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Abstract- Electric Arc Furnaces (EAFs) highly reduce power quality of the network by generating disturbances such as 
harmonics and flicker. The harmonics created by powerful non-linear loads and abrupt changes of such loads (EAF) can 
considerably worsen quality of the buses voltage feeding of such loads. Electric arc furnaces (EAFs) are widely used in 
steelmaking and in smelting of nonferrous metals. The EAF is the central process of the so-called mini-mills, which produce 
steel mainly from scrap. This paper presents guidelines for the accurate evaluation of harmonics generated by electric arc 
furnace. A field study is executed at No (1) Iron and Steel Mill. This Steel Mill is located at Pyin Oo Lwin Township, 
Mandalay Division, Myanmar.   
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I. INTRODUCTION 
 
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. 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 alloys. 
 

 
Figure 1: Electric Arc Furnace [2] 

 
Disturbances produces in electrical networks by 
electric arc furnaces can significantly affect the 
voltage quality supplied by electrical power 
companies.  
 
In fact, an electric arc furnace is a non-linear, 
time-varying load, which gives rise to harmonics, 

interharmonics and voltage fluctuations. The cause of 
harmonics is mainly related to the non-linear 
voltage-current characteristic of the arc while the 
voltage fluctuations are due to the arc length changes 
that occur during the melting of the scrap. 
 
The current and voltage harmonic distortion causes 
several problems in electrical power systems, such as 
incorrect operation of devices, premature ageing of 
equipment, and additional losses in transmission and 
distribution networks, overvoltage and overcurrent. 
 
II. OPERATION CYCLE OF ELECTRIC ARC 
FURNACE  
 
The electric arc furnace operates as a batch melting 
process producing batches of molten steel known 
“heats”. The electric arc furnace operating cycle is 
called the tap-to-tap cycle and is made up of the 
following operations: 
 
 Furnace charging 
 Melting 
 Refining 
 De-slagging 
 Tapping and 
 Furnace turn-around. 
 
Modern operations aim for tap-to-tap time of less than 
60 minutes. Some twin shell furnace operations are 
achieving tap-to-tap times of 35 to 40 minutes [2]. 
 
A. Furnace Charging 
The first step in the production of any heat is to select 
the grade of steel to be made. Usually a schedule is 
developed prior to each production shift. Thus scrap 
yard operator will prepare buckets of scrap according 
to the needs of the meter. Preparation of the charge 
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bucket is an important operation, not only to ensure 
proper melt-in chemistry but also to ensure good 
melting conditions. The charge can include lime and 
carbon or these can be injected into the furnace during 
the heat. Many operations add some lime and carbon 
in the scrap bucket and supplement this with injection 
[2]. The first step in any tap-to-tap cycle is “charging” 
into the scrap. The roof and electrodes are raised and 
are swung to the side of the furnace to allow the scrap 
charging crane to move a full bucket of scrap into 
place over the furnace. The bucket bottom is usually a 
clam shell design; the bucket opens up by retracting 
two segments on the bottom of the bucket. The scrap 
falls into the furnace and the scrap crane removes the 
scrap bucket. The roof is lowered and then the 
electrodes are lowered to strike an arc on the scrap. 
This commences the melting portion of the cycle. The 
number of charge buckets of scrap required to produce 
a heat of steel is dependent primarily on the volume of 
the furnace and the scrap density. 
 

 
Figure 2: Components of Electric Arc Furnace [2] 

 
B. Melting 
The melting period is the heart of EAF operations. 
The EAF has evolved into a highly efficient melting 
apparatus and modern designs are focused on 
maximizing the melting capacity of the EAF. Melting 
is accomplished by supplying energy to the furnace 
interior. 
 
C. Refining 
Refining operations in the electric arc furnace have 
traditionally involved the removal of phosphorus, 
sulfur, aluminum, silicon, manganese and carbon 

from the steel. Traditionally, refining operations were 
carried out following meltdown.  
 
These refining reactions are all dependent on the 
availability of oxygen. Oxygen was lanced at the end 
of meltdown to lower the bath carbon content to the 
desired level for tapping.  
 
D. De-slagging 
De-slagging operations are carried out to remove 
impurities from the furnace. During melting and 
refining operations, some of the undesirable materials 
within the bath are oxidized and enter the slag phase. 
It is advantageous to remove as much phosphorous 
into the slag as early in the heat as possible.  
 
E. Tapping 
During the tapping process bulk alloy additions are 
made based on the bath analysis and the desired steel 
grade. Slag forming compounds are added in the ladle 
at tap so that a slag cover is formed prior to transfer to 
the ladle furnace. Additional slag materials may be 
added at the ladle furnace if the slag cover is sufficient.  
  
F. Furnace turn-around 
Furnace turn-around is the period following 
completion of tapping until the furnace is recharged 
for the next heat. During this period, the electrodes 
and roof are raised and the furnace lining is inspected 
for refractory damage. If necessary, repairs are made 
to the hearth, slag-line, tap-hole and spout. In the case 
of a bottom-tapping furnace, the tap hole is filled with 
sand.   
 
