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Özet: Çift beslemeli asenkron generatör (ÇBAG) tabanlı rüzgar türbinlerinde gerilim düşümü 
sorunlarının üstesinden gelmek için kullanılan başlıca yöntemlerden biri düşük gerilim 
iyileştirme (DGİ) yeteneğidir. Simetrik ve asimetrik arızalar sırasında bu tür gerilim düşüm 
problemlerini çözmek için, bu çalışmada ÇBAG'de DGİ yeteneğ için yeni bir geliştirilmiş 
dinamik modelleme yaklaşımı sunulmuştur. Pozitif ve negatif dizi modelleri, doğal ve 
güçlendirilmiş akı modelleri ile birlikte bir ÇBAG için önerilen DGİ yeteneği stratejisi 
kullanılmıştır. Ayrıca, stator ve rotor devre modelinin geliştirilmesi için elektro-motor kuvveti 
(EMK) uygulanmıştır. Yeni stator-rotor dinamik modellemesi, üç faz ve iki faz arızalara karşı 
geçici kararlılık çalışmasını iyileştirmek içinde kullanılmıştır. Amaçlanan dinamik 
modellemenin uygulanmasında, sistemin kısa bir süre içinde kararlı hale gelmiş ve salınımlar 
sönümlenmiştir. 
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Abstract: One of the chief methods used to overcome voltage dip problems in doubly fed 
induction generator (DFIG)-based wind turbines is low voltage ride through (LVRT) capability. 
In order to solve such voltage dip problems during symmetrical and asymmetrical grid faults, 
this study presents a novel enhanced dynamic modeling approach for LVRT in DFIG. Positive 
and negative sequence models, along with natural and forcing flux models were used to 
enhance the proposed LVRT capability strategy for a DFIG. In addition, electro-motor-force 
(EMF) was applied for the enhancement of the stator and rotor circuit model. The novel stator-
rotor dynamic modeling was also used in boosting the transient stability operation against 
three phase and two phase faults. When the proposed dynamic modeling was applied, the 
system was stabilized within a short amount of time and the oscillations ceased.  

  

 
1. Introduction 
 
With today’s increasing load demands, there are a 
number of methods that can be used to improve power 
system operating conditions. The connection of the 
systems with wind turbines is among the most 
promising of these approaches. However, in order to 
maintain system stability as the wind power 
increasingly penetrates the system, the wind turbines 
must stay connected to the power grid. When a voltage 
dip occurs, the use of a DFIG with the wind turbine can 
successfully control the system active power and 
torque and thus enhance the LVRT capability during 

various grid fault events. The following are the most 
commonly used of the various control model 
techniques for LVRT capability in DFIG mentioned in 
the literature. In the event of balanced or unbalanced 
faults, LVRT capability in DFIG is essential to counteract 
voltage dips by providing voltage support. 
Consequently, a vector control model has been used to 
improve LVRT capability in DFIG [1],[2]. In addition to 
vector control, DC link dynamic control, designed to 
protect the converter against over-voltage and over-
current during faults, has also been successfully used 
for this purpose [3],[4]. A control strategy dependent on 
the positive and negative sequences model and 
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augmented with current reference values was proposed 
for torque control during unbalanced voltage dips [5]. 
Supplementary rotor current control and series 
dynamic braking resistor models were used in DFIG to 
protect the Rotor Side Converter (RSC) and Grid Side 
Converter (GSC) [6],[7]. In order to co-ordinate RSC and 
GSC control of the DFIG together with the grid voltage 
during balanced and unbalanced faults in a DFIG, a 
voltage control strategy was developed [8]. Rotor 
voltage control is dependent on the rotor terminal 
voltage with controllable limits. The rotor voltage 
control was enhanced in order to determine the 
dynamic behavior of a DFIG. Thus, through this control 
strategy, the LVRT capability was ensured [9]. 
Moreover, a passive-impedance model was used to 
support the LVRT capability of a DFIG during both 
balanced and unbalanced voltage dips and series. These 
models were effective in achieving high efficiency 
operation at low cost for manufacturing and for 
maintenance as well [10],[11]. Another approach 
developed for LVRT capability in DFIG is that of series 
voltage compensation, in which a series compensator is 
added to the GSC for its utilization. By providing a series 
compensator, this technique delivers voltage injection 
to the line as a series [12]. In a DFIG, a proposed LVRT 
method employing a dynamic control strategy was 
applied to both the RSC and the GSC. Furthermore, a 
feed-forward was utilized to attain transient stability in 
the DFIG [13],[14]. Dynamic modeling using a base 
voltage source was designed for both stator and rotor 
circuit LVRT in the DFIG. In addition, reference current 
controllers were enhanced for the transient stability of 
the DFIG [15]-[17]. There are a number of methods 
being used to control the in DFIG for LVRT capability 
fault detection. The steady-state and transient 
components of the stator quantities are applied in the 
most commonly used methods [18]. Included in these 
stator components are voltage, current and power for 
the detection of turn faults, broken rotor bars, bearing 
failures and air gaps [19],[20]. During different faults, 
different strategies have been applied for the 
enhancement of series and parallel compensators, 
which are referred to as FACTS devices. These devices 
are important for LVRT capability in DFIG [21]-[24] and 
due to the proposed LVRT control strategy, they enable 

