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Abstract - The main objective of this paper is to
determine the harmonics in the Arab Steel Company (Arco
Steel) in Sadat City, Egypt. A Power Quality Analyzer device
has been installed at the point of common coupling (PCC)
and the data has been recorded during one month. The main
loads of the station are: Electric Arc Furnace (EAF) and
Ladle Refining Furnaces. Due to the presence of harmonics,
the loads were disturbed, and few problems were recorded
such as incorrect operation of devices, premature ageing of
equipment, and additional power losses in addition to
overvoltage and overcurrent. In order to mitigate the
generated harmonics, Harmonics will be considered in this
paper; a real distributed nonlinear load will be studied
which produce sever harmonics. Passive filters will be
designed to mitigate harmonics and keep it at the standard
limits. The plant was modelled in MATLAB/SIMULINK using
the measured data and then passive filters are designed to
fulfil the standard limits.
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1. INTRODUCTION

The amazing and rapid progress in electronic applications has
increased the sensitivity of devices and equipment to any
deviations in the input voltage of these loads. Hence, the
science of Power Quality (PQ) has come to light since 1967 [1].
PQ is defined as “The concept of powering and grounding
sensitive equipment in a manner that is suitable to the
operation of that equipment” [2, 3]. Voltage dips, voltage
swells, transients, harmonics, unbalance, flicker and many
other issues are recorded in the literature to cause significant
loss in production for sensitive loads such as cement factories
[4], textile factories [5], chemical and petrochemical stations
[6], and mining industries [7].

In many cases, harmonics were reported to have adverse
effects on industrial loads as well as the utility equipment [8,
9]. Harmonics are defined as: “A sinusoidal component of a
periodic wave or quantity having a frequency that is an
integral multiple of the fundamental frequency” [10]. For
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instance, Fig. 1 shows the 3rd, 5th, and the 7th harmonics for a
generic fundamental waveform with a period of T seconds.
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Fig -1: Sinusoidal generic waveform and its 3rd, 5th and 7th
harmonic.

The main cause of harmonics is the existence of nonlinear
loads such as power electronics-based loads. These include
(but not limited to) AC motor drives, DC motor drives,
Programmable-logic controllers and other controlled
industrial process [11, 12]. Other system equipment may
generate harmonics such as generators and transformers. In
principle, the loads are the responsible for producing current
harmonics which in turn most probably would produce
voltage harmonics. On the other hand, the utility may produce
voltage harmonics which in turn produces voltage harmonics
at the load terminals. Due to the nonlinearity nature of most of
the loads, voltage harmonics are normally different from
current harmonics [13]. However, both voltage and current
harmonics must be investigated in all cases.

One of the heavy nonlinear loads is the electric arc furnace
which gives rise to harmonics. The arc furnace is characterized
by time-varying, distributed and noisy parameters [14], which
causes the generated harmonics to exceed the IEEE Standard
519-1992 [15, 16]. Generation of harmonics in the case of arc
furnace is attributed to the non-linear voltage-current
characteristic and the change of the arc length during the
melting of the process [17]. In [18], individual harmonics were
reported where the 5th and the 11th current harmonics were
the most significant, 33.6 and 8.7 %, respectively.
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The Egyptian Steel Company load is the case study in this
paper where presents the measurements of harmonics were
done for a one-month duration.

2. Simulation of the source and load using matlab-
simulink

Electric Arc Furnace (EAF) is the most difficult load type in
electrical distribution system. Electric arc furnaces are used
for melting high melting point alloys such as steels as show in
fig 2. In these furnaces, electric energy is used to form an
electric arc which heats the metal by the radiant heat evolved.
Heat is generated by electric arcs and in most types of
furnaces also by resisting heating in the charge as the current
passes from one arc to another. The basic of electrical
operation of arc furnaces is the optimum current for the
selected voltages or lower current as required by the power
factor. Electric arc furnaces have founded wide applications
in the steel industry for refining and making alloy steels and
in the production of alloy [19].

Disturbances produces in electrical networks by electric arc
furnaces can significantly affect the voltage quality supplied
by electrical power companies.
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Fig -1: Electric Arc Furnace.

