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Abstract—In this paper harmonic reduction of three phase
diode clamped multilevel inverter for grid connectel solar system
is analyzed. Solar system is controlled and maximurpower is
obtained by fuzzy based MPPT technique. Sinusoidal u#se
Width Modulation (SPWM) is used to control the three phase
three level and five-level inverter and the simulabn is achieved
through MATLAB/Simulink. The results of the three phase
three-level and five-level inverter are compared ath low THD
rate is achieved for high level inverter.
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l. INTRODUCTION

Energy demand is the major problem today. So, werar
a situation to use alternate energy source. Rerlevaalergy
sources put a path in alternate energy sourcesteTaee
numerous energy sources like solar power, wind potigal
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power converters thus generating higher voltageke T
multilevel inverter is more powerful, it providesiergy in
higher-power situations. Thus, multilevel invertare suitable
for high voltage and high power applications duetheir
ability to synthesize waveforms with better harneospectrum
[5]. A multilevel inverter not only achieves highower
ratings, but also enables the use of renewableggrsziurces.
Using multilevel technique, the amplitude of theltage is
increased, stress in the switching devices is redlund the
overall harmonics profile is improved. The othetrattive
features of the multilevel inverter are staircasaveform
quality, common mode voltage, input current, swiigh
frequency.

Multilevel inverter has several topologies like déoclamped
multilevel inverter, flying capacitor multilevel werter, and
cascaded inverter with different DC sources. NéuBaint

power and geothermal energy power. Here, solar pasve  Clamped (NPC) or Diode clamped multilevel inverter
cor!s!dered._ PV generation has _numerous advantages | topology is employed in this paper due to theirdfigs such
emitting noise; fuel costs and maintenance; it dugscause as: limit voltage stress; the capacitors need lterfonly the

pollution [1]. The PV system operates at its higheffciency
at maximum power point. The amount of power geeerdty
a PV generator depends on operating voltage dPtharray.

high-order harmonics of the clamping diodes cusetdw-
order components intrinsically cancel each otheritching
frequency can be low; reactive current and negagiiase
sequence current can be controlled.

The maximum power operating point changes with

insolation level and temperature [2]. Maximum power
tracked from the PV array by several techniqueses€éh
techniques are named as MPPT techniques such
perturbation & observation, incremental
parasiticcapacitance, constantvoltage, neural n&twand
fuzzy logic control have been proposed to extraakimum
power from the PV array [3]. In this paper FLC ised to
track the MPPT from the PV array. Design of fuzgysimple
and the implementation is cheap and good. The bugpiast
and accurate. The output of PV array is conneaied\terter

[4].

Multilevel voltage source inverter is recognized as
important alternative to the normal two-level vgkasource
inverter especially in high voltage applicationsstead of
using one converter to convert an AC current intd@
current, a multilevel inverter uses a series of isenductor

Abundant modulation techniques have been introdficed
control of inverter like Sinusoidal Pulse Width Mddtion

§SPWM), Space Vector Pulse width Modulation (SVPWM)
conductanceSelective Harmonic Elimination Pulse Width Modubati

(SHE-PWM) [6]. Among all techniques Sinusoidal Ruls
Width Modulation (SPWM) is used here.

.  SOLARARRAY

Solar array is the combination of solar cells catea either
in series or parallel type. Series connectiongesponsible for
increasing the voltage of the module whereas thallph
connection is responsible for increasing the curirethe array
[7]. A solar cell can be modeled by a current seusad an
inverted diode connected in parallel to it. It itasown series
and parallel resistance. Series resistance isalbatrance in
the path of flow of electrons and parallel resistais due to
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the leakage current. This model is shown in fignlthis PV
array of KC200GT
specifications:
voltage-26.3V; maximum power current-7.61A.

T 1 -

Rs
Fig 1.Equivalent circuit of a solar cell

Rp

The basic current equation of solar array is

[=1I,.-1, (1)
where
Io=1I,(e" e — 1) 2)

From (1) and (2),

I =1 —I,(e?e/*T — 1) ()

where,

I, is reverse saturation current of diode.
Iscis short circuit current.

g is electron charge.

v,4is voltage across diode.

k is Boltzmann constant.

T is junction temperature in kelvin.

As sunlight strikes a solar cell, the incident emyeris

converted directly into electrical energy withoutnya
mechanical effort. Transmitted light is absorbedhimi the

semiconductor by using its energy to excite fregtebns from
a low energy status to an unoccupied higher enésugl.

When a solar cell is illuminated, excess electrolelpairs are
generated by light throughout material hence thejpaction

is electrically short circuited and current wilb¥.

The incidence of light on the cell generates chaageers that
originate an electric current if the cell is shontcuited [8].