control of the RSC and GSC in the event of balanced and 
unbalanced voltage dips. Moreover, the proposed 
control strategy provides for the enhancement of new 
flux and rotor electromotive force models [25]-[29]. 
Demagnetizing current control and natural flux models 
were enhanced in the system and its dynamic behaviors 
were investigated during voltage sags in the DFIG 
[30],[31]. Active and passive compensators were used 
to enhance LVRT capability in a DFIG. The active 
compensator used the rotor reference current for over-
voltage during voltage dips, while the passive 
compensator used the rotor current limiter for inrush 
current during voltage dips [32],[33]. Furthermore, the 
RSC is able to restrict the stator-rotor inrush current, 
whereas the GSC has the ability to supply reactive 
power to support the grid, thereby ensuring recovery of 
the voltage in the grid. The passive compensator draws 
upon the fact that a rotor current limiter resistor is 
present in series with the rotor windings [34]. This 
study developed a dynamic model for rotor circuit 
LVRT capability in a DFIG. In addition, a novel capability 
method for LVRT was enhanced with models for stator 
and rotor electro-motor-force (EMF), and positive and 
negative sequences and natural and forcing models for 
various balanced and unbalanced faults. Positive and 
negative sequence models and natural flux were used as 
references [34]. In addition to positive and negative 
sequence models, this study also used natural, forcing 
component, stator and rotor EMF models for the test 
system. Moreover, the study investigated 34.5 kV bus 
voltage, terminal voltage, angular speed, electrical 
torque and d-q axis stator current variations. The 
findings of this study demonstrated that the enhanced 
stator-rotor dynamic models were effective against 
symmetrical and asymmetrical faults. 
 
2. Modeling of DFIG  
 
The DFIG components consist of a wound-rotor 
induction generator with the stator windings connected 
directly to the three-phase network and the rotor 
windings connected to a back to back. The DFIG is 
comprised of a RSC and GSC connected to a common DC 
bus and crowbar unit. Figure 1 illustrates the DFIG 
circuit model. 
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Figure 1. DFIG modeling 

 
The DFIG stator winding is connected to the grid, while 
the motor winding is connected to the back-to-back 
converter unit. Both converters play important roles in 
controlling magnitude and angle and DFIG active-
reactive power during steady and transient states. The 
calculations for the DFIG active-reactive powers are 
shown in Equations (1) and (2).  
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When the variables of the generator within the d–q 
synchronous reference frame were considered, four 
equations were used to represent the DFIG model. 
Equations (3)-(6) were used for the stator and rotor 
windings.  
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The d–q coordinates are given in the flux-inductance 
equations that follow.  
 

( )ds s m ds m dr
L L i L i = + +  (7) 
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Where, vds, vdr, vqs, vqr are the d and q axis voltages of the 
stator and rotor; ids, idr, iqs, iqr are the d and q axis 
currents of the stator and rotor; λds, λqs, λdr, λqr are the d 
and q axis fluxes of the stator and rotor; ws is the angular 
speed of the stator; s is the slip; Rs and Rr are the stator 
and rotor resistance; Ls and Lr are the stator and rotor 
inductance; Lm is the magnetic inductance [35]-[38]. 
 
