
 

 

 

 

 

ABSTRACT: Distributed generation based on 
wind turbine is one of the most growing, 
effective and potential technologies which has 
been scattered over the globe. This paper 
presents a permanent magnet synchronous 
generator-based wind distributed energy system 
with a static synchronous compensator where an 
energy storage is incorporated. Voltage sag is 
the most severe disturbance among all the 
power quality problems that a consumer has to 
face while running the Electric Arc Furnace 
(EAF) in the distribution system. To compensate 
such a disturbance, the custom power device 
implemented. DVR (Dynamic Voltage Restorer) 
is a series connected device that can be used in 
power system to provide the predetermined 
voltage needed by the arc furnace when sag 
appears. It also provides the other features like 
harmonic mitigation, transient reduction and 
fault current limitations. In this paper, the DVR 
has been installed in between the arc furnace 
and the distribution bus with Point of Common 
Coupling (PCC) and the compensation of the 
voltage in the arc furnace is examined when the 
fault at the distribution bus takes place. The 
results obtained from this comprehensive 
analysis proved that this entire model is 
successful to eliminate the harmonics, keep the 
voltage and current within a safe range as well 
as mitigate the voltage sag.   

KEY WORDS: voltage sag, Electric Arc 
Furnace (EAF), Dynamic voltage restorer 
(DVR), wind energy distribution system, battery 
energy storage. 

I. INTRODUCTION 
To create a pathway towards a sustainable 
universe, it is the high time that the 
renewable power should be used as much 
as possible. An excessive use of coal and 
gas-based power generation should be 
minimized as the global temperature has 
been raised to an extreme level because of 
greenhouse gas (GHG) emissions [1].  
 
 
 

 
 
 
 
 
 
 
Therefore, to build the future for the 
posterity, the technology of power 
generation should be remoulded and the 
utilization of green and renewable sources-
based generation should be patronized and 
effectively used. Recently, Distributed 
Generation (DG) based on wind 
technology has caught the eyes of the 
researchers, industries and governments 
[2]. Nowadays, the roles of DNs are 
changed a lot because of DG system. 
Traditional DNs are only used for 
delivering electricity to the customer 
whereas recently, DNs are using for power 
collections from different DGs. Though 
DGs have several advantages but they 
increase the level of harmonics in the DN, 
because of using an AC/DC/AC converter 
for sweeping the maximum amount of 
power when a Permanent Magnet 
Synchronous Generator (PMSG) based 
wind turbine system is used. Moreover, the 
use of non-linear loads in DNs is 
increasing day by day which also 
contributes to the harmonic’s distortion.  
 
The purpose of electric arc furnace (EAF) 
is to produce the maximum amount of 
steel at low cost as far as possible. The 
objective is to utilize maximum power in 
the shortest interval of time without lapse 
in the processes. Being the chaotic and 
nonlinear nature of the arc furnace, the 
parameters such as resistance, reactance, 
voltage, current, active power and reactive 
power show the significant variations 
during the process of melting of the scrap. 
Such variations cause the problems voltage 
sag/swell [3-6] at point of common 
coupling (PCC). These problems can be 
eliminated by increasing the short circuit 
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level or by using the suitable 
compensators. This paper proposes a DG 
model which contains a PMSG based wind 
system with the proper integration of 
converter control and battery energy 
storage system (BESS). Depending on the 
angle order, the total system is 
synchronized properly and run smoothly. 
The BESS controls the output voltage and 
current by injecting/absorbing a certain 
level of real and reactive power to/from 
the DN to mitigate the power quality 
issues. 
 

