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Abstract-- Wind parks using doubly fed induction generators 

(DFIG) can interact with either series-capacitor compensated lines 

or weak AC grids, potentially causing instability. This paper 

presents a comparison of two cases that these interactions are 

responsible for instability. The analysis is based on Impedance-

Based Stability Assessment (IBSA), which employs a frequency 

scanning technique to obtain the impedance profile. The generic 

EMT-model is use for representing the wind park. The results 

show different oscillations according to the power system 

configuration. Besides, it is also possible to highlight the oscillation 

cause and the different oscillation modes in both examples.  

 

Index Terms—DFIG, frequency scanning, series compensation, 

vector fitting, weak grids. 

I.  NOMENCLATURE 

CFE – Coupling frequency effect 

DFIG – Doubly Fed Inductor Generator 

EMT – Electromagnetic transient 

GSC – Grid-side Converter 

IBSA – Impedance-based stability assessment 

PI – Proportional-Integral 

PLL – Phase-Locked Loop 

PM – Phase Margin 

POI – Point of interconnection 

RSC – Rotor-side Converter 

SSBSA – State-space based stability analysis 

VF – Vector Fitting 

WP – Wind Park 

II.  INTRODUCTION 

WIND power generation has become one of the fastest 

growing electricity generation technologies, with the increasing 

integration of doubly fed induction generator (DFIG) based 

wind parks. These devices can cause major issues related to 

harmonics, power quality, fault ride-through capability and 

stability. The stability issues may lead to oscillations that are 

adverse to the safe operation of the grid [2]. Recent incidents 

have shown that the controllers of the converters can adversely 

interact with the series compensated lines or weakly tied AC 

grids [3], [4]. Therefore, there has been a growing interest in 

analysis, identification, and mitigation of these control 

interaction problems. 

Events reported in different power systems are raising 

concerns related to the sub-synchronous resonance due to 

interactions of control loops of the converters employed in wind 

parks (WPs) with elements of the power grid [4]. References 

[5], [6] describe the first widely reported case of unstable 

subsynchronous resonance in WPs, involving DFIG generators. 

The WP was radially connected to a series-compensated 

transmission line, and circuit currents reached 4.0 pu in less 

than 1 second, damaging several generators and the series 

capacitor of the transmission line. Authors in [7], [8] report 

unstable resonances that led to the disconnection of large wind 

generation blocks. In addition to large catastrophic events, 

weakly damped resonances have also been reported [9]-[11]. 

Although quieter and more gradual, weakly damped resonance 

events can lead to violations of regulatory limits for harmonic 

distortions [12] and drastically reduce the service life of wind 

farm equipment. 

Although DFIG usually engages in series-capacitor 

interactions, some researchers already demonstrated the 

potential instability risk of weakly-tied DFIG-WP [13] – [15]. 

Large wind power plants are connected to grids with relative 

long transmission lines. Therefore, their influence in the weak 

grids must be considered [16][16]. In 2018, an event was 

reported where an interaction between DFIG wind park and a 

weak grid happened, and the frequency spectrum contained 37 

Hz and 63 Hz components [14].  

Since the resonance involving inverters in power systems are 

relatively recent, although guidelines already exist, there is no 

consensus in the community regarding analysis methods. The 

analysis requires detailed models of the system and the power 

plants, including not only the converter and control parameters 

but also the analysis of operating conditions and possible grid 

configurations. 

This paper aims to show that the interaction between DFIG-

based wind parks and transmission grid with series 

compensation happens at the subsynchronous frequency range, 

while the interaction between DFIG and weak AC grids 

happens at supersynchronous frequency range. Considering the 

last, it will be demonstrated that, because the positive sequence 

was considered, there are inherent accuracy errors. 

Furthermore, because of the sharp behavior of DFIG frequency 

profile, the stability criteria and the vector fitting algorithm can 

present accuracy errors as well. 

The analysis will be archived by positive sequence 

frequency scanning technique using single-tone injection. The 

Vector Fitting algorithm will be applied to calculate the 

eigenvalues and EMT-simulations will be made for validation. 

For that, the software EMTP® will be used, with MATLAB 

being used for post processing. 

Analysis of Resonance Stability in Power 

Systems with DFIG-Based Wind Generation 
Luiza Buscariolli, Ahda Pavani, Senior Member, IEEE and Maurício Salles 



XV LATIN-AMERICAN CONGRESS ON ELECTRICITY GENERATION AND TRANSMISSION - CLAGTEE 2024 
Mar del Plata, Argentina, November 27th – 29th, 2024 

2 

The remaining of this paper is organized as follows. 