3. Enhancement of Dynamic Modeling in DFIG 
 
Stator dynamic of the DFIG model is used to ease 
computation for symmetrical and unsymmetrical faults. 
In stator EMF model, a stator is formed through a 
transient voltage source and transient reactance where 
stator fluxes derivation is neglected. In this study, the 
main propose is that the DC element is archived by the 
stator transient current [28],[29]. Related equations 
about stator dynamic are given in (11)-(17) as follows: 
 

'

ds s ds qs d s
v R i X i e= − +  (11) 

'

qs s qs ds qs
v R i X i e= + −  (12) 
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where, eds and eqs : d axis and q axis source voltages of 
stator, X: stator reactance, X’ transient reactance, and 
M :torque. T0: transient open circuit time constant [37].  
Stator voltage in stator dynamic model, two 
components can be activated when faults occur. These 
are described as positive and negative sequence stator 
voltages, as seen in Equation (18).  
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s sjw t jw t

dqs s s
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When symmetrical grid faults are present, the negative 
sequence model in Equation (18) is zero. Small voltage 
dips were not taken into account in the stator resistance 
in Equations (11), (12) and (18). The steady-state 
components of the stator flux during grid faults are 
shown in Equation (19). 
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With improved dynamic stability in DFIG, the principle 
of constant flux linkages asserts that the stator flux 
cannot track stator voltage instantaneous changes and 
natural-forcing components created within it, in order 
to guarantee continuity of the stator flux during grid 
faults. Therefore, the total stator flux incorporates the 
steady and state components and the natural and 
forcing components: Equation (20) gives the 

calculations for the steady and state components and 
the natural and forcing components in the stator flux. 
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The stator flux positive sequence emerges with a 
counterclockwise rotation of the space vectors at slip 
speed s. ws in the rotor reference frame, as seen in 
Equation (21). 
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However, the stator flux negative sequence and natural 
and forcing components emerge with the clockwise 
rotation of the space vectors at (2-s) ws and wm speed, 
respectively. Therefore, the use of the rotor dynamic 
model depending on rotor voltage is preferred. The 
components of the rotor voltage can be demonstrated 
as follows:  
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In Equations (22), (23) and (24), the component in the 
rotor EMF voltage is triggered by the stator flux 
components and can be expressed as follows. 
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(25) 

The new LVRT strategy can be obtained by determining 
the rotor current references that reduce the rotor over-
voltages during grid faults. Without considering 
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insignificant rotor resistance voltage dips, the rotor 
current tacking derivative, the negative sequence and 
the natural and forcing components of the rotor voltage 
can be expressed in Equations (23), (24) and (25) as 
follows: 
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The expected rotor voltage components are shown in 
Equations (28), (29) and (30). The rotor over-voltages 

during grid faults are reduced as seen in Equation (30) 
by injecting the rotor currents against the negative 
sequence and natural components of the stator flux and 
consequently reducing the rotor over-currents and DC-
link over-voltage.  
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Figure 2 presents a block diagram of the amplified 
sequence models for LVRT capability. 
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Figure 2. Block diagram of the stator-rotor dynamic model enhanced for LVRT capability 

 
With conventional control methods, the rotor current 
references are computed to produce stator active and 
reactive powers while in a steady state. During a 
transient state, however, in order to utilize the 
maximum capacity of the RSC to improve LVRT 
capability, the power controller terminals were 
disconnected and the proposed control method was 
applied to determine the rotor current references 
directly. In the course of steady-state operation, the DC-
link voltage control and reactive power control in the 

grid are provided by the GSC. In order to reduce the 
over-currents and losses in the RSC and GSC of the DFIG, 
the GSC reactive power reference was set to zero during 
steady-state operations. However, in order to meet the 
grid code requirements during transient state 
situations, it was necessary to use reactive power 
injection. Thus, during grid faults, the GSC was 
compensated for maximum reactive power in this study. 
The influence of the rotor current references on stator 
flux dynamics are given by placing the stator current 
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and the obtained stator natural and forcing component 
dynamics found in Equations (7)–(8) into Equations 
(11)–(12). This operation is expressed in Equations 
(31), (32), (33) and (34). 
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A shortened version of the stator natural and forcing 
fluxes during grid faults is given as follows in Equations 
(35) and (36): 
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The new time constant (delay constant) of the stator 
natural flux and stator forcing flux in the presence of the 
grid faults can be given in the following way: 
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Where, τd is the new time constant. In Equation (37), 
considerable decreases can be observed in the stator 
natural and forcing flux time constants, whereas the 
stator flux damping exhibits a tendency to increase. 
 
