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Abstract— This project is designed to improve power quality
and to reduce current type harmonics distortion andpower
factor correction in domestic non linear loads withthe help of
Vienna rectifier (three phase three level three swéh pulse width
modulation rectifier). Harmonics distortion in eledric
distribution system is increasingly growing due to the
widespread use of non linear loads. Most modern pav supplies
are non linear load which contains electronic devis that do not
conduct current over the full cycle of the appliedvoltage and so
introduce harmonics in to the power network. Hencemprove
the power quality and gives unity power factor fromsupply side.
The paper compiles and discusses the harmonics redion
method, power factor correction and power quality
improvement technique.

The simulation and experimental results demonstratehat
the proposed system reduce current type harmonicsistortion
and power quality improvement in efficient way.

Index Terms—Power quality enhancement, Vienna rectifier,
harmonics reduction method, Power quality improvemat

I. INTRODUCTION

AC-DC converters find application in everydagliés a
front-end to DC-DC and DC-AC converters. In low mow
with low cost applications, the AC to DC conversisrvery
often merely a diode bridge rectifier with capaciwoltage
filter. However, bridge rectification inherently alvs
non-sinusoidal current from the mains, which make
inadequate for high power applications due to thets
regulations on conducted EM (electromagnetic) gneag
well as the high current stress on componentshigbrpower
applications, the sinusoidal current must be algtighaped
by using either a boost type front-end convertdryocomplex
EM filtering at the input. Research and developnanthe
latter has ceased mainly due to the cost and sikeceted
with EM filters.

For medium power converters, a single-phase input
adequate and the front-end is usually a singlecbwit

non-isolated boost topology that boosts the uneggdimains
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input to a voltage higher than the rectified lir@dtage. The
switch is controlled in such a manner that the entrdrawn
from the mains source is in phase with the mairitage

(effectively sinusoidal). The zero phase anglewben the
mains voltage and the current, translates intogh piower
factor which, in turn, ensures that the sourceasloaded
reactively. For higher power outputs it is advaetags to use
a three-phase input to lower the component stremséso

reduce component size (e.g. the filter capacif®he three
phase active rectifier is based on the concept haf

single-phase active rectifier and draws sinusoidatent

from all three phases.

Controlled rectifiers are classified as being aitiselated
or non-isolated. For three-phase rectifiers, the-isolated
topologies are derived from the isolated topologigh the
magnetic coupling (and thus isolation) achievedheyuse of
split inductors. However under most circumstanbedarge,
low frequency output voltage ripple is intoleralfide direct
use.

A DC-DC converter is usually used as second stagleet
AC-DC converter and isolation is achieved in theosel
stage. For this reason it is unnecessary to usesadated
AC-DC front-end converter. Currently research is@mn
three topologies of three-phase active rectifidiise first
topology is a one quadrant, three-phase, singlekwi
two-level converter. This topology shapes the inpwtrent
using a single switch and the output is a singlsitpe
Ivoltage. The second topology is a four quadrangetphase,
six-switch, two-level converter with, as the openaimplies,
bi-directional current flow capability. Six switchare used to
shape the input current and the output is alsoglespositive
rail. The third topology is a one quadrant, thrbese,
three-switch, three-level topology. Input curreravweforms
are controlled by three switches and the outpat [@sitive
split DC rail. The third topology mentioned is algmown as
the VIENNA rectifier and most of the current ressar
fiocuses on this type of rectifier and variants.
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. SOURCESOF POORPOWERQUALITY

Sources of poor Power Quality are listed as foltows
e Switching Power supplies
» Adjustable —speed drives
» Arc furnaces
» Electronic Fluorescent lamp ballasts
 Lightning Strike
o L-G fault
* Non- linear load
» Starting of large motors
» Power electronic devices

. NEEDOFPOWERQUALITY

There is an increased concern of power qualitytdube
following reasons:

mains.
Vienna rectifier gives various advantage applicatend
limitation they are-

A. Advantages of Vienna Rectifier-

1) Its a boost type PFC with continuous sinusoidplt
current and unidirectional power flow.

2) It needs only active switches, i.e. MOSFETS.

3) Itis Operational even in presence of unbaldmains
or only two phases.