Section III briefly presents the DFIG model used in this 

paper, detailing the coupled frequency effect (CFE). In section 

IV, the main stability assessments techniques are presented. 

Section V and VI bring the results and conclusions, 

respectively.  

III.  DFIG MODEL 

The topology for type III is the DFIG, with the stator of the 

induction generator (IG) directly connected to the grid and the 

wound rotor is connected to the grid through an ac-dc-ac 

converter system. The ac-dc-ac converter system consists of 

two voltage source converters (VSCs): rotor side converter 

(RSC) and grid side converter (GSC). A line inductor and shunt 

harmonic ac filters are used at the GSC to improve power 

quality. The rotor is fed by variable frequency currents, 

controlled by a converter, as seen in Fig. 1. 

The generic model has two versions: detailed model (DM) 

and average value model (AVM). In the DM, the converters are 

represented by a circuit with the IGBT/diode modeled by an 

ideal switch and nonlinear resistors to mimic the actual 

behavior accurately. The AVM replicates the average response 

of converters through simplified functions and controlled 

sources, increasing the computational efficiency of the 

simulation. Here, the AVM model is used, reducing 

computational burden. More details about the modelling can be 

found in [18] and [34]. 

Due to the direct connection of the stator winding to the 

power grid, the DFIG-based wind power system is sensitive to 

the variation of the power grid, including voltage unbalance, 

low-voltage fault, distortions, and potential oscillations due to 

a comparatively large impedance of the weak grid which is 

large enough to be neglected and requires attention [17]. 

 

 

 
Fig. 1.  Scheme of the structure of the DFIG with its controllers. 

 

In this work, the implemented control strategy is the grid-

following type, represented by their average model. In both 

rotor-side and grid-side converters, a cascade control scheme is 

considered, consisting of an external control loop and an 

internal control loop. More details about control and operation 

can be found in [18]. 

The phase locked loop (PLL) is the element used to 

synchronize the control system with the grid, maintaining the 

phase and frequency between two signals and continuously 

applying the Park transformation. The PLL is responsible for 

the coupling frequency effect (CFE), also called mirror 

frequency effect. CFE refers to the phenomenon that a coupling 

voltage/current component appears along with the dominant 

voltage/current component at resonance frequency. As 

explained in [13] and [19], the CFE arises due to the asymmetry 

in inverter-based model caused by the PLL and different outer-

loop control strategies in d- and q- axis. Basically, because Kd 

and Kq are not equal, when transforming an AC quantity from 

abc reference frame to dq reference frame and then back to abc, 

a frequency component appears that fulfills a mirror symmetry 

relationship. This can be seen in equation (1), where fNOM is the 

nominal frequency, fr is the resonant frequency, and fCFE is the 

coupled frequency.  

 

|fCFE| = |2fNOM - fr|                   (1) 

 

Wind turbine suppliers do not disclose many details of the 

internal control circuitry [19]. However, they provide black-box 

models of the generators. Alternatively, it is possible to use 

generic EMT models of wind turbines. These models are 

standardized, publicly available, and capable of capturing all 

aspects of performance as effectively as manufacturer-specific 

models [19], [20]. These models have been validated by 

comparing the results with different field experiments and have 

been used as an alternative for resonance studies when the 

black-box model of the generator provided by the manufacturer 

is not available. 

In the simulations, the aggregated model of the WP is used, 

which provides a reasonable approximation for system 

interconnection studies [21],[22]. 

IV.  PROPOSED METHOD 

Electromagnetic transient (EMT) simulations are used as a 

first approach to illustrate resonance in power systems. The 

EMT method can simulate nonlinear and switching devices 

without simplifications, also considering extremely short time 

constants. This ensures the accuracy and efficiency of the 

studies. Even when other techniques are used to identify critical 

conditions, it is common for critical conditions to be validated 

with EMT simulations [23][23], [24]. 