Substation which connected with the network to supply
Arc furnace load (Arco-steel company). There are 4- high
voltage power circuits (220 k v). Fig 3 shows the single line
diagram where the main source for loads are two power
transformer, one of them feeds high nonlinear load (Arc
furnace load), this load dived into two main load, EAF
(Electrical arc furnace) and LRF (Ladle Refining Furnaces) of
the transformer feed utility loads.
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Fig -3: single line diagram for Distributed system with
loads.
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Fig -4: nonlinear load fed from power transformer.

Figure 4 represents a real practical load which located at
Sadat city (Arab company for special steel). This load is Arc
furnace load. This type ofload can cause many power quality
problems such as voltage sag, transient, harmonics,......etc,
harmonic problem will be studied. Figure 4 shows nonlinear
load fed from power transformer through underground cable.
Power harmonic analyzer is used to measure these problems.
Power Quality Analyzer device is used to the measure of
harmonics which are recorded in table 1. Referring to this
table, the considered load causes big power quality problem
which produce each of odd and even harmonic, Also, it can be
observed that the value of 5th harmonic exceeds the
fundamental, in addition many individual harmonics are
generated and exceed the standard limits.
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Table -1: measured transformer individual harmonic

current.

H.V SIDE 220K.V M.V SIDE 22.5K.V
HARMONIC | MAX, IEEE HARMONIC | MAX. IEEE
ORDER VALUE% 519/1992 | ORDER VALUE % | 519/1992

OF FUN MAX.LIMIT OF FUN. MAX.LIMIT

3 28 3 3 58.19 12
5 175 3 5 135.52 12
7 69.5 3 7 54.85 12
9 4.60 3 9 4.4 12
11 2.68 1.5 11 3.32 5.5
13 15.83 1.5 13 11.36 5.5
15 2.31 1.5 15 1.97 5.5
17 11.99 1.15 17 8.87 5
19 7.66 1.15 19 5.25 5
21 1.56 1.15 21 1.87 5
23 2.87 0.45 23 2.46 2
25 5.2 0.14 25 3.92 2

2 20 0.75 2 38.19 3

4 8 0.75 4 12.34 3

] 8.14 0.75 6 5.56 3

8 3.39 0.75 8 2,75 3
10 1.48 0.75 10 2.5 3
12 1.49 0.375 12 2.23 1.375
14 1.33 0.375 14 1.91 1.375
16 1.08 0.375 16 1.4 1.37%
18 1.04 0. 287 18 1.24 1.25
20 0.91 0. 287 20 1.28 1.25
22 0.84 0.287 22 1.45 1.25
24 0.73 0.112 24 1.41 0.5
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Fig -5: simulation the system.

Referring to figure 5, the internal impedance of the power
transformer can be represented as inductive reactance cable
can be represented m connection which its parameters (L, C).
The considered underground sheet L=.118mh, C=. 318uf,
R=.113Q.
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Fig -6: current waveform of the system without load.

Figure 6 shows the current waveform of the system without
load, fundamental Waveform is the sinusoidal waveform that
has the supply Frequency.
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Fig -7: the system simulation considering nonlinear load.

Figure 7. shows a simulation of the studied network after
connecting the considered arc furnace load. Referring to
figure 7, the considered nonlinear load can be simulated as
several current sources at different frequencies.

Figure 8 shows The current wave form at the pcc without
filters. When EAF load is connected with the system at the
pcc, highly distortion in current wave form is occurred. Fig 8
shoes the distortion in current waveform, this figure can be
obtaining from Mat lab simulation shown in fig 8.
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Fig -8: current wave form after connected load.

Using matlab Simulink to determine the THD (total harmonic
distortion), it is found that the current THDI is 162.6%.

The short circuit current at the PCC can be calculated. It is
found that ISC=11750 A, and the maximum load demand is
1200 A.

I
£ _99
I

Referring to IEEE 519, 1992 show in table, the measure value
of current THDI after connecting the considered load is highly
greater than the THD limit.

Table 1 shows IEEE519-1992 defines levels of harmonic
currents that an industrial user can inject onto the utility
distribution system.