4) Total switching losses are reduced by a facfosixg
assuming switching Frequency below 50 KHz.

5) Any malfunction in control circuit does not mfasit
itself in short circuit of output or PFC front end.

6) Sinusoidal input currents with Power Factor 990,
THD<5% and overall efficiency > 97% are obtainahith
current designs

1. New-generation loads that use microprocessar an

microcontroller based controls and power electraigizices,
are more sensitive to power quality variations thhat
equipments used in the past.

2. The demand for increased overall power system

efficiency resulted in continued growth of devicegh as
high-efficiency adjustable-speed motor drives arming
capacitors for power factor correction to redussés. This is
resulting in increasing harmonic level on powerteys and
has many people concerned about the future impesysiem
capabilities.

3. End users have an increased awareness of poaiyq
issues. Utility customers are becoming better mfeat about
such issues as interruptions, sags, and switcrangients and
are challenging the utilities to improve the quabf power
delivered.

4. Most of the networks are interconnected theses.da

Integrated processes mean that the failure of amponent
has much more important consequences.

IV. OVERVIEW OFVIENNA RECTIFIER

B. Applications of Vienna Rectifier-

A number of industrial, telecom and computing emepts
are used Salient amongst them are
1) A.C. and D.C Drives.
2) Telecommunication Power Supplies.
3) Uninterruptible Power Supplies.
4) Air Conditioning Units.
5) Computer Installations.
6) Power supplies for all industrial uses such ekling,
surface treating, motion .control, large appliarenes process
control.

7) R.F. Transmitters and Radar Transmitters andatep
stations.

C. Limitation of Vienna Rectifier
1) Unidirectional power flow.

V. METHODOLOGY

Vienna rectifier is three switching, three phased three
level rectifiers in the power factor correction.A€ voltage

There is growing awareness about line pollution angind DC voltage and input line current is sinusoidahce
deteriorating power factor due to all pervadinguictive and unity power factor is obtained. Vienna rectifiertised to a
non-linear loads. Utilities are as much concerretha users. power factor correction with the three MOSFETSs ehdéfs are
Passive power factor correction techniques areheeit used to switching loss is reduced. The Viennafiectieals
convenient nor economical; they need bulky comptsnand  with the reduction and switching losses are redunettis
are not adaptive to changing needs. Although mahitisns  method.

were offered for power factor correction. As alyiPower
equipments derive electrical power from supply reain
incorporating an active Phase PFC front end carribote
significantly in improving overall power factor ameducing
line pollution. In addition to lowering power bito the
consumers, improved power factor also contribubegatds
conservation of energy and helps in reducing diupon, by
virtue of less fossil fuel required for generatsame amount
of electrical power [16]. Thus Vienna rectifier gisbetter
power factor and other resultant effects are Id&Brlosses,

VI. VIENNA RECTIFIER

The Vienna rectifier consists of three switches NEJDS; It
converts the AC voltage into control output voltagecan
also provide sinusoidal input currents and controtput
voltage. The AC voltage from the three phase gé¢oeia
given to the Vienna rectifier. The current flowsahgh the
three MOSETs and the capacitors in the fully chaigel he
phase current rises, through MOSFETS, during thegep

) . : period, charge the capacitor. When the MOSFETS tdifn
steadier terminal Voltages, released system capa@sil qngition, current through the diode upper or lower
reduced cable & switchgear sizes. Active PFC feods also depending on direction of the current flow. By ajthe

help meet the IEEE 519-92, IEC-555 and European Bl of the pulse that turns ON the MOSFETS,
61000-3-2 standards for allowable harmonic contesits corresponding line current is forced to be sinusbahd in
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phase with the Voltage. When the MOSFETSs is tu@iidhe
corresponding phase is connected the line induttothe
center point between the two output capacitors.
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Fig: 1 Vienna Rectifier

A. Objective of Vienna Rectifier

Three phase of input conversion and its Partidolaan unity
power factor operation. In figure-1 ACR, ACY and B@re
420V, 50 KHz, Three Phase sinusoidal input Voltages
-Vdc and +Vdc are the output connected to load.rd laee
three switches, corresponding to each phase Mlamd2vi3.
The switches are continuously at around 50 KHz. dimgy
the current from each phase of sinusoidal and as@lwith
the corresponding input Voltage unity power factor.