 

A.  Impedance-Based Stability Assessment 

The impedance-based stability assessment (IBSA) has been 

standing out to evaluate the stability, especially when only the 

EMT-black box model is available. In this case, the frequency 

scanning technique is used to calculate the equivalent 

impedance measured at the POI [26]. The evaluation of the 

system impedance for a range of frequencies is a widely used 

measure to describe the linearized characteristics of an 

electrical system [26]. This method assesses the risk of 

resonance using simulation data or measurement data. It 

represents a solution to address the restrictions imposed by the 

usage of black-box models. However, this method alone does 

not provide information about the system oscillation modes and 

their damping, which are generally required to support 

mitigation studies [27]. Fig. 2 represents the frequency 

scanning to the WP-side using current disturbance. 
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Fig 2. WP side frequency scan using current disturbance 

 

The properties of the imposed signal, such as frequency, 

shape and amplitude, are parameters of the procedure. Abrupt 

disturbances can trigger nonlinearities in some cases. The 

disturbance amplitude should be as high as possible, but it 

cannot excite nonlinearities and saturation effects [2]. The 

range of studied frequencies can be introduced all at once (multi 

tone disturbance), or they can be introduced one by one (single-

tone disturbance). The literature shows that single tone 

disturbance brings more accurate results although the 

simulation takes longer. 

 

    1)  Stability Criteria 

   Once the impedances have been obtained, stability criteria 

can be used, as magnitude and phase angle rules (Bode plots), 

reactance crossover criterion (R-X plots) and/or Nyquist 

criterion (Nyquist diagram). The R-X criterion is 

straightforward. For this criterion, the total system impedance, 

consisting of the grid and wind farm impedance (Zsys(f) = 

Zgrid(f)+ZWP(f)), is calculated, and its resistance (Rsys) and 

reactance (Xsys) are plotted separately. Resonance is determined 

according to the rule in (3), where fi is a frequency within a 

frequency range of interest [28].  

 

𝑅𝑠𝑦𝑠(𝑓𝑖) (
𝑑𝑋𝑠𝑦𝑠(𝑓𝑖)

𝑑𝑓𝑖
) |𝑓𝑖=𝑓𝑐

< 0         (3) 

 

Any reactance zero-crossover from negative to positive that 

coincides with a negative resistance indicates an unstable 

resonance at the given frequency [30]. The negative resistance 

is the responsible for the lack of damping, and therefore, the 

unstable resonance. 

Although the easy visualization and fast evaluation, the R-X 

plots cannot show the phase margin, only the resonant 

frequency. One way to overcome this is use the Bode plot. The 

potential control interactions are initially located at the 

intersection points of magnitude curves of WP and grid 

impedances. Instabilities are then determined by the phase 

angle difference between the grid and WP impedances. A 

positive phase margin means the system is stable, while a 

negative phase margin means it’s unstable. The larger the 

positive phase margin, the more stable the system is. 

 

B.  State-Space Based Stability Analysis 

For conventional power systems, the modal analysis is 

performed by state-space based stability analysis (SSBSA). The 

advantage of this approach is that through eigenvalues, it is 

possible to observe the oscillatory modes, as well as the 

damping of the oscillation modes. Eigenvalues are complex 

numbers, as seen in (2). The real part (σ) corresponds to the 

damping and the imaginary part (ω) brings information about 

the frequency. 

𝜆 = 𝜎 ±  𝑗 ∗ 𝜔               (2) 

If the real part is positive, the mode is unstable, and the 

angular frequency corresponds to the frequency of the 

oscillation. Furthermore, with this approach it is possible to 

calculate the participation factors, from which it is possible to 

observe the impact of each variable. An additional advantage of 

eigenvalues is that when several scenarios are studied, it is 

possible to observe the behavior of the eigenvalues, showing 

whether different scenarios make the system more prone to 

instability. 

However, a major disadvantage of this method is that it 

requires a detailed mathematical representation of the system to 

obtain its state space, which may not be available, since it is 

common for wind turbine manufacturers to provide black-box 

models for EMT-type simulations, due to intellectual property 

concerns. Even with complete models, the state space equations 

often require lengthy calculations due to the complex 

controllers. These controllers are not standardized and the 

equations for each case need to be re-evaluated when one or 

more parameters change [25]. Table I summarizes the main 

advantages and disadvantages of the methods considered. 

 

C.  Vector Fitting 

A solution to obtain the eigenvalues from frequency 

scanning results is to apply a fitting algorithm to estimate the 

system's eigenvalues. The Vector Fitting (VF) algorithm [29]-

[31] approximates a frequency response Z(s) (generally a 

vector) with a rational function, expressed in the form of a sum 

of partial fractions based on the pole-residue representation, 

which can be represented as in (4), where ri is the residue 

corresponding to the eigenvalue λi, and D and E are optional 

parameters. Note that the eigenvalue in (4) is represented in the 

same way as in (2), bringing the same information. The 

computational routine is public available online using 

MATLAB [32]. 