I —vand® — v characteristics of the solar cell [9], [10] are
determined by MATLAB which is described below img.2.
Maximum power point (MPP) is obtained from the P¥Mw@
and/sc is short circuit curren¥/oc is open circuit voltage.

is used. KC200GT has following
maximum power-200W; maximum power
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Fig.2.P-V and I-V characteristics of solar cell

Fill factor (FF) is widely used to measure the salkll overall
quality. It is the ratio of the actual maximum powkrpV vep)
to the theoretical one {dVo¢), which is not obtainable. The
reason for that is that the MPP voltage and curaeamtalways
below the open circuit voltage and the short ctrauwirrent
respectively, because of the series and shunttaesiss and
the diode depicted in fig.1. The typical fill factdor
commercial solar cell is usually over 0.70.

FF = ImpPVMPP (4)
Voclsc

where,

Impp IS Maximum power point current.
VuvppiS maximum power point voltage.
Voc is the open circuit voltage.

ISC is the short circuit current.

. MPPTCONTROL

MPPT is a technique used to track the maximum pdween
the solar panel. MPPT algorithms are necessaryusecsolar
arrays have nonlinear voltage-current charactesistiith a
unique point where the power produced is maximubj. [One
of the computational methods which have demonstréite
performance under different environmental operating
conditions is the fuzzy based maximum power paiatking
technique. This technique is used here as a MPRifrato
technique. FLC depend on shape of the membershigifuns
and the rule base, not on the complex mathematiocalel. A
Mamdani fuzzy logic controller has been proposegdddorm
the MPPT, this kind of controller areusually usadéedback
controlmode,because they are simple, present lmgitséty
to noise in the input.
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Basically FLC has three parts namely: Fuzzificatioference
Engine and Defuzzification.

A. Fuzzfication

In fuzzification the conversion process of crispt $eto

linguistic fuzzy sets using fuzzy membership fuoictitakes
place. The membership function is a curvature thestcribes
each point of membership value in the input spat?].[
Membership functions are assigned as Negative Big: B),

Negative Medium(—ve M), Negative Small {ve S), Zero,

Positive Small+ve S), Positive Medium {ve M), and
Positive Big #-ve B).

The value of input error E (k) and change in e& (k) are

normalized by an input scaling factor. The inpulisgy factor

has been designed such that input values are hetdesnd 1.
Membership functions have many structures; amoraseth
triangular memberships function is used shown ig.3fi
because for any particular input there is only dieeninant

fuzzy subset. Fuzzy rule base is the basic functidn
fuzzification. Fuzzy rule base for these seven Jistic

variables is shown in table. I.

—veB—veM—-—veS 0 +veS +veM+veB

Fig.3 Input and output membership function for fuzz

TABLE I. FUZZY RULE BASE

EK) CE(K)
—veB | —veM | —veS | Zero | +veS | +tveM | +veB
—veB | —veB —veB —veB | —veB | —veM | —veS Zero
—veM | —veB | —veB | —veB | —veM | —veS Zero +veS
—veS | —veB | —veB | —veM | —veS Zero +veS | +veM
Zero —veB | —veM | —veS Zero +veS | +veM | +veB
+veS | —veM | —veS Zero +veS | +veM | +veB | +veB
+veM | —veS Zero +ves | +veM | +veB | +veB +veB
+veB Zero +veS | +veM | +veB | +veB | +veB +veB

B. Inference Engine

Using If-Then type fuzzy rules converts the fuzapdit to the
fuzzy output. Fuzzy inference engine is an opegatirethod
that formulates a logical decision based on thezyfumile
setting and transforms the fuzzy rule base intaylinguistic
output.

Syntax for IF and THEN rules

The fuzzy rules are written as
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If <fuzzy propositionzthen <fuzzy proposition>

C. Deffuzfication

The last step in the FLC process is the defuzzifina
which takes the implied fuzzy set from the infererengine
and transforms it back to a real crisp output. Tenter Of
Gravity (COG) defuzzification method is used [13].

IV. MULTILEVEL INVERTER

A multilevel power converter structure has beerdusehigh
power and medium voltage situations. The stepsnareased
to obtain an almost sinusoidal waveform. The numbégr
switches involved is increased for every level @ment [14].
Using multilevel technique, the amplitude of theltage is
increased, stress in the switching devices is redlmd the
overall harmonics profile is improved. An m-levelPN
inverter has m-1 capacitors on the DC bus. Thepaaitors
are used as a filter circuit. The voltage acros empacitor
isV4., and the voltage stress across each switchingcelasi
limited to V,. through the clamping diodes. Fig.4 represents
the circuit diagram for three phase five-level irige The
switches are triggered by switching states [15€hphase
five-level inverter has eight switches in each ghasd each
switch has parallel diode to avoid reverse conducti
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Fig.4 circuit diagram of three phase five-levelerter

Each phase has four complementary pairs that rsniron
one of the switches of the pair; require that ttieoswitch of
that pair to be off. The complementary pair of ghasis
(IGcl, 1Gc'l), (IGe2, 1Gc'2), (1Gc3, 1Gc'3), (IGc4lGe'4).
Here switches are denoted by IGx1.IG indicates siwéch
IGBT, x denotes the phase of the inverter anddkerdumeric
term denotes the position of the switch in the xaggh The
switching table for the circuit shown in fig.4 isdicated in
table.ll. Switch condition 0 means OFF state aniddicates
ON state. In general for an m-level inverter m-litshes
should be ON at any given time. The m-level NPVenter
has an m-level output phase voltage and a 2(mve) mutput
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line voltage. The number of diodes required forhepbase
would be 2(m-2).

