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ABSTRACT

The advent of power electronics and computer
equipment in recent decades has brought enh:
efficiency and improved system but at the same
also created harmonics and waveform distortioméx
power system network. Due to the growing use
nonlinear load equipment and new technologie:
buildings, harmonic currents and voltages genet
in distribution systems pose a new problem
electrical engineers. This is a serious problemn
power quality is a prime concern. Harmonics are
main types of power quality problem that are v
common to the power system containing electric
furnace (EAF). Electric arc furnace (EAFS) are wyc
used in steelmaking and in melting of nonferr
metals. In this paper, EAF is presented guide lfoe
the accurate evaluation of harmonics generate
No.(3) Steel Mill, Ywama, Yangon. Passive filt
have been most commonly used to limit the flow
harmonic currents in distribution systems. TI
performance is limited to a few harmonics, and {
can intoduce resonance in the power sys

KEY WORDS: Smulation by Using Matlab Software,
Passive Filters, Nonlinear Load, Total Harmonic
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1. INTRODUCTION

Harmonics are a mathematical way of descril
distortion to a voltage or current waveform. Thirt:
harmonic refers to a component of a waveform
occurs at an integer multiple of the fundame
frequency [1]. And the objective of the electridityt
is to deliver sinusoidal voltage at fairly const
magnitude throughout their system. There
nonlinear loads on the system that produce harn
currents. These ndmear elements generate netw:
voltages with frequencies different from the netiv
frequency or absorb currents with Isinusoidal
waveforms. The widespread and growing of tt

loads has greatly increased the flow of harmi
currents on facility distribution systems. The et
on problems related to non linear devices and
influence on the systems increased considerablg
1980. This is due to the development of new pc
semiconductor devices and, as a consequence
development of new converters that affects ling:
in electric power signals substantially. The inse
on the utilization of electronic equipment modif
the sinusoidal nature of electrical signals. Tt
equipments increase the current waveform disto
and as a consequence, increment the vo
waveform distortion [2] [3].

The electric arc furnacs either AC or DC operate
It transfer the electric energy (electric arc) telinthe
scrap material held by the furnace. The arc prodi
between the electrodes low voltages and high cu
supplied by the furnace transformer.

. PRINCIPLE

OPERATION
The operation of electric arc furnace can be diViohe
into intervals namely melting and refining perio
The refining period is further divided in seve
stages. During the melting stage, the electrod
lowered through a hydraulic tuator system to
maintain the stable arc. The furnace draws ai
power in this condition. More and more buckets
scrap material are added into the furnace durim
melting stages. During the refining stage, a lorgis
established. The factors inved during the operatic
of the furnace are electrode position, electroda
control scheme, supply voltage, operation react
and the materials used for melting and refininge
installations of both AC and DC electric arc fure.
[4] have been shownin figure.1(a) and 1(k
respectively as shown.

OF ARC FURNACE
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Figure 1(a) Installation of AC Arc Furne
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Figure 1(b) Installati?Jn of DC Arc Furne

A transformer directly energizes furnace electrade
a high current circuit in AC arc furnace , wher&43
furnae employ a controlled rectifier to supply dc
the furnace electrodes. Arc furnace operation n&a
classified into stages, depending on the statuhe
melt and the time lapse from the initial energizofc
the unit. During the melting period, piecef steel
create momentary short circuits on the secondalg
of the furnace transformer. These load changegte
the arc characteristics, causing fluctuations ofesu.

The current fluctuations cause variations in reac

power, which cause a momary voltage drop c
flicker, both at the supply bus and at nearby buis:
the interconnected system. The arc currents are
uniform during the refining period and result irsd
impact on the power quality of the system. .
furnaces also create harmonload currents an
asynchronous spectral components. Harmc
represent an important power quality issue, bec
they may cause undesirable operating condit
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Figure.2 Complete Model of No (3) Ywama St
Mill

1. VOLTAGE AND CURRENT HARMONIC
LIMITS

According to IEEE Std 519992, harmonic voltag
distortion on power system 69kV and below is limi
to 5.0% total harmonic distoon (THD) with each
individual harmonic limited to 3%. The -curre
harmonic limits vary based on the short cir
strength of the system they are being injected.
Essentially, the more system is able to ha
harmonic currents, the more the custons allowed
to inject [6].

Table .1 IEEE Std 519992 Harmonic Voltag
Limits Voltage Distortion Limit

Individual Total Voltage
Bus\I/Dcc)I:télgeat _ VoIFage Distortion
Distortion (%) THDy (%)
Below 69kV 3.0 5.0
69kV to 161kV 1.5 2.5
161kV and 1.0 15
above

Table .2 IEEE Std 519992 Harmonic Current Limi
Current Distortion Limits for General Distributi
Systems (120V Through 69k

Maximum Har monic Current Distortion in

Percent of IL

Individua onic Order (Odd

sl | <11 11% 1272 %3;3 >35 | TDD

<20 40| 20| 1| 0.6 | 05| 5.0
20<50 70| 35 2| 10| 05| 8.0
50<100 | 10.0 45| 4C | 15| 0.7 12.0
100<1000( 12.0f 55| 5.C | 20| 1.0| 15.0
>1000 150 70| 6.C | 25| 1.4| 20.0

V. HARMONIC FILTERS

Harmonics currents are created by nonlinear I
that generate nosiusoidal current on distributic
power system. Nonlinear devices such as pc
electronics converters can inject harmonics alterg:
currents (AC) in the electrical power syste
Therdore, the growing use of nonlinear loads
commercial, residential and industrial are becon
more harmonic problems at utilities and custon
sides. Harmonics are the most important drawbat
power quality in the power distribution system. W\
the increase of nonlinear loads in the power sys
more and more harmonic mitigation techniques
required. There are three types of fil
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1. Passive Filters
2. Active Filters
3. Hybrid Filters [8][9].