 

𝑍(𝑠) = ∑
𝑟𝑖

𝑠− 𝜆𝑖

𝑛
𝑖= 1 + 𝐷 + 𝑠𝐸        (4) 

The fit order must be as small as possible, minimizing the 

error between the algorithm's response and the measured 

frequency behavior. Considering a black-box approach, the 

number of states (or the fit order (n)) in the system is unknown. 

Moreover, the resulting eigenvalues cannot be related to any 

physical quantities in the system. This is a consequence of 

having a black-box approach in general, and not a weakness of 

the method. To adjust the fit order, a methodology is presented 

in [33] to identify insignificant states and eigenvalues. When 

the ratio of the residue ri by the eigenvalue λi has small absolute 

value for the state i, this state does not contribute to the 

measured response. 
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TABLE I 

COMPARISON OF SSI ANALYSIS TECHNIQUES 

METHOD ADVANTAGES DISADVANTAGES 

EMT • It can simulate nonlinear 

and switching devices 

without simplifications. 

• Amplitude of the 

oscillations can be 
observed. 

• Most accurate method. 

• Complete model is 

expensive. 

• Complicated for large 

systems 

• Multiple simulations are 

time consuming. 

SSBSA • Information about 

frequency and damping 

for each mode. 

• Explicit internal 

relationships between 
variables. 

• Helpful for mitigation 

measures design. 

• It cannot be used with 

black-box models. 

• State-space equations 

require long calculations 

• Definition of the 

linearization point. 

• For any change in the 

system, all calculation 

must be redone. 

IBSA • Fast estimation of 

resonance risk. 

• It can be used with black-

box models. 

• It can be done for 

different contingencies. 
 

• It does not provide 

information about 

damping. 

• inappropriate parameters 

leading to poor results. 

 

It is important to mention that as the impedance is obtained 

via frequency scanning, the value of the apparent impedance 

(Zapp) shall be used as input to the Vector Fitting algorithm, 

once the definition of the apparent impedance assumes an 

injection of voltage or current at some point in the power 

system. 

Fig. 3 shows the flowchart of the proposed method. 

 

Fig. 3 – Flowchart of the proposed method 

V.  RESULTS 

Fig. 4 shows the scheme of the test system for the study of 

the interaction between DFIG WPs, and series compensated 

networks or weak grids. The WP is connected to the system 

though two parallel transmission lines, one line connected to the 

Network 1 and one transmission line connected to Network 2. 

Two different configurations are assumed for Network 1. The 

first one, Case 1, the transmission line is series compensated. In 

the second one, Case 2, the transmission line is connected to a 

weak grid.   

The simulation has 5 s. At t = 2 s, a fault happens on line 2 

and at t= 2.1 s the breaker opens, resulting in the WP connected 

to the grid only through Network 1, representing the two studied 

cases. For Case 1, the wind speed is kept at 7 m/s and the series 

capacitor banks, XC, connected at both terminals of line 1 are 

employed for a variable level of series compensation. Two 

scenarios were considered, S1 and S2, with 40% and 55% of 

compensation, respectively. For case 2, the wind speed is 5 m/s 

and the value short-circuit impedance, ZG1, is changed to 

represent a weak grid. Two scenarios were considered, first a 

strong grid, with SCR = 5, and the second, a weaker grid, with 

SCR = 2.5. 

For both cases the values were selected to better present the 

results, showing damped and undamped oscillations, 

respectively. The scenarios are summarized in Table II. Table 

III shows the main parameters of the simulations The remaining 

parameters are presented in Tables IV and V in the Appendix. 

 

 
Fig. 4 – Circuit of the test system.  

 

TABLE II 

SIMULATION SCENARIOS 

CASE 1  

(V = 7M/S) 

S1 35 % compensation level 

S2 45 % compensation level 

CASE 2  

(V = 5M/S) 

S3 Strong Grid (SCR = 5) 

S4 Weak Grid (SCR = 2.5) 

 

TABLE III 

SIMULATION PARAMETERS 

PARAMETER VALUE 

System frequency 60 Hz 

Power base 666.8 MVA 

Voltage base 500 kV 

Wind Speed Case 1: 7 m/s 
Case 2: 5m/s 

Shunt compensation 68.8 % 

 

To characterize the interactions observed in the WP, 

simulations were performed in the time domain, as well as 

frequency scanning, using the EMTP software. MATLAB was 

used to process the data. The scan of WP and grid was 

performed separately. WP scan was performed as seen in Fig. 