4. Simulation Study 
 
Figure 3 shows the 1.5 MW wind power system used for 
the analysis of the transient behavior of the wind 
turbine grid interaction [39].  
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Figure 3. 1.5 MW wind power system [39] 

 
This study performed stator-rotor dynamic modeling of 
the DFIG with a positive-negative sequence, natural-
forcing components and stator-rotor EMF. 
Transformers having values of 50 MVA, 154 Y/34.5kV Y 
and 2.6 MVA, 34.5 /0.69kV Y were used to connect the 
wind power plant to a 34.5 kV system.  A 10-km 
distance was chosen from the plant to the 34.5 kV grids 
along with a constant wind speed of 8 m/s; 2500 MVA 
was determined as the 34.5 kV grid-side short circuit 
power and the X/R rate was established as 6. The 
generator parameters included a 0.00706-ohm stator 
resistance, 0.005-ohm rotor resistance, 0.171-Henry 
stator inductance, 0.156-Henry rotor inductance and 
2.9-Henry magnetization inductance. In the simulation, 
0.001 ohm and 10000 ohm were determined as the 
fault and snubber resistances, respectively. The time 

representation of the system and decomposition level 
approximations for defects in the inrush current 
collision demonstrated that the fault voltage drop could 
be obtained from the inrush current and the 
approximation of the decomposition levels that were 
generated. Moreover, fault detection was observed at t 
= 0.1 s. 
 
5. Simulation Results 
 
Two transient events disposed the effects of the 
positive-negative sequences, natural-forcing 
components and stator-rotor EMF on the system 
parameters. The first test transient event was a three 
phase fault created in a B 34.5 kV bus between 0.55 s 
and 0.6 s, with variations of 34.5 kV bus voltage, 
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terminal voltage, angular speed, electrical torque, and 
d-q axis stator current. These variations were designed 
for the case with and without the positive-negative 

sequences, natural-forcing components and stator-
rotor EMF in figure 4. 
 

 

 

 
Figure 4. Test system simulation results in 3 phase fault 
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It can be seen in Figure 4 that the maximum values of 
34 kV bus voltage and DFIG terminal voltage were 
decreased and the system was stabilized in a shorter 
period of time than with a conventional strategy using 
positive and negative sequence models, natural forcing 
flux models and stator-rotor EMF. With the novel 
approach presented in this study, the 34.5 kV bus 
voltages reached almost 0.175 p.u., in contrast with the 
conventional approach, which resulted in a value of 0 
p.u. In addition, the use of the positive-negative 
sequence models natural-forcing flux models and 

stator-rotor EMF resulted in notable reductions in 
oscillations in angular speed and d-q axis stator 
currents.  
For the second test transient event, a two phase fault 
was examined. Figure 5 shows (with and without the 
proposed strategy) the variations in 34 kV bus voltage, 
terminal voltage, electrical torque, angular speed and d-
q axis stator current resulting from this  two phase fault 
that emerged for between 0.55 and 0.6 s.  
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Figure 5. Test system simulation results in 2 phase fault 

 
Maximum 34 kV bus voltage and DFIG terminal voltage 
values were decreased and the system was stabilized in 
a shorter duration than when the conventional strategy 
using positive-negative sequences, natural-forcing flux 
models and stator-rotor EMF were applied in Fig. 5. The 
novel approach presented in this study brought the 34.5 
kV bus voltage to almost 0.6 p.u., while with the 
conventional approach the value achieved was 0.5 p.u. 
Furthermore, in this study, the proposed strategy 
resulted in notable reductions in oscillations in angular 
speed and d-q axis stator currents.  
 
6. Conclusions 
 
For DFIG, there are theoretical methods for RSC control 
against overvoltage and inrush current during balanced 
and unbalanced faults. This study presented a model for 
the enhancement of a grid-connected DFIG which was 
comprised of positive-negative sequences and natural-
forcing components in addition to a stator-rotor EMF. 
The transient behaviors of the system with and without 
the proposed method were compared in terms of three 
phase and two phase faults. With the enhanced positive, 
negative sequences, natural-forcing components and 
stator-rotor EMF, the oscillations were lower during the 
three phase fault B 34.5 kV bus. The DFIG terminal 
voltage was increased when the enhanced approach 
was applied during varying faults. Findings of the 
simulation system analysis demonstrated that when the 
positive, negative sequences, natural forcing 
components and rotor EMF were connected to the DFIG, 
the oscillations that occurred following the transient 
events were controlled within a very short time.  
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