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Abstract: The conventional sources of energy are limited e unable to meet the demand. There is alwagd of

generation of electrical energy worldwide, may béerms of few kilowatts to hundreds of kilowafthie power requirement
at the domestic level is terms of few kilowattstlsere should be a way to meet the electrical deratidgdmestic level during
load shading or fault. A subtitle to this could ®é/oltage controlled voltage source inverters (V@YSNow a day, such
inverters are widely used in many applications likever supplies, power quality controllers, renelamergy, marine and
military to meet the demand. Wherever an ac suigpheed from a DC source, such inverters may bd. Udeey are the heart
and soul of converting DC into an ac source. Hesaeh inverters should be designed so that theyadmest and efficient.

Inverter models can be design and simulated wiftwsoe like Matlab Simulink to check suitability dfiverter before

implementing the hardware. Loads at the domestiel lmay be linear or non- linear hence a simpler@ggh to design a
voltage source inverter using open loop is preskint¢his paper.

Keywor ds. Voltage Controlled Voltage Source Inverters, MOSFEfyristors, Open-Loop Control System

inverter [1].

A fixed DC source can be converted to ac through an
inverter. The function of an inverter is to charayéixed dc
input to an ac output voltage of desired magnitachel
frequency hence it can be said that the outputagelt
obtained from the device could be fixed or variablee
without change in frequency. A variable output agk can
be obtained by varying the input dc voltage andntaéming
the gain of the inverter constant. On the othedh#rthe dc
input voltage is fixed and it is not controllabke,variable
output voltage can be obtained by varying the gdirthe
inverter, which is normally accomplished by pulsétiv
modulation control within the inverter. [4 and 6].

An ideal inverter should have output voltage exactl
similar to a sine wave. But this is not so whenracpcal
inverter is considered. The output voltage wave tm@yon
afternoon. Hence, it is difficult to harness elieatr energy sinusoidal containing harmonics of different ordenis may

from such sources at our will. One way to do smidevelop due t0 the switching on and off of an inverter. Faw- and

fast switching devices MOSFET, IGBT, BJT and Thyis Medium- power applications, square — wave or quasjuare
etc which help in converting DC into ac source ell Wave voltages may be acceptable; this is not sohigh
power applications, where low distorted sinusoidave

1. Introduction

Exponential growth of population and industries hesd
to more demand of electrical power. The generastagions
are unable to meet the power demand. Even the drgqu
power failure, hampers the living of people inesti towns
and villages. There is misbalance in utilizationdan
generation of electrical power.

So it has become mandatory to switch engineersntb f
other alternative to meet so portion of the demaxdn-
conventional sources have their own limitations. &ample,
solar power plant depends on factors like weatbedition,
altitude and solar radiation etc. If sky is cletirg places
located at higher altitude will receive high intenof solar
radiation than the places located at low altitudeird) the
day. The luminous intensity also varies from formao
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forms may be accepteth order to achieve sinusoidal wa The root- meansquare (rms) output voltage can be fol
of low distortion, the operatingspeed of power from
semiconductor deviceshould be high. Further reduction

harmonic is possible ifrpper switching technique is appli V, = (i fTO/ZV_Edt)l/z .} (2,1)
[1 and 5]. To 0 4 2
The instantaneous outpwboltage can be expressed
2. Principle of Operation of a Single Fourier series as
Phase

Vg = %o + Z(an cos(nwt) + b, sin(nwt))

The principle of operation depends upon the swilgof 2 n=1

power eletronic devices. Accordingly ican either be half

wave or full wave inverteA half wave inveter is one which 1[ 0

requires two choppers whereas a full wave invedguires ;i f
1%

d(wt)—i—f : d(wt)l
|

which gives the instantaneous output voltv,as

four choppers. The former is discussediader 1 and 6].
2.1. Half-Wave I nverter

The principle of single phasdalf wave inverters is

explained on the basis of figure 1 as under: Vo = Xn=135.. Sm nwt =0 n246.. (2.2)

wherew = 2nf;is the frequency of output voltage in radi
per second. Due to the quarter wave symmetry obthput
voltage along the xaxis, the even harmonics voltages

absent. The fundamental component of rms output
voltage is obtained for n=1, sguation (2.) reduces to

2Vs
T
For a highlyinductive load, the loacurrent cannot change
immediately with the output voltage i.ef Q,is turned off at
t= % the loadcurrent would continue to flow throughs,

load, and lower half of the dc source until therent falls to

A single phase half wave inverter consists of thoppers ~ zero. Similarly, when Qis turned off aft = T,, the load

say IGBTSs in this case. When only d@BT Qis turned on current flows through D load, and upper half of the -
for a time /2, the instantaneous voltage across the lpis ~ source. When either of tigode [, or D, conducts, energy is

VJ2. If only the IGBT Qis turned on for a time /2, - V42 fed back to_ the dc source and these diodes are rkras

appears across the load. The logic circuit shoelddsigne feedback diodes. Figure 8hows the load current a

in such a way that both the IGBTo not turn at a time i.e. conduction intervals of the device for a purelyuative load
Qq turn on, @ should be off and vicevers: Figure 2 shows .
the wave forms forhe output voltage ai currents with V. la

resistive load. [~ W
1 | |
0 ] | l
TFundamental / ! l\/l
A Voo = Vo current, i | | l i !
% ol D] | QI | DJ t 02 Dl |