Table -2: Current Distortion Limits as per IEEE Standard

I <ll L<IT [ 17<h<23 | 23<h35 (35<h | THD
<0* |40 013 0.6
050 |70 AT VA 10 03 (80

03 |30

N0<100 {100 15 (40 13 07 |120

100<1000 {120 NAI N 2 L0 {150

000 (150 0|60 23 14 {200

All power generation equipment is limited those values
regardless their Isc/],

The Short circuit current Isc at the point of common coupling
(PCC) corresponding to System MVA level.

Table 3 of [IEEE 519-1992 defines the voltage distortion limits
that can be reflected back onto the utility distribution system.
Usually if the industrial user controls the overall combined
current distortion according to Table 2, this will help them
meet the limitations set forth in the guidelines [20].

Table -3: Voltage Distortion Limits

Bus voltage at | Individual THD Remarks
PCC Voltage
distortion
<69kV 3.0 50 HV system may have up
09 2161kV L5 235 to 2% THD, as in HVDC
>161 kV 1.0 1.5 terminal that attenuates
while tapped for a user.

The ratio:':'% = 9.9 which isless than 20. According to the first

row in Table, it is found that the current THD limit equals 5
%. Therefore, the current THD value exceeds the IEEE-Std.
limits. This essentially means that for the considered
distribution system, with the two filters are connected, a
power quality problem is existed.

Passive filters can be used to mitigate the harmonics, so the
power quality problem can be damped There are two
configuration of the passive filters, which are the series and
shunt filters Using either the high series impedance filter or
the low impedance shunt filter, the undesired harmonic
currents can be prevented to penetrate into a distribution
network. the series filters must carry a full load current and
be insulated for the full line voltage.

However, the shunt filters carry only a fraction of the current
that a series filter must carry. In addition, the shunt filters
may supply reactive power at the fundamental frequency.

In practice, it is found that for harmonic reduction the shunt
filters are more Suitable than the series filters. The most
common shunt filters are the single tuned filter and the high
pass filter. Shunt single tuned passive filter is the proposal
which connected at the PCC.

Referring to the harmonic contents which show in table 3, it
is noted that the individual value of the 2th3th 4th 5th
harmonics exceed the standard limit, so passive single tuned
filter be designed as flow.
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Referring to the real measure measurements which applied
on the considered load it is found the 5th exceeds the
fundamental 162 %. while there are only two single tuned
filter in the site to eliminate the2rd and the 3rd the
harmonics. So, it can be observed that the THD of the load
exceed the standard limit with the 2nd and 3rd harmonic
filters so the proposal filters are four single tuned filter for
damping each of the 2nd 3rd 4th and 5th harmonic.

The overall capacitance of the proposal filters can be
calculated using the following equations;

Qc = P(tan81 —tand2)

where: P is the 50 Hz load single-phase power, @1 & @2 are
the load power factor angles before and after correction,
respectively.

Qc

C =
AL

Table -4: old and new Pf and total capacitance

Pf, 63

Pf. 98

0. | 9934347353
208uf

Passive filters are usually sized to provide VARS for power
factor improvement as well as filtering the harmonic
currents. Hence, in the filter design, there are two basic
factors taken into consideration, which they are the filter size
and the filter quality factor (or sharpness). Note that, the
filter size is defined as the reactive power which the filter
supplies at the fundamental frequency.

The single tuned filter is the most commonly used filter type
and it contains a series RLC circuit as shown in Fig 9. This
filter tunes to only one frequency of the low order harmonics
as shown in Fig 10. It is to be noted that the filter capacitance
must be capable of withstanding the arithmetic sum of the
fundamental and harmonic voltages across its terminals,
where the harmonic voltage is resulted from the harmonic
current when the tuning occurred. Also, the filter coil must be
able to withstand the RMS current going into the filter. This
current includes not only the harmonic current to which the
filter is tuned, but any other harmonic currents that might be
present as well as the fundamental current [21].

g

Fig -9: single tuned filter configuration

i P

Fr Hz

Fig -10: frequency response of single tuned filter

Then, the filter capacitance is computed as:

Qc

C =
AL

W, = 2nF,

the fundamental frequency. Referring to figure (a) the filter

where Vis the supply phase voltage, and fois

impedance for any frequency is given by

1
=R+ JWL——
z J{ We

where R and L are resistance and inductance of the filter coil
respectively. The filter resonance occurs when the imaginary
part of its impedance is equal to zero that is when Z= R.
Hence, the filter resonance frequency (f.) is given by

For a harmonic number n, the filter inductive and capacitive

reactance’s are given as ,
Xiv = NX,
Xew = €/

N = N
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The filter quality factor (Q), which determines the filter
sharpness by Q, is computed as,

Q= 2nfL/R

Table -5: the filters parameters values

Number of L C R
harmonic
2nd .048 52 .75
3rd .0216 52 .50
4th .012 52 .37
5th .007 52 .30

from calculation of filters design, the values of parameters
can be obtained and recorded in table5.
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Fig -11: Mat lab simulation of the considered load with
shunt passive filter.

After connecting the designed filter (2hd,3rd,4th,5th) at the
pcc in parallel with the load it’s found the THD for current is
improved to 4.8% within the standard limit.

Current (A)

/Y

Time(sec)
Fig -12: current wave form after connected filter.

Fig 13 shows the frequency impedance characteristic of
the 4-designed filters where series resonance occurs at the
2hd,3rd,4th and 5th frequencies.
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Fig -13: impedance characteristic of filter.

3. CONCLUSIONS

Arc furnace loads have deleterious effects on power
systems which produce harmonics these harmonics are odd
and even harmonics it’s found that the THD for current and
voltage exceed the fundamental.

Using of single tuned filter can element harmonics,
so2hd,3rd,4th and 5th single tuned filter are designed and
connected at the pcc. After connecting these filter, the THD is
improved and become within limit.

REFERENCES

[1] A. Kusko, "Quality of Electric Power," in IEEE
Transactions on Industry and General Applications,
vol. IGA-3, no. 6, pp. 521-524, Nov. 1967.

[2] Math H. Bollen, "Overview of Power Quality and
Power Quality Standards," in Understanding Power

© 2020,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 2467



Y

JET

International Research Journal of Engineering and Technology (IRJET)

Volume: 07 Issue: 07 | July 2020

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

(3]

(4]

(5]

(6]

[7]

(8]

(]

[10]

[11]

[12]

[13]

[14]

Quality Problems: Voltage Sags and Interruptions,
IEEE, 2000, pp.1-34.

R.Dugan, M. McGranaghan, A. Santoso and H. Beaty,
“Electrical Power Systems Quality”, 3rd edition,
McGraw- Hill, New-York, 2012.

D. Bentancur, G. Perez, A. Pardo and A. Rondoni,
"Study of a cement plant experiencing power quality
problems in Uruguay,”" 16th International
Conference and Exhibition on Electricity
Distribution, 2001. Part 1: Contributions. CIRED.
(IEE Conf. Publ No. 482), Amsterdam, Netherlands,
2001, pp. 4 pp. vol.2.

J. C. Oliveira, A. L. A. Vilaca, A. de Oliveira, O. C. N.
Souto, A. Marcio and P. F. Ribeiro, "A practical case
of power quality study,” 8th International
Conference on Harmonics and Quality of Power.
Proceedings (Cat. No.98EX227), Athens, Greece,
1998, pp. 382-387 vol.1.

R. Lawrence and B. Moncrief, "Specification
guidelines to improve power quality immunity and
reduce plant operating costs," Record of Conference
Papers. Industry Applications Society. Forty-Ninth
Annual Conference. 2002 Petroleum and Chemical
Industry Technical Conference, New Orleans, LA,
USA, 2002, pp- 39-46.

J. Yaghoobi, A. Abdullah, D. Kumar, F. Zare and H.
Soltani, "Power Quality Issues of Distorted and
Weak Distribution Networks in Mining Industry: A
Review," in IEEE Access, vol. 7, pp. 162500-162518,
20109.