B. Description

In Vienna Rectifier configuration as shown in figt, the
output capacitor is split into two parts as two aqualue
capacitors C1 and C2 are connecting the serie deuece.
Across the output capacitors the —Vdc and +Vdaearelop
the three Phase level output. A switch for eachsphia
connected, such that wherONI, it connecting the phase to

the center mode of Cl1 and C2 through a series with

inductance. The common of C1 and C2 will have \gsta
with sine wave shape, having three times outputagel
frequency and its amplitude will be phase voltage.

C. Switching Mode of Vienna Rectifier

The Vienna rectifier has three switches, (ON\OFF}the
phase current and voltage in each phase will beraéated.
So, the phase voltage is depends upon the directiphase
current and switch position of the switch (ON/OFRd the
polarity of the current in each phase determineréudifier
voltages at any instant of operation. In order istuks the
operation principles of the rectifier, in Phasesf&xplained at
the Phase B and Phase C. If the current is posiind the
switch Ta is off, the current flows through diodad the
voltage between the converter A and the DC midpbiris
DC/C2. The conduction path for this case is illatd in
Figure-4.3 2(i). If the polarity of the line curiteis positive,
and the switch is on, the voltage is 0, in whiah ¢bnduction
path in Figure-4.3 2(ii) Similarly, the voltage came
determined in other states as illustrated in FigliBe 2(iii)
and (iv).This operating of principles also can gpfor an
Phase B and phase C to determine the VBM and VCM.
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Fig: 2 Switching Of Vienna Rectifier

Conduction states of the Vienna Rectifier, for @@, b,
ic<0, valid in a 60D sector of the period T1 Sa, &hd Sc
characterize the switching state of system. Thewer
represent the direction and value of the curredpwint i0

VII. SIMULATION AND RESULT
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Fig 3.Simulation Diagram

In this simulation diagram when the non linear loiad
connected to the three phase source and to mehsuirgout
source voltage and current by using scope 1. Teuneahe
source voltage in scope 2 and also measure thautoafp
Vienna rectifier (i.e.) DC current is measured ¢oEe 2. In
this scope 2 we also measure the filter currerthefpower
active filter. In scope 3 we measure the load gatdoad
current. Here we will eliminate current type harmesrnwith

the help of Vienna rectifier with using shunt aetigower
filter.
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Fig 4.Vienna Rectifier

This is the simulation diagram of Vienna rectifiém. this
simulation diagram when the three phase AC suppinien
and it convert it into dc without producing harmznand also
reduce harmonics in source side.
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Fig 5 Output of three phase source after distorind pure sine wave

In this simulation result shows that the outputhwée phase
source current, current harmonics distortion atithe of non

linear load connected to the source. When the rdisto
occurs at the source side it will affect the supgptie. so we
use Vienna rectifier and also use power activerfib reduce
current type harmonics distortion in supply sidéeAusing

of filter circuits we got pure sine wave to supgpige.
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Fig 6 Outputs Source voltage, filter current, D€rent

In this simulation results shows that the threesphsource
voltage of R, Y, B phases and distortion currematrrtbe filter
circuits. The output of rectifier is DC so the diitcircuits
reduce the current type harmonics both supply artgud
side.
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Fig 7 Voltage, distortion current waveform, afteducing current type
harmonics

Fundamental (50Hz) = 18.11 . THD= 7.30%
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Fig 8 THD diagram for source current
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VIII. CONCLUSION

In this project, power quality enhancement, with tielp of
(three-phase three-switch three-level) Vienna fiectihas
been theoretically investigated in small prototypedel and
also it was proved that the harmonic distortion bagn
reduced in the non linear loads. Simulation reslitsws that
the output voltage ripples were reduced and alswais
observed that very low input current harmonicsupot and
unity power factor.

Hence it was concluded that the proposed systefin wil
address the highly distorted Voltage and currentthat
consumer’s end. This will avoid the distortion povire the
distribution System. This will enable the electtica
distribution system to embrace a greener futuresrpotently.
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