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ABSTRACT

Conventional Photovoltaic system use low voltagé appliances of 12 or 24
volt rating. Normally available 230VAC, S0Hz lamps, fans and electronics
goods cannot be used in these system. In this thesis, attempt to made to
design and analyie 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 Cik 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 Cik 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 Cik convgrtef 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 proéedures 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¢ form. 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 120VAC or 230VAC having 50 or 60 Hg, it is necessary that
DC oufput 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 solutiqn 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, .particular]y the cascaded Ciik

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
(PV) devices or solar cells. Although there are about 30 different types of PV devices
under development, there main technologies in commercial production are

monocrystalline cells,' polycrystalline cells and thin-film cells [1].

Monocrystalline-or single crystal solar cells are generally the most efficient at converting
solar energy into clectricity.. 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% and module power (w/m?) at STC (standard test conditions) is
150 w/m?. 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 P/N 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 clectrical energy and module power (w/m?) at STC

(standard test conditions) is 130 w/m’,

Polyerystalline 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/m?) at STC (standard test

~ conditions) 120 w/m?.[1]



Thin solar cell is manufactured in a process that is similar to tinting glass. These solar
cells are made of semiconductor material 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/m’) at STC is 67 w/m?. Thin-film with 10% light

transmission’s cell efficiency is and module power (wlmz) at STC is 63 w/m”.

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 [1] 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 50W to 1KW 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

ey



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: |fFig 1.1]

s Solar module or solar panel,
e Charged control unit,

¢ Storage battery,

e Cables,

s Electric load and

e Support structure.

‘\/ SolarModule « =

thargcConlro!lcr S
W

Baflcry o :

Fig. 1.1 Components of a Solar PV Home System



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° -
34° 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.

————



Charge controller:

Charge controller is the part that would protect the battery from excessive charging aﬁd
also from control the charging of battery as prescribed. When the battery discharging then
the charge controllér 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 (multiquadrant)} 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,

¢. Buck- Boost,
d. Cikand

e. Luo converter



1.2.2.1 BUCK CONVERTER :

A buck converter [11] is a step-down DC to DC converter. 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 waveforms.

1.2.2.3 BUCK- BOOST CONVYERTER

The Buck-Boost Converter: 1] 1s a type of DC-DC converter that has an output voltage
magmtude that is elther greater. or less than the input-voltage. It is a sw1tch mode power
supply with a similar circuit t0pology to the boost converter and the buck converter. The
soutput voltage 1is adJustable based on the duty cycle of the swrtchmg transistor. One
possible drawbac]-. of thls converter 18 that the. sw1tch does not have a. terminal at ground;
this coniplicates the dr1v1ng 01rcu1try Also, the polanty of the output voltage is opposite
of that of the input voltage. Nelther drawback is of any consequence if the power source
is isolated from the load circuit,(irf, for example, the source is a battery) as the source and

diode can simply be reversed and the switch moved to the ground side.



1.2.2.4 COK CONVERTER

The Ciik 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 multiquadrant Luo-converter,

(f) Switched inductor multiquadrant Luo-converter,

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

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

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



1.2.3. Pulse Width Modulation (PWM) Basics

There are many forms of modulation [3], [21-30] ﬁsed for commﬁnicating 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 carrier 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 recolvered
from the PWM by low pass fiitering.

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

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 apd 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.



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 modlulation 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 raling 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 de-dc conversion having both step up/ step down
capability is the cik 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 analyzé 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 Ciik converter is used to obtain a 300VDC from 12V batteries. Two

stage of Ciik 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 Citk converter and PWM

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

COK CONVERTER AND PWM INVERTER

2.1 INTRODUCTION

Modern 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
vo]tages 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 Cuk

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

2.2 CUK CONVERTER

The Cik 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 Ciik converter is shown in Fig.2.1. It
“consists of ec input voltage source Vs, input inductor Ly, controllable switch S, energy
transfer capacitor C;, diode D, filter inductor Ly, 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 C|. 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 L currents of the inductors Ly and Ly , 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 L; and L, are large enough that their ripple current can be neglected

Capacitor C; is in steady state if

1,DT =1,(~-D)T @.1)

For a lossless converter
P =V =Vl = Fo (2.2)
Combining these two equations, the dc voltage transfer function of the Clk converter is
My=32=15 @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

Lyt =20 (2.4)
forL; and

Ly, = (1;?)R (2.5)
for Lz.