II. LITERATURE SURVEY 
The research wishes to put light on the 
problems associated with such systems and 
finds a perfect remedy and set a way to 
popularize wind farm based DGs to ensure 
a sustainable world. Previously, 
researchers have found different sorts of 
solutions like various filters, 
compensators, ANN (Artificial Neural 
Network) controller, current injecting 
methods and so on. However, the most 
popular current injecting methods 
sometimes are not able to suppress the 
lower order odd harmonics (3rd, 5th, 7th) 
effectively. Moreover, the traditional 
methods only deal with the harmonics 
reduction but they cannot deal with the 
other power quality issues like voltage sag 
which may damage equipment connected 
to power systems.  The DG technology 
gets a huge popularity, because it reduces 
the distribution network (DN) losses and 
generation price as well as improves the 
power quality and stability [3]. The DVR 
which is a custom power device is 
installed in front of arc furnace load. It 
compensates the voltage sag by 
introducing the appropriate and 
predetermined voltage as needed by the 
furnace which is nonlinear load [7]. It 
compensates the difference between the 
required instantaneous voltage and the 
actual distorted voltage. In this paper, the 
DVR has been used to protect the arc 
furnace load against the balanced and 

unbalanced voltage sag that happen during 
the operation of furnace. 
 
DGs can operate as backup in case of 
interruption, or for peak shaving during 
time of high demand, or as net metering 
for feeding power back into the 
distribution system. However, the negative 
impacts of distributed generation include 
some operating conflicts for fault clearing, 
reclosing and interference with relaying. 
Also islanding (where a portion of the 
utility system that is disconnected from the 
remainder of the utility system while it is 
still being energized from distributed 
resources [9]) may occur, leading to poor 
power quality for this portion and voltage 
rise which may damage the customer’s 
equipments. Other negative effects on 
power quality include harmonic distortion 
due to power electronic converter 
interface, voltage regulation problems due 
to lack of coordination between DGs and 
utility voltage regulation equipments. 
 
The relationship between power quality 
and distribution system has been a subject 
of interest for several years. The concept 
of power quality describes the quality of 
the supplier voltage in relation to the 
transient breaks, falling voltage, harmonics 
and voltage flicker [8]. Voltage flicker is 
known as luminosity variation of lamps 
which may affect the human visual system 
depending on their frequency and 
intensity. It could result from voltage 
fluctuations due for example to load 
changes in a power system. Typically, the 
frequency of fluctuations lies between 1 
and 35 Hz. Very small variations are 
enough to induce lightning disturbance for 
human eye for a standard 230V, 60W 
coiled coil filament lamp. The disturbance 
becomes perceptible for voltage variation 
frequency of 10 Hz and relative magnitude 
of 0.26% [8-10]. Huge non-linear 
industrial loads such as the electrical arc 
furnaces, pumps, welding machines, 
rolling mills and others are known as 
flicker generators. In this respect, the 
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quality of supplied voltage is significantly 
reduced in an electrical power system and 
the oscillation of supplied voltage appears 
to be a major problem.  
 

III.PROPOSED METHOD 
The Proposed system is designed with a 
PMSG based wind turbine and A Electric 
Arc Furnace power circuit with an energy 
storage system is incorporated parallel to 
the system with a DVR control mechanism 
for power quality improvement as shown 
in Figure (1). When converter generates 
current harmonics because of its non-linear 
characteristics at that time the BESS 
injects an equal amount of current with 
180° phase shift in the system. Thus, these 
two harmonics currents cancel each other 
and only the fundamental current is present 
within the system which is almost 
harmonics free. To eliminate voltage 
harmonics, current harmonics have to be 
limited. In this paper, a 12 bus radial 
distribution network is used in which 
buses are denoted by (B1, …, B12) and 
loads are denoted as (L1, ……, L11). A 
PMSG-based DG and a nonlinear load (40 
HP induction motor) are connected at bus 
5. In this adjustable speed drive, a pulse 
width modulation (PWM) technique based 
6 pulse bridge inverter is used. In addition, 
a 6 pulse bridge rectifier and a dc link 
capacitor is employed here. The power 
electronic based devices, DG as well as 
loads, are the main source of harmonics in 
active distribution systems. 
 