Passive Filters:

Passive filters are basically topologies
arrangements of R, L, and C elements connectt
different combinations to gain desired suppressio
harmonics. They are employed either to shunt
harmonic currents off the line or to block theiovil
betwesn parts of the system by tuning the elemen
create a resonance at a selected frequency. The
provide the reactive power compensation to
system and hence improve the power que
However, they have the disadvantage of potent
interactirg adversely with the power system and
performance of passive filter depends mainly on
system source impedance. On the other hand the
be used for elimination of a particular harmc
frequency, so number of passive filters increagé
increase of harmonics on the systen-

They can be classified into:
1. Passive Shunt Filter
2. Passive Series Filter

a. i. Passive Shunt Filter

c == c=—

L L
Figure .3 Shunt filter connecti

Passive filters are connected in parallel with
system.Figure .3 illustrates the parallel passive fi
connection. The shunt may be grounded in one ¢
terminations, and then it will be passed only foe
tuned harmonic current and a part of the fundanh
current. The passive shunt type filter is tit only
carry fraction of current so the whole system
power losses are reduced compare to series type

V. ii. Passive Series Filt

™M ARSI

—I= —=
Figure .4 Series filter connecti

Passive filters are connected in series with tis¢esy.
Figure .4 illustrates the series passive fi

connection. A passive type series passive filtes
property of purely inductive type or LC tun
characteristics. The main component of passives
filter in AC line reactor and DC link filte

V. SIMULATION MODELSAND RESULTS

AT

Figure .5 Simulation Model of Electric Arc Furna
without Filter in No.(3) Ywama Steel M

FFT window: 1 of 100 cycies of salected signal

Figure.6 Totglwlilarrﬁonic Distortion Voltay
Waveform without Filter for EAF wh Bar (relative
to fundamenta

FFT window: 1 of 400 cycles of selacted signal

Figure.7 Total Harmonic Distortion Voltay
Waveform without Filter for EAF with List (relativ
to fundamenta

_ FFT window: 1 of 100 cycles of sebecivd signal

Fundamantal (Sohz) = 2702 , THD= B.23%

~ Figure.8 Total Harmonic Distortion Curre
Waveform without Filter for EAF with Bar (relati
to fundamentl)
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FFT window: 1 of 100 cycles of awiectad sigas o FFT window: 1 of 100 cycles of salsctad signal

Fundamanial (SOHE) = 2953, THD= 1.52%

Figure.9 Total Harmonic Distortion Curre F|gure 13 Total Harmonlc Dlstortlon Cunt

Waveform without Filter for EAF with List (relativ Waveform with PF for EAF with Bar (relative
to fundamental) fundamenta

FET window: 1 01 100 eyeles of selocted signal

Il |
lighle
Figure.10 Simulation Model of Electric Arc Furne - -
with Passive Filter (PF: Figure.14 Total Harmonic Distortion Curre
Waveform with PF for EAF with List (relative -

e e fundamenta

fi;‘.‘.’”"_f..w;_ ' Table.3 Comparison of Total Harmonics Voltage
Current Distortion % without and vh PF

Fundamental (80ts) = $04 , THD= 2 67

Without Filter 24.73Y% 8.26%

With Passive Filtef 2.62% 1.52%
Figure.ll Total Harmonlc Dlstort?bn Volta VI.. CONCLUSION AND FUTURE SCOPE
fundamental) harmonic distortion analysis in a steel plants

carried out in this paper. Here the total harmi

T e distortion (THD) was measured by the THD block
== : Simulink. The distortion for both voltage and cuntr

BNl | e ' due to the steel plant were excessive and coul
mitigated using passive filter of commensure

design in proposed. According to the simulal
results above the figures, the Ty(%) is 24.73%
and THDI(%) is 8.26% at the point of comm
: coupling (PCC) without wusing the mitigatio
Figure.12 Total Harmonic Distortion Voltas techniques in present conditions. The harm

Waveform with PF for EAF with List (relative twcﬁnty orders are measgred a'.”d among the® and
fundamental) 13" orders are dominant in No.(3) Steel N

(Ywama, Yangon). After using the passive harmq

filters, the THDy is 2.62% anc THD, is 1.52% of the
fundamental value, thus meeting the limit of haric

standard of IEEE Standard £-1992. The future work
is harmonic mitigation in distribution system byngs

active and hybrid harmonic filte
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