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

the expression for the filter capacitor C is [3]

— (=D)R
Crmin T BVLaf (2.6)
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The peak-to-peak ripple voltage in the capacitor C; can be estimated as [3]
e e

L = ¢ Rf

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

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

L1 C1

i:? , Ve S i R |.
M S ¥ D Lo TV,
vd(®) N: ~ Ve T C2 §_

(a) Circuit of Clik converter

icl B -j-Lz L2
L1 ——C1
i% | Ve 'é_ R,
L1 iLz . g +
S D L Vv
va() Ve TC2 7

(b) Circuit when switch is closed
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O
N
AWy

vd d) S D Ve T

(c) CIRCUIT WHEN SWITCH IS OPEN

Fig.2.1 Clk converter and its operation
-(a) The power circuit,
(b) Circuit when switch is closed and
(c) Circuit when switch is open.

2.3 CUK ANALYSIS OF COK converter [3]

2.3.1 FROM CAPACITOR CURRENT POINT OF VIEW [3]

The voltage gain expression of the Ciik 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,

ilca

iL 1

CLOSED
OPENED

j-L2

Fig.2.2 Typical waveform of current of capacitor
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The average voltage across C; computed KVL,
Ver =Va—VWo , 7 . (2.8

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

(ic1)ciose = —i2 (2.9)

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

is:

(iCI)open =~ (2.10)
The power absorbed by the load is equal to the power supplied by the source, i.e.

—Voliz = Vslpa '(2-11)
For periodic operation, the average current is zero,

[(i(.'l)ctose]DT + [(ECI)open](l - D)T =0 (212)
Substituting,

oo D |

s (2.14)
The power absorbed by the load is equal to the power supplied by the source, i.e.

~Voliz = Vslpy (2.15)

fin = Y 216

iz (-D) ( )
Combining, output voltage can be written as:

W_ {8 '

ve [1-43] : @.17)
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Note that the output stage (L2, Cz and R) are in the same configuration as the buck

converter. Hence,

aVy _ 1-D
Vo 8L2Czf?

In time interval DT when switch is closed,

dipg
Vi, =V, =L —
Ll d 1 dt

Aiyq _ —-Vo
oT "~ L,
or,
, VaDT V4D
diy, = Yail _ Zd”
Ly LS

Ciik design parameters
For L3, in time interval DT when switch is closed,

0= +Vc1 _VLZ + Vo

Ve =V + V=g =)+ =Vy

d-iLz
Vi, =L,—=
L2 2 dt
Or,
. VDT VgD
ALLZ =242 =
Lz Lyf

For continuous current operation,

{(1-D)?R

Limin = —EE}‘_
C_(1-D)R
Lz,min = _Zf__

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,

—¢1 L2

L1

e Y YL
.— Vei <
1r: : R | .
1L2 +
S D n z Vv
= 0
va(®) Ve, T C2
Vi, e TN V., v,
CLOSED CLOSED
t t
OPEN .
-y, - V, | OPEN |
i, i
oS e __-:5.{ __________ - [ R, = :"_‘"_—‘__.:_:: ________
- i i
t L £
T
DT T DT
Fig.2.3 Voltage and current waveform circuit when switch is open
In steady state, it can be assumed that Vi; and V1 are zero.
Voo =Vag+Vy (2.28)

It also can be seen that Ve, is larger than Vg and Vg
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When the switch is off, i.; and iy, flow through the diode. Capacitor C; is charged

through the diode by energy from Vgand L. The inductor voltage can be written as:
Vi =Va+Vea (2.29)

Which is negative since V¢ is larger than V.

This causes i to decrease.

lc 1>_ ~dn2 L 2
—> Vi <—
11 1 R | .
. L2 +
S D - g VO
vd(®) Vez C2 7
vl..l vd Vl.,z Vd
CLOSED CLOSED
t t
OPEN -V, | OPEN
Yy L .
1 12
:‘:‘:M._;_: :;_’__,.H-‘-:.’.'T' N .......... ?l':‘:—».____‘::_.h ;;._...-——_’:" - :":".-.'-_‘,_.‘._‘__-: ........
i, i,
T t
T
DT T T

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

Similarly on the output side,
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Vo ==V, (2.30)

This causes 11, to decrease.

When the switch is on, V¢ reverse — biased the diode. The inductor current ipjand i.2

flow through the switch.