/—\ < - on on on on on

Vo, = -2 = 0.45V, (2.3)

Figure 1. A single phase half wave inverter

0 t
_V ﬁl %\,.To/ Figure 3. Current waveform with inductive load
2
. IGBTs can be replaced by any other switching devices
2R MOSFET, BJT etc as per the requiremelf t is the turn

off time of a device, therehoulc be a minimum delay time

o
-+

v Ais % To ) of ty = (t,5) between the outgoing device and triggering of

IR next incomig device. Otherwis, short circuit condition

would result through the two devic In order to avoid this

0 T, T, t condition, the conduction time is reduc The maximum
2

. . . T
conduction time of a device woubet,, = 7" —tq.

All practical devices require a certain ti- on and turn —
off time.

Figure 2. Voltage and current waveform with resistive load
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2.2. Principle of Operation of a Full-Wave Single Phase
I nverter

A single phase bridge voltage source itter (VSI) is
shown in figure 41t consists of four choppers. WhIGBTs
Q: and Qare turned on simultaneously, the input voltage
appears across the load. If IGBTsa@d (4are turned on at
the same time, the voltage across the load issedeand i—
Vs. the wave for the outpwoltage is shown in figur5s.
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|
|
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DD, 1Q Q,! Dy Dy 1Q; Q1

on on on on

Figure5. Load current with highly inductive load

+J' Q Table 1 shows the five switch statelGBTs Q, Q in
ﬂ G | figure 4 act as the switching devicey, S, respectively. If
2 T two switches: one upper and one lower conduct etsme
+ - time such that the output voltagetV;, the switch state is 1,
1 whereas if these switches are off at the same timeeswitch
- V, 10 state is 0. Figure Sshows the load current for higlr
- Q, inductive load.
V. + C, The rms output voltage can be found f the expression
-5 . as under
2 T
2 To/z 2 34\1/2
Vo = (ﬁ fo Vs dt)/2 = Vg (2.4)
Figure 4. A single phase full wave inverter . .
g gep Equation 2.2 can be extended to express the iastaotis
output voltage in a Fourier series
vy = Z,‘f:m,sm%sin nwt (2.5)
Table 1. Switch Sate for Sngle Phase Full Voltage Source Inverter (V)
State State No. Switch State Vo Vpo v, Component Conducting
|74 A S;, and Sifig>0
S, and Sare on and Sand Sare off 1 10 = 5 V D, and G if i,<0
Vs =% Dsand B if io>0
S, and § are on andSand Sare off 2 01 = > Vi S, and $ if i,<0
V; Vs Sy and B if ic>0
S,, and S are on and Sand Sare off 3 11 = = 0 D, and S if i,<0
_Vs _VS D,and Sifig>0
S, and Sare on and Sand Sare off 4 00 - 5 0 S, and D if i4<0
=% 14
T E -V D4 and [p} if i0>0
S, S Sand Sall are off 5 Off 4 %y, VSS S, and S if io<0
2 2
The fundamental rmsomponent of the output voltage
obtained by substituting n=1. Therefore the fundatale Table 2.Parameters of Inverter
voltage is PARAMETER LABEL  VALUE UNIT
v Rated power - 3.5 kVA
v, = 27sr 0.90V, (2.6)  Rated output frequency Fioac 50 Hz
Rated output voltage Vioac 230 \%
. . Battery voltage Vpat 24 \%
3. Simulation Battery and lead wire resistance Rpa 30 mQ
DC filter capacitance Cac 4 mF
The entire simulation haseen carried out in MATLAE  Inverter Switching frequency  fsu 20 kHz
7.0.1SIMULINK. Both linear and non linear lds have been Filterinductor Le ! uH
idered for open loop contraf voltage controlle( Filter inductor Resistance e ! hex
consl p p g Transformer turns ratio N 18 -—-

voltage source inverter. The parameters of ttverter are
given in table 2 [2].

The Matlab Simulink model of the sin-phase voltage
control voltage source inverter is shown in Fig6. The
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model developed using the Simulink power systenckset,
comprisesof components such as power electronic de\
(full-bridge and rectifier) and elements such as indag¢
capacitors and resistors. The DC model used coewmpabthe
battery (M) and its respective resistance and lead
resistance (Ry as well & the filter capacitor (4 and a DC
bus current measurement resistqg (heasure), which is ¢
the order of micrashms as it is only used for DC bus curr
measurement. The output from the -bridge block
comprises of the filter inductor and its gaince (k, R) and
filter capacitor with damping resistor {(@c). Also included
is the step-up transformer T The resistor ‘lneasureiS Of the
order of microehms and is only used for load curr
measurement which is similar tq;measure

]

Pl Ganersics £
RS Coniroller

Figure 6. Physical components of single phase VCVS

A system model showing the physical componentshe
singlephase \oltage controlled voltage source inve
modeled using Matlab Simulink is shown in Figi6. This

P
IGET Invartes

Batiay cumand
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inverter uses a loweltage DC bus (24pc), which is
stepped up to 240VAC using a s-up transformer (J). The
transformer provides galvanic isolation and is apde
solution for the stepping up of a I-voltage DC bus. The
DC bus in the model comprises of the battery,y), lead
wire and lattery resistance ), and DC filter capacitor
(Cgo). The fullbridge uses IGBT switching devices with -
full-bridge output filtered using a l-pass LC filter (k. and
Cr). The inductor filter resistance is representedR; with
the LC filter-dampng resistor being ;. The load connected
to the inverter (2 is considered arbitrary (linear and/or -
linear).