2. The grid side impedance is obtained using the phasor 

solution-based impedance scanning tool. 

A.  Series compensation interaction (Case 1) 

With the compensation level at 40%, it is observed that, after 

the circuit breakers are opened, a small 23 Hz component 

appears in the WP current, as seen in Fig. 5. In Fig. 6, the 

impedance curve crosses the zero three times. Only the first and 

third points fulfill the criterion on (2). The first point has a 

clearly positive resistance. For the third point, it is possible to 

observe that near f = 23 Hz the resistance value is low but still 

positive, indicating a stable scenario. As an alternative way to 
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observe the results, the Bode plot is brought in Fig. 7. Applying 

the magnitude and phase angle rules, the grid impedance is 

equal to that of the WP in 2 points and at f = 23 Hz the phase 

margin (PM) is small but positive and it is equals to 4.8°. 

 

 
Fig. 5 – EMT simulation for case 1 S1 (V = 7m/s and XC = 40%) 
 

 
Fig. 6 – R-X plot for case 1 S1 (V = 7m/s and XC = 40%) 

 

 
Fig. 7 – Bode plot for case 1 S1 
 

Once the frequency response is obtained, the VF is 

performed. The suitable fitting order was selected at N = 10 and 

knowing that the interaction happens at a subsynchronous 

frequency, the VF was applied to a portion of the frequency 

scanning profile, from 1 Hz to 50 Hz. This reduces the fitting 

order. The VF routine has the option to enforce stable poles, 

which was selected, since stability criteria of the impedance 

technique was reached. Fig. 8 shows the behavior of the 

eigenvalues for the scenario S1. As one can see, all eigenvalues 

are negative indicating a stable condition. 

 
Fig. 8 – Eigenvalues for case 1 S1 (rms = 1.92) 
 

With the compensation level at 55% in scenario S2, it is 

observed in Fig. 9 that, after the circuit breakers are opened, a 

27 Hz component appears in the WP current together with a 

small 93 Hz component, evidencing the CFE. However, the 

unstable oscillation mode is associate to 27 Hz frequency, 

which can be verified by the impedance curve as follows. 

 

 
Fig. 9 – EMT simulation for case 1 S2 (V = 7m/s and XC = 55%) 

 

Fig. 10 shows the impedance curve, the imaginary part of the 

impedance crosses the zero three times. Only the first and third 

points fulfill the criterion on (2). The first point has a clearly 

positive resistance. It is possible to observe that near f = 27 Hz 

the resistance value is negative, indicating an unstable scenario. 

For the Bode plot in Fig. 11, the grid impedance is equal to that 

of the WP in 2 points and at f = 27 Hz the phase margin is 

negative, and it is equals to -1.5°. 
 

 
Fig. 10 – R-X plot for case 1 S2 (V = 7m/s and XC = 55%) 
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Fig. 11 – Bode plot for case 1 S2 (V = 7m/s and XC = 55%) 
 

Once the frequency response is obtained, the VF is 

performed. This time, the poles could be unstable, and the 

fitting order was kept at N = 10. Fig. 12 shows the behavior of 

the eigenvalues for the scenario S2. There are two eigenvalues 

in the Right-Half Plane indicating an unstable condition. One 

of these eigenvalues is located around f = 26.6 Hz, indicating 

that this is a resonant frequency that leads the system to the 

instability. It is important to remember that the eigenvalues 

calculated with VF have no physical meaning. 

 

 
Fig. 12 – Eigenvalues for case 1 S2 (rms = 2.38) 
 

B.  Weak grid interaction (Case 2) 

This case was simulated using the parameters shown in Table 

V. Considering a strong grid, with SCR = 5, it possible to 

observe in Fig. 13 that, after the breaker opens, the system 

returns to a stable operation point. The impedance plot of the 

system is presented in Fig. 14. As one can see, the reactance 

becomes positive around f = 72 Hz. At this point, the resistance 

has a positive value, characterizing the system stability.  

 

 
Fig 13 – EMT simulation for case 2 S3 (Strong Grid) 

 

 
Fig. 14 – R-X plot for Strong Grid 
 

The Bode plot in Fig. 15 shows that around 73 Hz the 

impedances of DFIG wind park and the grid are equal and at f 

= 71.5 Hz the PM=-1.12°. As the DFIG phase angle has a sharp 

behavior, it may indicate that the region around 70 Hz is a 

dangerous region, since the PM can vary very fast for small 

frequency steps. Since the frequency where the impedances are 

equal are different from the frequency where the PM <0, it 

indicates a stable scenario. 
 

