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ABSTARCT:

With the increasing of use of power electronic devices in industries, harmonic distortion in electric power
system has become a serious issue in recent years. In this paper, the impacts of harmonic distortions due
to pulse rectifier in JOCIL , pericharla, Guntur (Dist), A.P, India is investigated. Harmonic
measurements are taken with the help of ALM power quality analyzer .From these measurements the
impact of harmonicsisanalyzed
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1. INTRODUCTION

Before twentieth century, linear loads are the pnaidiant in electrical power system. These loade hidtle
effect on the fundamental frequency because theerurises and falls in proportion to the voltagaver. In
recent years, industries use devices such adieesior converters, power supplies and other p@iectronics
devices. These nonlinear devices distorted sinaboichveform because the current flow was not dyect
proportional to the voltage. Non-linear loads cawseeforms that are multiples of the fundamentagjfrency
sine wave to be superimposed on the base wavefidrase multiples are called harmonics, like the fesqy
of the second harmonic is two times the fundametttal third harmonic is three times the fundamentake
combination of the sine wave with all the harmorgesates a new non sinusoidal wave of entirelyedsffit
shape is called harmonic distortion. Figl showstypécal distorted wave form . The nonlinear lazh be
modelled as load for fundamental current and agreent source for the harmonic current. The mainmrc®of
the harmonics is any non-linear loads that prodbeevoltage harmonics and current harmonics. Tbus
because the resistance of the device is not aatndthe resistance in fact, changes during eachwgave. So,
non linear device is one in which the current is prmportional to the applied voltage. Harmonicreats and
voltage distortion are becoming the most severecanaplex electrical challenge for the electricaluatry[1]
This paper is organized as follows: Section |l diéss effects of harmonics. Test system undercensitbn is
described in Section Ill and In section IV expezittal results are presented.
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Fig(1) Resultant distorted waveform of fundameatad 7th harmonic

2. EFFECTSOF HARMONICS

The presence of harmonics on the system can calmeofpractical problems to various users. The
presence of harmonic currents on the system ime=rfevith the normal operation of communication wits
appearing as unwanted noise on the communicati@amrneh. One of the major problem encountered by
customers and utilities; alike is the cause of cengation capacitor bank failure due to harmoniomasce2].
Capacitor banks which offer a low impedance pathigter harmonics may overload and fail due todased
dielectric loss. This resonance may also occur wéidictive components of the network, creating susth
overvoltages. It has been bserved that when twbree capacitor banks are in service there israfiignt fifth
harmonic current preseff].Depending on the phase angle relation betweerutidgamental and fifth harmonic
the peak voltage on the capacitor could exceedrtbahally permitted, thus causing the capacitofaibon
occasion.The presence of harmonic current causesaised eddy current and hysterdegses in the iron
cores of transformers, motors, fluorescent ligHtalsg etc.The total harmonic distortion of a
signal is a measurement of the harmonic distopresent and is defined as the ratio of the suttneopowers
of all harmonic components to the power of theundamental frequency . THD is used to charactdtize
linearity of audio systems and the power qualitelefctric power systems. Total harmonic distortionTHD,
is the summation of all harmonic components of Wiodlage or current waveform compared against the
fundamental component of the voltage or currentevdhe formula above shows the calculation for TéiDa
voltage and current signals. The end result is &gmage comparing the harmontomponents to the
fundamental component of a signal. The higher #vegntage, the more distortion that is presenhemtains
signal. The RMS voltage or current “total harmonigtattion”, Vthdandlthd, respectively can be expressed as:

> vy

THD , = “:V;xmo %( 1)

100 %( 2)

151



E-ISSN: 2321—9637
Volume 1, Issue 5, December 2013

| nter national Journal of Research in Advent Technology

Available Online at: http://www.ijrat.org

3. DESCRIPTION OF TEST SYSTEM

JOCIL uses couple of rectifiers for its electroyygirocess. One is diode based and other is thyfisteed
twelve pulse rectifiers unit. The thyristor bassohtrolled rectifier unit provides variable DC outpfor
electrochemical application. Whether it is the prcitbn of the gas in electrolytic cells, electradysf salt or
plating bath, the output is to the desired levghrdless of fluctuations in AC mains or changetharegulatory
controller, does is less and down time reducedrtApam these, it has the added features of acewattrol

