation of input frequency
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2.9.2. Variation in graphical form

In graphical form we shown the variation of output voltage wave form with duty cycle,

modulation index and input frequency.

2.9.2.1. Variation by duty cycle in cascade CfIk converter
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Fig.2.43 Variation of output voltage (across load) by CfIk stage, duty cycle = 0.10
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Fig.2.44 Variation of output voltage (across load) by CfIk stage, duty cycle = 0.20
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Fig.2.47 Variation of output voltage (across load) by Cuk stage, duty cycle = 0.50
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Fig.2.49 Variation of output voltage (across load) by Cuk stage, duty cycle = 0.70
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Fig.2.50 Variation of output voltage (across load) by Cuk stage, duty cycle = 0.80
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2.9.2.2. Variation by modulation index
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2.9.2.3. Variation by modulation frequency
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2.10. OBSERVATION

Both circuit (with ideal and practical) switches have demonstrated voltage control. The

main attribute of the new topology is the fact that it generates an ac output voltage larger

than the dc input one, depending on the duty cycle and modulation index. The output

voltage can be controlled to a fixed voltage by automatic feedback from the output and

comparison of this with a reference voltage. The difference in the two will result an error

that would increase or decrease the pulse widths to bring the voltage to a desired level.

Such feedback can be achieved with commercially available ICs.
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CHAPTER-3

CONCLUSION AND RECOMMENDATION

3.1 CONCLUSION

This thesis has proposed a cascaded cGk converter fed PWM inverter for use in

photovoltaic system. Common domestic photovoltaic systems are used to power lights,

fans, TVs at low voltage. Standard solar panels use 40W modules of solar cells to charge

12V battery. As a result, the common appliances of 230VAC of 50 Hz cannot be used.

The proposed CGk converter fed PW inverter can make it possible to have supplies of

230VAC, 50Hz convelted from 12 VDC. Cascaded CGk regulator is used for stepping

battery voltage up, which is then converted to ac by a PWM inverter and filtered to have

sinusoidal 230VAC at 50 Hz. The output AC thus obtained can be regulated precisely,

either by controlling the duty cycle of the cascaded CGk convelter or by controlling the

modulation index of the PWM inverter. The CGk regulators are studied with practical

switch having ground isolation. It has been observed that in the proposed DC-DC

convelter when input voltage is 12VDC, the output voltage is always maintained at above

340V conesponding to output voltage 230Vm1s. To maintain constant voltage across the

load PWM control is used in the inverter section. Filter circuit is used to get pure

sinusoidal the output voltage. In the proposed model, output power can be varied from

400W to 700W, depending on the load.

In renewable energy use, operating cost is low and longivity is long. In homes the first

step is to make sure that we have the most energy efficient appliances available. Most of

residential and smaller offices consume I KW to 3 KW load. For small homes easily can

install 250W or 600W systems can be installed and with the Ciik converter fed inverter

as proposed in this thesis conventional appliances ( light, fan, TV etc) can be used with a

changeover switch with commercial electricity supply available.
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3.2 RECOMMENDA nON FOR FUTURE WORK

In the proposed system output voltage varies with load. This is not desirable, it needs

feedback from output to be sensed and then a switching circuit be implemented which

will control the cascaded Cilk converter, to vary the duty cycle. This will increase or

decrease the duty cycle to obtain constant output voltage. The proposed DC-DC

converter circuit will act as an excellent voltage regulator if changing duty cycle with any

change of load or input voltage variation is incorporated. For generation of switching

voltage commercially available IC can be used. The same chip will be utilized to regulate

the output voltage by varying the gate signal of the switches if any changes occur in

output voltage.

In futurc l'cscarch can bc undertakcn to implcmcnt thc followings,

I. O:.:tput voltage feedback to switching circuit to control cascaded Cilk

converters duty cycle to obtain constant output voltage

2. Design can be done so that Output power can be increased up to 3 KW

3.. The proposed system may be fabricated and tested for commercial use.
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