Since V¢ > Vo capacitor C; discharged through the swiltch, transferring energy to the

output L. Therefore i1 increases.
The input feeds energy to L, causing to iL; increase.

Equating the integral of the voltages across L and L,

L1= =V, DT + (V= Ve )(1=D) =0 (2.31)
Ve = 1—j—DVd : | (2.32)
2=
(Ver —Vo)DT +(1—D)T =0 (2.33)
=V =2V . 2.34)
Combining:
p=g . (235),
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2.4 CASCADED CUK CONVERTER [20]

There is a limitation of single stage ciik 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 du ty cycle then the output voltage also change. It’s used
1C SG1524B for switching. In stage 1 output is reverse of the input. The output stage 1 is

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

obtained.
I y I
W N
i - i f 3 i”
e L L i N
. T {K DR
" G ) T
" dE': _JAPDSGF*U{]BN R
T I
i “ {
WA W \
Y ' \
T i

Fig. 2.5(a) Cascaded Cuk converter
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R17 é R18

Ab ___K é_:_‘ 1vde
vy -
re"'® j vz

100k |

Fig.2.5 (b) The control circuit of the cascaded Ciik converter
Fig.2.5 Cascaded Cak converter and its control circuit

Fig.- 2.5(a) Cascaded Ciik converter
Fig.-2.5 (b) The control circuit of the cascaded Citk 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 IC. 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.

20u 20u .oco1

S Fm_mJWﬁwvxd:ia:waﬂﬂwxwmﬂq VY Y -
[~ "160u L 1000 T, 1600 4 VW
. 50u ' .100u .im ‘\m
oot 2 kN e o
12vac E
ng == 50u == 100u i 2 == 20u == 20u 100u == 150
14
az
M3
__ﬂmt ] e
K IRF745 ]
MI10015
"'\.‘v
V1 =0,
vze 10 *
TO =0
TR = .0001m
vi=0 TF = .,0001m
vz = 10 PW = 045m b
TOEOQ PER = .1m o
TR=.0000m§ .|
" TF = .0001m o
PW = 04m
PER = .05m
]

Fig. 2.7(a) Modified cascaded Ciik converter circuit

mw cireuwit fiim fox profile: farhanl
Datem~ Timeo run: 073108 20:31:04 Teompearature: 27 .

(Ay fmrheanl—SCHEHATIGCl—faxhanl (activea)
Igov - T
250
zou
150
100V
50V
ov f : : o 3 : ]
) 2Dmer 40mes €Ome BOmm 100me
o V(L7:2,0) + V(R¥:2.0) X
Time
Datom: July 31, 2008 Fags 1 Tamm: Z0:40:10

Fig.2.6(b) Output Voltage after stage | and stage 2
Fig.2.7 Modified Cascaded Ciik converter and output voltage
(a)Modified cascaded Ciik converter circuit

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

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

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

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

oufput 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 normally accomplished by the pulse- width- modulatibn (PWM) within the

inverter. The inverter gain may be defined as the ratio of the ac output voltage to dc input

voltage.

The output voltage waveforms of ideal inverters should be sinusoidal. However, the
waveforms of practical inverters are non sinusoidal and contain harmonics. 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 ¢k converter and inverter can be

achieved by either converter. If the duty cycle of the clik 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 clik converter (which

keeping modulation index of converter kept constant) is shown in Fig. 2.10(a) to (e).

—>

V1 = A
V2 = -12
TD =
TR = 0.249m
TF = 0. OO‘ImS’—"”
PW =0 15vdc =0
PER = 0.25ms j_—:—

V20 0

VOFF =0
VAMPL = 11
FREQ = 50

Eig. 2.8 (a) PWM switching signal generator
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Fig. 2.8 (b) Opto coupler circuits

27



z4 76
T &L
s11 MR2 MR2406F
g1l &
gee &&—
| V10
220Vdc":: L2
T L1 y 74
NN
| =
75 | |
27 _
[: /8 D8
$22 <€—“| MR2406F ’“% 7S D10
MR 2406F
922 &
s &
gt &1
Fig. 2.8 (c) Inverter circuit with filter and load
R100 L20
; NN
L
10mH
SN 0.00001k § R70
L2 &— CSO,,ng 0.1k

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 filter 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

(b), (c), (d) and (e) It is

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

0.8, 0.9, 0.95 and 0.996 are shown in figure 2.10 (2},
from 0.7 to 0.996 given in a table 2.1.