TABLE Il. SWITCHING STATES OF THREE PHASE FIV
LEVEL INVERTER FOR PHASE

Switchin | |
g states

o

IGc 1Gc’
4 1

o|lo|lo|o|r| @
ololo|r| kM@
oo|_\|—\|—\wg)
I—‘I—‘I—‘OONQ
HI—‘OOOW§
Hooooh§

o|lr|k|k|r
N )

The clamping diodes are used to block the revesage. Fo
example if the negative sides of phase ¢ are ONge¢he D1
diode block , D3 diode blocks

Sinusoidal pulse width modulation is one type ofdoiation
technique used to trigger the switches. It is oladiby two
signals called sine wave called as reference sigmal
triangular wave called as carrier signal. By compaithese
two signals pulses are obtained. Pulse width of thegsuls
varied according to the area of the two signals. el
sinusoidal wave has magnitude higher than the drikam
wave, the comparator output is high, otherwise lelich is
shown in figure.5.

A
Carrier signal Ve

/

Reference signal VT

wt

Vs —‘

wt

m m wt

Fig.5 sinusoidal pulse width modulation techni

The comparator output is processed in a triggersg
generator in such a manner that the output voltemes of the
inverter has a pulse width in agreement with thengaratol
output pulse width. Sinusoidalgsial amplitude determines t
modulation factor [16]. Modulation factor is gives

—(5)

where A, denotes the maximum value of reference vol
( ) and A is peak to peak value of triangle wa' ).

To maintain the low total harmonic distortion, tm@dulation
index should be maintained between 0 and 1.Foe-level
inverter four triangular wave signals are compangth one
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reference signal. Pulse width of thepulses is dasecording
to the area of the two signals.

—(6)

V. MATLAB SIMULATION RESULTS

The simulation results of three ase three level and five-level
inverter are compared in terms of THD rate. Thelunbation
technique used is SPWM. The shape of the outpuhgelof
the inverter is determined by the modulating indEtxe block
diagram of the inverter circuit is shownfig.6.

C
Multilevel inverter B ( \[
A \

Ppv

MPFT FLC

PV array

PULSES

inverter Coupling

control circuit

Paower
Controller

(PD

Fig.6 Block diagram of inverter circi

The three phase three level inverter is simulatedi the line
voltage is presented in fig.7

Fig.7 line voltage of three phase three level iterenf phast

It is clear from the graph that tivoltage has three- level from
reference line. These levels vary as the level aftilavel
inverter is varied. The voltage shown on fig.8 fiae levels
from the reference line as it is a three phaselével invertel
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Fig.8 voltage and current waveforms for three pliigelevel inverter

Now, three phase three level inverter and five llemeerter
are compared and this paper clears the concephitjatevel
inverter has low THD rate. The THD values of thpgese
three level inverter for both open loop and closedp is
shown in figs 9 and 10.
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Fig.9 Open loop FFT analysis of three phase tteeel inverter
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Fig.12 Closed loop FFT analysis of three phaselével inverter

For three phase five level inverter also closeaplo
THD rate i.e.15.25% is low when compared to op@&p [6HD
rate i.e.17.28%.

TABLE.Ill. THD COMPARISON

THD% (OPEN THD% (CLOSED
SL.NO NO.OF LEVELS LOOP) LOOP)
35.13 32.14
17.28 15.35

~FFTanal

Fundamental (EﬂHz) 3663, THD= 32.14%

Co04f B
KIS B
Kl | | II I || I|I | | ]
"l I I

0 10

Harmnmc nder

Fig.10 Closed loop FFT analysis of three phaseetleeel inverter

The THD rate of three phase three level inveiger
about 35.13% and 32.14% for open loop and closeg.lo
Controllers reduce the harmonics in the invertecuii for
better performance. The THD rate of three phase fewel
inverter is presented in figs.11 and 12 for operpland closed
loop.

VI. CONCLUSION

In this paper three phase three-level and fiveellawerter is
discussed for sinusoidal pulse width modulatiomtégue and
concludes that the THD rate is low for high levalltitevel
inverter. Three phase three level inverter has Tidl2 of
about 35.13% and 32.14% for open loop and closeg lo
respectively. THD rate of three phase five levelemer for
open loop and closed loop is 17.28% and 15.35%mRhese
values it is concise that the THD rate goes onasing when
levels are increased in multilevel inverter. AndgsoalFLC
works well while tracking the maximum power fronetkolar
array. Since it is applicable to nonlinear systefre t
performance is good.
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