M. Almutairi and S. Hadjiloucas, "Harmonics
Mitigation Based on the Minimization of Non-
Linearity Current in a Power System", Designs, vol.

3,n0.2,p.29,2019.Available:.10.3390/designs302002

9, http://www.mdpi.com/journal /designs .

"The Effects of Power System Harmonics on Power
System Equipment and Loads," in IEEE Transactions
on Power Apparatus and Systems, vol. PAS-104, no.
9, pp- 2555-2563, Sept. 1985.

P.E.Sutherland and B. Brusso, "History of Harmonics
[History]," in IEEE Industry Applications Magazine,
vol. 21, no. 3, pp. 6-11, May-June 2015.

J. S. Subjak and J. S. McQuilkin, "Harmonics-causes,
effects, measurements, and analysis: an update,” in
IEEE Transactions on Industry Applications, vol. 26,
no. 6, pp. 1034-1042, Nov.-Dec. 1990.

IEEE Recommended Practice and Requirements for
Harmonic Control in Electric Power Systems -
Redline,” in IEEE Std 519-2014 (Revision of IEEE
Std 519-1992) - Redline, vol., no., pp.1-213, 11 June
2014.

M. Etezadi-Amoli and T. Florence, "Voltage and
current harmonic content of a utility system-a
summary of 1120 test measurements,” in IEEE
Transactions on Power Delivery, vol. 5, no. 3, pp.
1552-1557, July 1990.

H. Zhao, W. Tang and Y. Yue, "Simulations on
Harmonic Analysis of Arc Furnace Electrical Arc
Model," in the Proceedings of the 2010 2nd
International Conference on Information
Engineering and Computer Science, Wuhan, 2010,
pp. 1-4, doi: 10.1109/ICIECS.2010.5678403.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

E. E. Ahmed, M. Abdel-Aziz, E. El-Zahab and W. Xu,
"Investigation and mitigation of harmonics from
electric arc furnaces,” in the Proceedings of
Engineering Solutions for the Next Millennium,
1999 IEEE Canadian Conference on Electrical and
Computer Engineering (Cat. No0.99TH8411),
Edmonton, Alberta, Canada, 1999, pp. 1126-1131
vol.2, doi: 10.1109/CCECE.1999.808213.

A. A. Nikolaev, P. G. Tulupov and L. I. Antropova,
"Heating stage diagnostics of the electric arc furnace
based on the data about harmonic composition of
the arc voltage," in the Proceedings of the 2018
IEEE Conference of Russian Young Researchers in
Electrical and Electronic Engineering (EIConRus),
Moscow, 2018, pp- 742-747, doi:
10.1109/EIConRus.2018.8317198.

]J. Sousa, M.T. Correia de Barros, M. Covas, A. Simdes,
"Harmonics and Flicker Analysis in Arc Furnace
Power Systems" in the Proceedings of the IPST’99,
International Conference on Power System
Transients, June 20-24,1999, Budapest, Hungary,
pp.626-630,availableat:
https://pdfs.semanticscholar.org/2713/a60a4c366
9bbb05616ff9be48a955fde27de.pdf

Thet Mon Aye, Soe Win Naing, “Harmonics
Evaluation Generated By Electric Arc Furnace
(EAF)”, in the International Journal of Industrial
Electronics and Electrical Engineering, ISSN: 2347-
6982, Vol. 3, No.-5, May-2015.

A.T.]Jones, "Electric Arc Furnace Steelmaking, Nupro
Corporation", Jeremy, July 2009.

R. Sastry Vedam Mulukutla S. Sarma , “ Power
Quality VAR Compensationin Power Systems “, by
Taylor & Francis Group, LLC 2009.

Prof. Mack Grady," Understanding Power System
Harmonics", April 2012

© 2020, IRJET |

Impact Factor value: 7.529

ISO 9001:2008 Certified Journal |

Page 2468


http://www.mdpi.com/journal/designs
https://pdfs.semanticscholar.org/2713/a60a4c3669bbb05616ff9be48a955fde27de.pdf
https://pdfs.semanticscholar.org/2713/a60a4c3669bbb05616ff9be48a955fde27de.pdf