                                   
 
 
 
 

 
Fig. 1: PROPOSED SYSTEM 

 
A. PMSG based wind turbine  
The recent wind generation systems 
around the globe are following the trend of 
using PMSGs because they provide low 

loss of power, stable and comparatively 
high magnitude of power generation. This 
type of generator is synchronous in nature 
as they maintain the same frequency 
between the rotor and the stator magnetic 
field. In PMSG, the frequency (Hz) of the 
stator is directly proportional to the speed 
(RPM (Revolution/min)) of the rotor. In 
this paper, a 3 MVA (Mega Volt Ampere) 
PMSG is used. The equations for the blade 
dynamics of wind turbine are:  

� =
���

��
 -------- (1) 

�� = 0.5������
� ------ (2) 

 

�� =
��

��
------- (3) 

Here, �� = Angular mechanical speed 
(rad/sec), R=Radius of the turbine blade, 
��=Wind speed (m/s), λ = Tip speed ratio 
(TSR), ��= Power co-efficient, ρ = Air 
density (kg/m3),   ��= Mechanical power 
from wind turbine blades (kW), 
��=Mechanical torque from the wind 
blades (N.m), ��= Wind power [W], A = 
Area swept by the rotor [m2]. 
 
B. Electric Arc Furnace Circuit 
The description of the furnace system has 
been described as follow Supply source: 
The supply source and its network is 
decided by its short circuit power and X/R 
ratio. Step down transformer: Step down 
transformer is put in the circuit by 
considering its power, impedance and its 
X/R ratio. Intermediate network: The 
intermediate network is the network 
between step down transformer and the 
furnace transformer and represented by its 
résistance, reactance and impedance. 
Capacitor bank: It is used to improve 
power factor and also to stabilize the arc.  
Series reactor: It is used to keep the flicker 
within the specified limit. Furnace 
transformer: Furnace transformer is also 
considered by its power, impedance and its 
X/R ratio. Secondary circuit: This part of 
the furnace consists of water cooled 
cables, tubular bus, electrode holders and 
electrodes.  
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1. Resistance, Reactance and Impedance 
of the Arc Furnace Power System  
An arc furnace secondary circuit can be 
reduced by assuming that the arc is 
variable linear resistance and the 
impedance in all three phase is balance. 
The total resistance and reactance must be 
considered from starting (utility) to the arc. 
The infinite bus is just before the utility 
system having impedance (R1+jX1) Ω, the 
next is step down transformer (R2+jX2) Ω, 
the furnace transformer (R3+jX3) Ω and 
the arc resistance being RA .The value of 
(R1+jX1), (R2+jX2) and (R3+jX3) can be 
obtained by the utility.  
 
C. DVR Power Circuit  
 The DVR has the four main parts namely 
voltage source inverter (VSI), injection 
transformer, DC storage device and a low 
pass filter. The three phase DVR can be 
used for all high power applications in 
industry and domestic loads. During fault 
on other feeder, it injects series voltage 
VDVR that compensates the pre fault 
value by injecting transformer. DVR 
works independently with the fault that 
happens in the power system. The entire 
system remains connected to the supply 
grids and the breaker does not trip while 
working of DVR during fault.  For all 
practical cases, an economical design is 
required to compensate the positive and 
negative sequence component of the 
disturbance in the voltage observed by 
DVR. For a typical distribution bus 
configuration, the zero sequence part of 
the fault does not pass through the step 
down transformer due to infinite 
impedance.    
 
Three phase source are  
(���,���, ���) connected with their 
respective internal impedances ���, ���, 
and ��� are connected with three phase arc 
furnace having terminal voltages as 
���, ���  and ���. The DVR injects the 
compensating voltages ���, ���and ��� to 
make the load voltage balance and 
distortion less as, ���,��� and ���. The DVR 

has been implemented using three leg 
voltage source inverter having IGBT with 
a DC capacitor. A filter has been 
implemented to smooth the ripple in the 
injected voltage. A self supported DVR 
does not require any active power in 
steady state because the injected voltage is 
in quadrature with the feeder current.  
1. Controller and Algorithm of Flow 
Chart for DVR Operation 
The effectiveness of the DVR depends on 
the control technique involved in 
switching the inverter. Here the 
Synchronous Reference Frame (SRF) 
theory based PI control has been proposed 
as it is the most popular method for the 
voltage compensation. It offers the 
economical solution for the voltage sag 
mitigation. The control blocks of the 
proposed DVR in figure in which the 
synchronous reference frame (SRF) theory 
has been implemented for the control of 
self-supported DVR. The voltages at the 
PCC are converted into the reference 
frame using a-b-c to d-q-0 conversion as 
follow  