3

cycle 0.7
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Fig.2.17 Proposed cascaded Cik converter and PWM inverter using practical switch.

(a) Cascaded Ciik converter
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(c) Switching circuit
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Fig. 2.18 () Output of cascaded ciik converter in 1% stage
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2.18 (d) Output of cascaded Cilik converter in 2™ stage
Fig. 2.18 Voltage waveform two stage Ciik converter circuit for simulation
(a) Switching signal of transistor of stage 1
(b) Switching signal of MOFET of stage 2
(¢) Output of cascaded ciik converter in 1% stage

(d) Output of cascaded ciik converter in 2" stage
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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
IGB T’s.

The waveform for the output volfage is shown in Fig2.19. That is square waveform.
When the waveform 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 Cik 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 ciik 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.

(A} pu-mimrconv:rul—SCHEMTICl-pmconbrnl (activa)

3gov

Zo0v

Loov

-ov

-lo0V

«200V
11

=300V
110as
0 V(Gll,C22}

Fig. 2.19 Output Voltage waveform of PWM inverter (Before pass filter)
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Fig. 2.20 Output Voltage waveform of PWM inverter (After a low pass filter)

(A) pvmihvconcrol-SCHEMATICl-pumcontxol activa)

400V +

zoowv

av =

—200V

0O vi{ca:1l,GZZ)}

Tanc

Fig.2.21 Output waveform of PWM inverter after a low pass filter, Rigaq = 250 ochm
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300m«
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Fig.2.22 Output Current of PWM inverter after a low pass filter, Rjgad = 250 ochm

Table: 2.2 Output power at various loads

Rlioad (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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Fig.2.23 Output voltages at variousload

Table: 2.3 Voltage gain at various loads |

Rload (ohm) Vin ‘Vout Voltage gain -
100 12 220 . - 18.33 |
150 c 12 260 : 21.66
200 12 \ 300 25
250 12 . 340 28.33
500 12 | 440 . 36.66

voltage gain

Q 50 100 150 200 250 300 350 400 450 500 550
Load (ohm) -

'Fig.2.24 Voltage gain at various loads
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Fig.2.25 Output waveform of PWM inverter after a low pass filter, Rigag = 100 ohm
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Fig.2.26 Output Current of PWM inverter after a low pass filter, Rjgaq = 100 ohin
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Fig.2.27 Output waveform of PWM inverter after a low pass filter, Rigg = 150 ohm
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Fig.2.28 Output Current of PWM inverter after a low pass filter, Rjpaq = 150 ohm
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Fig.2.30 Output Current of PWM inverter after a low pass filter, Rjpad = 200 ohm

50



400mm

J80us

F60ns

Time

340ms
5i

I20n=

D I{RBOO}

: .. ' :
: g m :
- um uuuuuuuuuuuuu - ﬁtJ. - |"||
. " "
; o : 1.
= ! | i
C ; : ; !
< I A R A A IR A R e
u mUJ : .- A
i : — d
2 Ii : Co R
2 : f A
8 . Arerdna ey e
Dn . P [ T
_ 5] 3 Gl TV
s = g F i)
A A LI IR -~
y w3 o i M ; T
R - :
: . 2 o 1 i
o ] : — : ;
S a . s ' H '
u 1
3 2 i N I
S [ 5 ' . 1 .
u — il : . :
L ] (] . .
g L o3 gl.... H . S
» s b Al : '
A 9 i . j i
o = ol : '
H @ nry W .
m - ﬂ % H . :
5 & et gl :
T T 5 Z[ :
u m S " H H
|
a4 = - 1
a e o
It H
]
m M i 3.
E = 5 :
3 =¥ g 4.
: s : ]
: i ° A "
<% o = - T
= o 5 i '
8
8 >
8 @
3
o 2
B 5 Vo
2 =y L N
> — 1l 1 .
L] u 1 1 .
g0 Voo
P4 O et
3 8 B®
a o —t ] < ] ] 4
w m (an] < v a w o
[ : - a o -
qm 1 1
=)
e
(a3

I00m#

Fig.2.32 Output Current of PWM inverter after a low pass filter, Ripud = 500 ohm



2.9.1 Variation of outpﬁt

Tt 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 Clik 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 Ciik 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 Cik 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 Cik
converter stages when modulation index of the inverter 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 Ciik 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 Cik 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 Clik converter stages fixed. Typical

waveforms 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 Ciik output voltage with duty éycle variation (after