 
Fig. 15 – Bode plot for scenario S3 Strong Grid 

 

Once the frequency response is obtained, the VF is 

performed. The suitable fitting order was kept at N = 10, 

Knowing that the interaction happens near the nominal 

frequency, the VF was applied to a portion of the frequency 

scanning profile, from 40 Hz to 80 Hz. This helps reducing the 

fitting order. The VF routine has the option to enforce stable 

poles, which was selected. Fig. 16 shows the behavior of the 

eigenvalues for the scenario S3. As can be noticed, the 

eigenvalues are all negative.  

 

 
Fig. 16 – Eigenvalues for scenario S3 (rms = 3.1) 
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The Scenario 4 is simulated, considering a weak grid, with SCR 

= 2.5. In the time simulation, after the breaker opens, it possible 

to observe that two components appear at the WP current, one 

at 70 Hz and another at 50 Hz, as can be seen in Fig. 17. 

 

 
Fig. 17 – EMT simulation for scenario S4: weak grid 

 

Fig. 18 shows that the reactance becomes positive around f 

= 70.5 Hz. At this point, the resistance has a negative value, 

indicating an unstable scenario. 
 

 
Fig. 18 – R-X plot for Weak Grid 

 

The Bode plot in Fig. 19 shows that around 71 Hz the 

impedances of DFIG wind park and the grid are equal and PM 

= -2.79°. Again, the sharp behavior is observed. It translates 

into a phase margin that can become positive for a small 

frequency step. Although the instability is detected, it does not 

hit the exact frequency that the oscillation happens. It might 

indicate an accuracy issue in the FFT window and/or in the 

frequency scan procedure. 

The VF is performed. The fitting order was kept at N = 10. 

Fig. 20 shows the behavior of the eigenvalues for the scenario 

S4. It possible to observe that the eigenvalues around f = 50 Hz 

are stable, while the poles around f = 70 Hz are unstable. 

Although the eigenvalues do not have a physical meaning, it is 

a strong indication that the weak grid interaction is, in fact, 

supersynchronous. 
 

 
Fig. 19 – Bode plot for scenario S4 Weak Grid 

 

 
Fig. 20 – Eigenvalues for scenario S4 (rms = 1.0532) 

VI.  CONCLUSION 

Wind parks with DFIG can interact with both series-capacitor 

compensated and weak AC grids, thus causing instability. 

Considering the positive sequence frequency scanning, three 

stability criteria were used to define if the interactions were sub 

or supersynchronous: RX-plot, Bode plot and VF. Because of 

the sharp behavior of DFIG frequency profile, the stability 

criteria considered, and the VF algorithm presented accuracy 

issues when assessing the interaction between DFIG and weak 

grids. Therefore, further studies on the interaction between 

DFIG-WP and weak grids are needed. The stability criteria are, 

so far, suitable for studies of interaction between DFIG and 

series compensation that happens at subsynchronous range, 

where the DFIG behavior is smother.  

Interaction between DFIG and series compensation is 

subsynchronous and is affected by the compensation level. 

Interaction between DFIG and weak grid is supersynchronous 

and is affected by the PLL and GSC parameters. 

VII.  APPENDIX 

Remaining parameters can be obtained at [2], [13] and [14] 

 
TABLE IV 

SIMULATION PARAMETERS – TRANSMISSION LINE 

Parameter Value 

Rated Voltage 500 kVRMS-LL 

Line Length of Line 2 100 km 

Line Length of Line 1 500 km 

R0 (Transmission Line) 0.0283 Ω/km 

XL0 (Transmission Line) 0.3244 Ω/km 

Charging capacitance GC0 5.0512 μS/km 

Equivalent impedance of System-1 

(ZG1) 

Case 1 and Case 2 (Strong grid): 

7.5+j75 Ω 

Case 2 (weak grid): 15+j150 Ω 

Equivalent impedance of System-2 

(ZN2) 

5+j75 Ω 

 
TABLE V 

SIMULATION PARAMETERS – WIND PARK 

Parameter Value 

Rated power of wind turbines 1.667 MVA 

Wind turbine rated power 1.5 MW 

Rated Voltage of WT 0.575 kVRMS-LL 

DFIG GSC inner loop rise time 10 ms 
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DFIG RSC inner loop rise time Case 1 – 20 ms 

Case 2 – 18 ms 

Kp PLL Case 1 – 33 
Case 2 – 55 

Ki PLL Case 1 – 100 

Case 2 – 200 
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