and fast response. 12 pulse rectifiers consiswof six-pulse rectifiers, displaced by °36lectrical degrees,
operating in parallel. The 30-degreesss phase ishifbtained by using a phase shifting transforréis also
uses an isolation transformer with a delta primaryglelta connected secondary, and a second wyesctath
secondary to obtain the necessary phase shift.r@ttdier equipment basically comprises of the aibled
rectifier transformer, thyristor converter and #lenic control with annunciation. The rectifier tisformer is
connected to the thyristor cubicle housing thecaili controlled rectifiers which converts the ACRE. The
SCRs are mounted on cooling fins which are placeduich a way as to provide good cooling. The cabicl
houses the associated components of SCR like sathictor fuse, trigger modules, surge suppressorshes
system converting the AC to there DC consists efftillowing units 1. Rectifier transformer2. Thrphase
fully controlled thyristor bridge.3. Control cubécRectifier tranformer:The three phase AC suppligisto the
primary of main transformer input bushings. Thetifiec transformer is provided with off line tap ahging
switch in the primary for voltage variation. Thansformer secondary connections are brought aheabp in
the form of bushings for connections to the reetiftubicle. A set of interconnecting bus bars angpked
provided the equipment. The transformer is joled with the standard fittings and protection lg@as oil
relay, oil temperature indicator, magnetic oil gawnd explosion vent etc. Three phase fully rotlied
thyristor bridge:The three phase Ac output from thetifier transformer is fed to two three phasdyfu
controlled thyristor bridges in parallel and havinger phase transformer connected between thetivegd the
two bridges. This ensures current sharing betwkernwo bridges.The thyristor bridge consists ohhigpwer
silicon controlled rectifiers. Each bridge consist®ighteen SCRs. Each SCR is protected by afdstg series
fuse and dv/dt circuit. Trip fuse across the deweges fuse provides alarm/indication in the carpanel for
blown fuses. The SCR Bridge is protected agairmitinoltage transients by a suppression networkpeising
of rectifier bridge MR, RS and CS. The complete S3Bembly is cooled by 2nos of heavy duty axiaivkis.
Bleeder Resistor RB is connected across the R@ubterminals. SCR trigger pulses are provided itsy
respective pulse amplifier cards which are moumtedhe SCR modules. The negative bus of the SCRleub
houses the DC current transformer for measurenfddCocurrent and feedback to control cubicle totooirthe
current output. Control cubicle:This houses ttentroller rack for thyristor controlled rectifiewith
annunciation and indicationBlower supply for the rectifier cubicle is providedy contactor CON1-
CONZ2.Protection of blower is provided by fuse aimddial overload O/L1-L2 relays. Push button PB1 BB®
are for PROSESS ON/OFF push buttons. Push butt@ PB4 and PB5 are for ALARM ACCEPT, RESET
and LED TEST. PR6, PB7 are for BLOWER-1, BLOWER-R/OFF Contractor CON4 and CON5
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Fig(2) rectifier unit

provides supply to the pulse amplifier cards andtmdler. Phase fail/reversal circuit monitors thmput
transformer secondary supply as well as its seque®1 to TR6 are auxiliary transformers used for
synchronizing the AC supply to the SCR firing citc’R7 provides the necessary AC voltage for thd 5
volts regulated supplies for control cards and @ds\for relays and annunciation card. TR8 provieesitation
for DC current transformer. DCCT signal proportiba the DC current is fed to the ACCT and the
proportionate mean signal is used for current faekland current output indication (Am2). The outpurrent
can be adjusted by potentiometer RV1 a speciabdesdiprocess timer circuit is provided to ensumpréime

of 12 minutes in both dummy switching ON and swittghOFF the rectifier.

4. EXPERIMENTAL RESULTS

Measurements are taken by using the the ALM powality analyzer. The harmonic analyzer is a sojattd
instrument from we can get the harmonic distortiothe current waveform.

Gy 05a 2 04a (3 05a

>

B el

«bt= S0m=s Ii= +1 2= =0 &= -

RMS THD CF i IEEE &

=1

>

Fig (3) The current waveforms at primarysiderahformer

153



E-ISSN: 2321—-9637
Volume 1, Issue 5, December 2013

| nter national Journal of Research in Advent Technology

Available Online at: http://www.ijrat.org

AhO1 (H1000x (& 1000x G 1000x —
0.4 a 04a 0.5a

w gl = [ b0~ —.,,.I
= ¥ e
o =4
n
-
iz
= 3 -
Tt

1 3 £ 7 0 11 131;.|';['-:|2'|:i3:€5.n

M B Vi U A @~

fig(4) harmonic spectrum of all phases(primary kide

Star 2KA:;

251

20

151

O nen
10 characteristic

oL L L1 1 o
35 7 9 1113 15 21

Fig(5) harmonic spectrum 2KA side

154



E-ISSN: 2321—9637
Volume 1, Issue 5, December 2013

| nter national Journal of Research in Advent Technology

Available Online at: http://www.ijrat.org

Star 3KA:
30

251

20+

15 O non
characteristic

3 5 7 9 11 13 15 21

Fig (6) harmonic spectrum 3KA side
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Fig(7) harmonic spectrum 3KA side

From fig(5) we can see that triplet harmonics armithating .Here only the'Bharmonic is and the other triplet
harmonics are negligible. This effect shows thatetis a small firing imbalance.From fig(6) we ca® that the
entire graph is dominated by the Triplet harmorsoswe can conclude that there is a large commutatio
problem. We can say that this type of graph is aimdble.From fig(7) characteristics harmonics aymithating
but there is a considerable non characteristianbaics i.e. triplet harmonics. But thé® harmonic is

comparable to the dominant harmonic. The graplthfload and the THD is given below for star side
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Fig(10) %THD vs load in B phase

From graphs we can conclude that with increasbénoutput load from 2k to 3.5k the distortion i€&sing.
At the 2k load the distortion is 82% which is n@&sttable. So operating at the lighter loads witlr@ase the
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harmonic distortion which is not healthy for thessm and the surrounding environment. But ther@ lisss
difference between 3k and 3.5k. The THD is decrgpand reaching an almost constant value in eaakeph

5. CONCLUSION

It is found that Due to the unbalance loading shsiand non characteristic harmonics are predoritiag
loading is one of the important factors which calese pf and high harmonics as the chopping of inpate
form is much at lighter loads to reduce currentisltsuggested that filters should be placed to cedhat
harmonic distortion
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