III. HARMONIC PHENOMENA BASIC 
CONCEPT 
 
Harmonic is a term that describes sinusoidal 
waveforms that operate at a frequency that is a 
multiple of the fundamental standard Hz frequency. If 
the fundamental or first harmonic frequency has a 
frequency of f, the second harmonic has a frequency of 
2 f, the third harmonic has a frequency of 3 f, and 
nth harmonic has a frequency of n  f. If the 
fundamental frequency is 50Hz for Asian, the second 
harmonic frequency is 100Hz, and the third harmonic 
is 150Hz.  
 
Harmonic number (h) refers to the individual 
frequency elements that comprise a composite 
waveform.   
 
For example, h=5 refers to the fifth harmonic 
component with a frequency equal to five times the 
fundamental frequency. The fundamental frequency 
varies among individual countries and applications 
[1]. 
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Figure 3: IEEE-519 Current Distortion Limits [8] 
 

The use of loads with non-linear voltage-current 
characteristics, such as the electric arc furnaces result 
in the generation of voltage and current harmonic 
distortion. In fact, electric arc furnaces may be the 
most prominent harmonic producers because of their 
great capacity lumped together at one place.  The 
standard IEEE (519-2002) recommended limits for 
current harmonic is shown in Table 1 [5]. 
 

Table.1 Current Harmonic Distortion Limits in % 

 
 
There are two orders of harmonics and these are odd 
and even. As the name imply, odd harmonics have odd 
numbers (eg. 3, 5, 7, 9, 11 …) and even harmonics 
have even numbers (eg. 2, 4, 6, 8, 10 …). Harmonic 
number 1 is assigned to the fundamental frequency 
component of the periodic wave. Harmonic number 0 
represents the constant or DC component of the 
waveform. The second harmonic undergoes two 
complete cycles during one cycle of the fundamental 
frequency, and the third harmonic traverses three 
complete cycles during one cycle of the fundamental 
frequency. Total harmonic distortion (THD) is a term 
used to describe the net deviation of a nonlinear 
waveform from ideal sine waveform characteristics. 
Total harmonic distortion is the ratio between RMS 
value of harmonic current hI and the fundamental. 
 
IV. HARMONICS EVALUATION FOR 
ELECTRIC ARC FURNACE 
 

33kV/11kV
15MVA
Z=9.0%

11kV/0.4kV
12MVA
Z=8.15%

EAF
15 Ton
7MW

 
Figure 4: Single Line Diagram of Electric Arc Furnace 

For 15 Ton EAF, 
Power rating, P= 7MW= 7000kW 
Power factor, cosφ = 0.8 
Voltage, V= 0.4kV 
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Figure 5: Current Waveform of 5th Harmonic 
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202.073AI7   
 

0 1 2 3 4 5 6 7
-250

-200

-150

-100

-50

0

50

100

150

200

250

Time (sec)

C
ur

re
nt

 (A
)

 

 

7th Harmonic Current

 
Figure 6: Current Waveform of 7th Harmonic 

 

11th Harmonic Current, f11 I0.087I        (7) 
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1098.769AI11   
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Figure 7: Current Waveform of 11th Harmonic 
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Figure 8: Current Waveform of 13th Harmonic 

 
17th Harmonic Current, f17 I0.045I       (9) 

568..329AI17   
 

0 2 4 6 8 10 12 14 16
-600

-400

-200

0

200

400

600

Time(sec)

Cu
rre

nt
 (A

)

 

 

17th Harmonic Current

 
Figure 9: Current Waveform of 17th Harmonic 

 
19th Harmonic Current, f19 I0.013I   (10) 

164.184AI19   
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Figure 10: Current Waveform of 19th Harmonic 

 

23th Harmonic Current, f23 I0.027I    (11) 
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Figure 11: Current Waveform of 23th Harmonic 

 
25th Harmonic Current, f25 I0.012I    (12) 

151.554AI25   
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Figure 12: Current Waveform of 25th Harmonic 
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 V. COMPARISON OF HARMONIC LEVEL   
FOR CALCULATED RESULTS 

load

sc

I

I
is less than 20%.  

 
Therefore,  
Acceptable TDD is 5%, 

5H  and 7H  are 4%, 

11H  and 13H are 2%, 

17H  and 19H  are 1.5% and 

23H  and 25H  are 0.6%.  
 
They are shown in Table 2 and the spectre harmonic of 
EAF is shown in Fig12.  

Table.2 Evaluated Result of Harmonic Level in %for EAF 
Harmonic     Evaluated             Allowable               Remarks 
 Order          Value (%)            Value (%) 

5H                        33.599                           4                 Not Acceptable 

7H                           1.6                            4                       Acceptable 

11H                       8.699                            2                 Not Acceptable 

13H                      1.199                        2                       Acceptable 

17H                      4.499                    1.5              Not Acceptable 

19H                         1.3                      1.5                   Acceptable 

23H                         2.7                      0.6               Not Acceptable 

25H                     1.199                         0.6                Not Acceptable 
TDD             35.2                            5                    Not Acceptable 
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Figure 13: Spectre Harmonic of EAF 

 
CONCLUSIONS 
 
In this paper, current harmonic distortion created by 
electric arc furnace of a steel plant has been evaluated. 
The objectives of this study were clearly detailed from 
the beginning. The lowest ordered harmonics of 5th 
and 7th are the most significant harmonics in 
three-phase system expect that three-phase four wire 
system where 3rd and triplen harmonics occur. The 
main focus has been on analyzing the harmonic 
current distortion from an electric arc furnace.  
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