- stage 1)
PW Duty cycle | Vout (Volt) Vin (Volt} | Vout/Vin
' -1st stage -1st stage

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 .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

Voltage.gain

" Duty cycle Vs Voltage gain - 1st stage

01 0.2

0.3

0.4 0.5
Duty cucle

0.6 0.7

0.8 0g - 1

Fig.2.33Variation of cascaded Ciik converters voltage gain with duty cycle (after stage 1)
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Table: 2.5 Variation of cascaded Cék output voltage with duty cyé]c variation (aftcr‘

stage 2)
PW Duty cycle | Vout (Volt) | Vin (Volt) | Vout/Vin
-2nd stage -2nd stage’ -
0.005 0.10 142 26 5.46
0.010 0.20 155 28 5.53
0.015: 0.30 182 32 5.68
0.02 0.40 204 35 5.82
- 0.025 0.50 240 41 1 5.85
0.030 0.60 310 51 6.07
0.035 0.70 382 . B2 6.16
0.040 - 0.80 540 . 87 6.20
0.0425 0.85 640 | 102 6.27
0.0450 0.90 620 100 6.20
0.0475 0.95 525 ' 90 5.83
0.49 0.98 212 . 38 5.57
Duty cycle Vs Voltage gain - 2nd stage
6.4
6.3
6.2
6.1
£ 6
(=]
2 5.9
3 5.8
>
5.7
5.6
5.5
5.4

0.1

0.2

- 03

0.4 0.5 0.6 0.7 0.8 09 1
Duty cycle

Fig.2.34Variation of cascaded Cik converter output power with duly 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 Duty cycle | Vout (Volt) | lout (Amps) | Vin (Volt) Pout Vout/Vin-
0.005 010 122 0.50 12 61 10.16 -
0.010 0.20 135 0.55 12 74.25 11.25
0.015 0.30 162 0.65 12 105.3 | 135
0.02 0.40 180 0.70 12 |© 128 - 15
0.025 0.50 210 0.85 12 178.5 17.5
0.030 . 0.60 260 1.00 12 260 21.66
0%035 0%70 840 {1830 2 420 p8%33
0.040 0.80 470 1.80 12 846 39.16

0.0425 0.85 500 2.00 12 1000 41.66
0.0450 0.90 480 2.10 12 - 864 - 40.00
0.0475 0.95 450 1.60 ‘ 12 720 37.50
0.49 0.98 180 0.7 12 126 15
Duty cycle Vs Voltage gain
as '
40
35
30
2s
20
15
10
5
Oo.;:)o 0.10 0.20 0.30 0.40 0.50 0.80 O.70 ©0.80 0.B0 7.t
' Duty cycle

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

Duty cyale Vs P o-ut
1200
1000
800
600
400

200

[= I - - = = 3
0.00 ©.10 0.20 ©O.30 0.40 0.50 0.60 0.70 0.80 ©.80 1.Q0 '1.1'(".‘!7‘?.20

Duty cycle

- Fig.2.36Variation of 6'utput (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

Duty cycle

Duty 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

% 5.00
£ 4.00
3.00
2.00
1.00

0.00 + : ; :

000 010 020 030 040 050 060 . 070 080 080 1.00

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

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

Sing_ Ampil M Vout (Volt) | Vin (volt} | Vout/Vin
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
9/00 0:90 340 | w2 28133
10.00 1.00 350 12 29.16
11.00 1.10 350 12 29.58

Modulation Index Vs Vout

Modulation Index

Fi g.2.3'8 Variation of output voltage with modulation index where Duty cycle, D = 0.70

Modulation Indaex Vs Voltage gain

. 30..
25.00
20,00
15.00
10.00

5.00

0.00 —— 4 & = £ d ]
0.00 0.10 0.20 0.30 0,40 0.50 0.60 0.70 0.80 0.00 -1.00 4.410 1.20

Modulation Index

.,

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

Sing_ Ampl .M Vout (Volt) (%)THD
2.00 0.20 130 . 595 -
3.00 030 |- 185. 523
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

(%) THD
o
(e ]
o

- 0.00 4

a1

Modulation index Vs (% )THD

0.00 010 020 030 040 0350 060 0.70 0.80 0.90- 1.00 1.10

Modulation index

1.20

'Fig.2.40 THD of output voltage with Variation of modulation mmdex’