�
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��

��

�=
�

�

⎣
⎢
⎢
⎢
⎡��� � ��� �� −

��

�
� ��� �� +

��

�
�

��� � ��� �� −
��

�
� ��� �� +

��

�
�

�

�

�

�

�

� ⎦
⎥
⎥
⎥
⎤

�

��

��

��

� 

                                           ----------- (4) 
The harmonics and the oscillatory 
components are excluded using low pass 
filter. The d axis and q axis components 
voltages are given by 

��� �� �� + �� ��------------ (5) 
��� �� �� + �� ��------------- (6) 

 
The SRF method is implemented here to 
get the d axis and q axis components of 
load voltage. Three phase load voltage has 
been transformed to d-q-0 frame using 
Park’s transformation. To synchronize 
these signals, a three phase PLL is 
employed with the terminal voltages. The 
d-q components are passed through low 
pass filter to extract the DC components 
��

, and ��
, .To maintains the DC bus voltage 

of DVR.  The error signal of reference DC 
bus voltage and the sensed DC bus voltage 
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of DVR is given to a PI controller to 
obtain the loss components of voltage and 
is added to the DC components of ��

, to 
generate ��

∗. The reference d axis load 
voltage is therefore as    

���
∗ = �� �� − �����---------- (7) 

 
Another PI controller has been used to 
standardize the amplitude of the load 
voltage. The amplitude of the load voltage 
at point of common coupling (PCC) is 
calculated from the AC voltage  

���, ���, ���  

�� = �
�

�
(���

� + ���
� + ���

�) ---------- (8) 

The load voltage amplitude of ��is used 
over the reference amplitude ��

,   and the 
output of the PI controller is taken as the 
reactive component of the voltage ���for 
the regulation of the load voltage which is 
added with the dc component ��

, to 

generated ��
∗ .The reference q axis load 

voltage is    
���

∗ = �� �� + ���------------ (9) 

 
The resultant voltages (��

, , ��
,, �� ) are 

changed to a-b-c frame using reverse 
Park’s frame as 
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IV. RESULTS 

To verify the correctness of the theoretical 
analysis, a detailed electromagnetic 
transient simulation model of the PMSG 
based Wind Energy Distribution System is 
conducted under matlab, and the 
parameters of simulation are consistent. A 
Figure (2) shows the three-phase voltage 
sag of 40%. During the sag period, to 
avoid having over current being 
inadequately controlled by the DC bus 
voltage, the series sag compensation 
depends mainly on the support of the 
energy storage in the capacitors. Figure (2) 

shows that for a sag of 40%, after 200 ms 
of sag compensation, the DC bus voltage 
drops to 0.57 (approximately 16 kV, to 
ensure the minimum DC bus voltage sag 
compensation of 40% control performance 
under the condition of good 
compensation); thus, the PMSG based 
Wind Energy Distribution System has sag 
40%/200 ms support ability. The 
theoretical calculation time is essentially 
the same as that of the simulation result. 
 

 
(a) THREE-PHASE VOLTAGE OF POWER 

GRID 

 

 
(b) LOAD THREE-PHASE VOLTAGE 

 
 

 
(c) GRID VOLTAGE, LOAD VOLTAGE, AND 

COMPENSATION VOLTAGE 
Fig. 2: THREE-PHASE VOLTAGE SAG OF 

40%  
  

V. CONCLUSION 
The results presented in this paper have 
established the validity of using BESS 
with a wind energy system to enhance the 
power quality of DNs. A proper control of 
BESS provides sufficient real and reactive 
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power support to the DG-integrated system 
so that the power quality of the DN 
improves. The control mechanism of this 
model is arranged in such a way that it is 
able to mitigate the problems of lower 
order odd harmonics which is generated by 
the converter and non-linear load of the 
DN. The voltage sag is also reduced 
effectively with this stated system. It can 
be undoubtedly said that this approach can 
surely popularize the integration of wind-
based DG in future. The performance and 
effectiveness of DVR in compensating the 
voltage sag during the running of arc 
furnace has been presented by matlab 
simulation.  The simulation shows that the 
DVR is satisfactory in compensating the 
voltage sag sag and provides the excellent 
voltage regulation. 
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