The PWM generator provides the switching signor the
full-bridge. The inverter system modeled with Matl
Simulink was achieved using the power system and star
simulink blocksets. The system was analyzed by sendin
required signal to scopes and the workspace, wdiickved
for analysis and design of the inverter model. TH&M
signals for each of the power ctronic devices in the full-
bridge come from the PWM generator block. This kl
allows for the switching frequency and number ofeirer
legs to be selected with all PWM signal multiplexad a
single bus into the fulbridge block (pulses). The input
this block (signal(s)) is the sinusoidal refererfoe the
inverter. For the opelvop control, he reference signal
(sinusoidal referencejs generated from a generator
Simulink. The simulink mods for open- loop control of a
linear load and a nondear loa are shown in figures 7 and
figure 8 respectively [2 and 3].
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Figure 7. Smulink Model for linear load

- E:‘H

R AT, NS 8

=Wy, i % ne % @
| L
:TL CdosAF _ ( ﬂL hn[:rrlnﬁmﬂ
| valtag Fifrvar valage2

Loty L] hadvtge
Vet

Ginessidal Retence  Pad Ganeraten

Figure 8. Smulink Model for non-linear load
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4. Results

The simulation results for liner and n-linear loads have
been obtained and are shown in figures.

4.1. Linear Load

Figures 9.1, 9.2, 9.3, 9.4 and @& the simulation resul
of the Voltage Controlled Voltage Source Invertéthvopen
loop control having linear load of 3.5 kV. From the figure
9.1, initially, the load arrent is maximum, about 6.2 and
settles around 4 After 0.33 seconds. The maximum lc
voltage is 90V and it decreases until it settlown at 60V as
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seen in figure 9.2The filter curent is quite high, and is
about 3700 A initally and settles around 200(. The high in
filter current is due to too small impedance oftetey the
filter inductor L as seen in figure €. The filter voltage is
shown in figure 9.4 The maximum filter vitage is 4V
initially. It settles to 2V after 0.33 second. Tin&tery current
settles at 500 Astarting from zer as seen from figure 9.5. In
the beginning, when the inverter is switched o, ltlattery
current starts building up. Because of the pres of LC in
the circuit, bakery current settles to 50C after 0.33 seconds.
Both, load current and load voltage are similacegt thir
amplitudes.

Figure9.1. Load current

T
Fitier Current iin Amp

Figure9.2. Filter current
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T
— Load Viohage in Vot

Figure 9.3. Load voltage

Filler Voltsge in Volt

Figure 9.4. Filter \oltage

600 y

T
Battery current in Amp

Figure 9.5. Battery current

4.2. Non-Linear Load

The various plots obtained through open loop comifa
non-linear load are shown in figure 10.1, 10.2, 10.3, H0d
10.5 respectively. As it is seen from thgure 10.: that the
current waveform is not sinusoidal as was in thsecef
linear load where both load current and load vatagere

similar. It is due to notinearity in the load, hence curre
wave form is not @zomplete sinusoidal. The amplitude of
load current becomes constant after 0.03 secortisabou
1.26 Amps.The amplitude of the volta wave is 60V as seen
in figure 10.2 The steady amplide of filter current is 1700A
and maximum amplitude of t current is 3700 A as seen in
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figure 10.3. The filter amplitude of voltage is dhwearly 0.05 seconds as seen in figure 10.4 and figure 10.5
about 2V and the battery current rises from zerd30 A in  respectively.

i T T T T T

. Load cument ln Amp

Figure 10.1. Load current

o T T T T

Load wltage in vt
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Figure 10.2. Load voltage
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Figure 10.3. Filter current
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Filter Vohage in volt

1.5

Figure 10.4. Filter voltage

500 T

300
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100

WWMWMNVWWVWVWW

Battery current in Amg

Figure 10.5. Battery current

5. Conclusions

A Matlab Simulink model of a single-phase 3.5 kVA

Voltage Controlled Voltage Source Inverter with ngeop
control has been developed for linear and nontitwss.

When the nature of load is purely linear, the lcadent
has constant frequency and amplitude after 0.3%aethis
is not so in case of non-linear load, where thel loarrent is
not sinusoidal with constant amplitude althoughrehés
decrease in steady time. When the load is nonilinbe
filter current decreases. There is also decreasss afource
current, thus allow to use non-linear load. Irrespe of the
nature of load, the filter voltage in both casemdependent
of the load current. So it can be concluded thatafmpen
loop system, the non-linear load is preferred.
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