"
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Table: 2.10 Variation of output Voltage with input frequency variation

Fin (Hz) 'Vo_ut (volt) ~ Vin (volt) | Vout/Vin
50 340 12 28.33
60 - | 320 12 26.67
70 30 | 12 | 2583
80 | 300 12 25

Frequency Vs Output Voltage

345
340
335
330
325
320
315

Output voltage

310
305
300

295 S v
4 . - 5. - 60 70 80

Frequency

90

Fig.2.41 Variation of output voltage with input frequency '
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_ Table: 2.11 Output voltage THD variations with variation 'ofinput frequency

Fin(Hz) |  Vout(volt) |- (%)THD

50 | 340 | 523
600 . | 320 503

70 | 310 - - 5.19

80 - | 300 . 4.13

Frequency Vs (% )THD

(%)THD

: ~ Fin(H2)

Fig.2.42 Output voltage THD variations 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 Ciik converter

1A puminvecontrol-SCHEMATICL-pumcontrol (acuive)

L50W

8 v{L2:Z,GIZ}

Fig.2.44 Variation of output voltage (across load) by Cfik stage, duty cycle = 0.20
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Tie

Fig.2.45 Variation of output voltage (acfoss load) by Cik stage, duty cycle = 0.30
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z0o0ov

100V

oV

—i100V

O Y{L2:2,G22)

Iimse

Fig.2.46 Variation of output voltage (across load) by Cik stage, duty cycle = 0.4(0
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Timw
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Fig.2.47 Variation of output voltage (across load) by Ciik stage, duty cycle = 0.50

{(A) pwminvcencrol-SCHIMATICl-pwmconticl {(mctivel
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100V

-ov
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Fig.2.48 Variation of output voltage (across load) by Cik stage, duty cycle = 0.60
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400w

zoov

oV

-Z00V
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ITime
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Fig.2.49 Variation of output voltage (across load) by Ciik stage, duty cycle = 0.70

(A} pvminveontroi-SCHEMATICIl-pwmcontrol (active)

500V

madasnsradassrasnahisarraborT

av

'
'
'

e L

-500V
300ns= 3Z20us 340m=
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Time

360my

Ae0ns

Fig.2.50 Variation of output voltage (across load) by Cik stage, duty cycle = 0.80
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(A} puwminveontrol-SCHEMATICl-pwmcontrol (accive)

s00V

: . \
I YT B

apov

zZoov

—-200V

=400V
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Time

Fig.2.51 Variation of output voltage (across load) by Ciik stage, duty cycle = 0.85
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Fig.2.52 Variation of output voltage (across load) by Cik stage, duty cycle = 0.90
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(A} pwminvcontrol-FCHIMATICL-pumconcrol (active)

s00U

..... e

400wV
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Fig.2.53 Variation of output voltage (across load) by Cik stage, duty cycle = 0.95
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Fig.2.54 Variation of output voltage (across load) by Cik stage, duty cycle =0.98
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2.9.2.2. Variation by modulation index
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Fig.2.55 Variation of output voltage (across load) by modulation index for m
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Fig.2.56 Variation of output voltage (across load) by modulation index for m
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58 Variation of output voltage (across load) by modulation index for m
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Fig.2.63 Variation of output voltage (across load) by modulation index for m = 1.00
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Fig.2.64 Variation of output voltage (across load) by modulation index for m = 1.10
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2.9.2.3. Variation by modulation frequency
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Fig.2.65 Variation of output frequency (across load)by modulation frequency, =50
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Fig.2.66 Variation of output frequency (across load) by modulation frequency, f=60
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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 clik 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 Cik converter fed PW inverter can make it possible to have supplies of

230VAC, 50Hz converted from 12 VDC. Cascadcd Cik 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 Citk converter or by controlling the
modulation index of ﬂm PWM inverter. The Clk regulators are studied with practical
switch having ground isolation. It has been observed that in the proposed DC-DC
converter when input voliage is 12VDC, the output voltage is always maintained at above
340V corresponding to output voltage 230Vrms. 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 ts 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 Cik converter fed inverter
as proposed in this thesis conventional appliances ( light, fan, TV etc) can be used with a

changeover switch with commereial electricity supply available.
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3.2 RECOMMENDATION 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 Cik 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 future research can be undertaken to implement the followings,

1. Output voltage feedback to switching circuit to control cascaded Cik
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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