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 The doubly-fed induction generator (DFIG) systems feature a significant 

amount of free power capacity that may be used for reactive power adjustment 

when they are put into practical use. This change, which is occasionally 

overlooked, is a significant one. Using DFIG systems for wind turbines (WT), 

this paper explored strategies for reducing and using reactive power. In order 

to investigate the power characteristic and how it is regulated in DFIG 

systems, a mathematical model for the steady-state performance of DFIG WT 

has been developed and presented. Here is a detailed derivation of the limiting 

range of DFIG's reactive power capacity as well as the physical constraints on 

reactive power output. The distribution of the DFIG WT at a distribution 

network's end is demonstrated by a simulation example. Within this 

simulation, reactive power management strategy, load fluctuation, and the 

change in wind speed are all taken into consideration. Due to the possibility 

of a rise in the voltage at the access point, can concluded that both acceptable 

and efficient to use DFIG WT's reactive power capabilities as an additional 

continuous reactive power source for effectiveness. 
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1. INTRODUCTION 

The use of renewable energy sources is quickly becoming a viable option for fulfilling our society's 

growing need for energy. Interest in producing electricity from renewable resources such hydropower, solar 

energy, wind energy, geothermal energy, tides, waves, and biomass has significantly increased in recent years 

[1]–[3]. Everyone agrees that energy plays the biggest role in deciding how wind energy develops. Modern 

resource depletion techniques employ renewable energy sources to meet the world's growing energy needs 

since they are more concerned than ever about the state of the environment. Energy production is substantially 

less expensive today than it was in the past. One example of a potential renewable energy source being 

researched for the future is wind energy. The usage of doubly-fed induction generator (DFIG) to produce 

electricity through the utilization of wind energy is common because of the various advantages it offers in 

contrast to its rivals [4]–[6]. 

It was discovered that prospective solutions to the problem of grid-connected wind power generation 

that require the usage of pricey external measures were taken into consideration in various articles [7]–[10] 

that were investigated. Wind turbines (WTs) connected to the grid operate more efficiently because to reactive 

power adjustment technologies like static var compensation (SVC) [8] and static synchronous compensator 

(STATCOM) [9], and they even offer fault riding thanks to their ability to stay connected in the event of 

https://creativecommons.org/licenses/by-sa/4.0/
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network failures. Other instances include energy storage devices that are used to enhance the quality of wind 

energy by reducing grid-connected power swings. Along with contributing to the creation of active power, 

WTs also need to manage reactive and active power. The current WT is able to adjust active and reactive power 

independently of one another as a result of the modern power electronic converters that come with it [10]. 

According to Engelhardt et al. [11], the constraints of the steady-state reactive power generation 

capabilities for a typical WT system employing the doubly fed induction generator are thoroughly examined. 

The parameters of the machine and the control system were determined using data provided by the 

manufacturer, and the results of the simulation were designed to be as realistic a reflection of the actual world 

as they could be. DFIG-based WT are increasingly common because of their advantageous cost-performance 

characteristic, which is essentially the consequence of the need for a much lower converter rating in comparison 

to the machine rating. This makes DFIG-based WT more appealing to consumers. However, the results of this 

study do not refer to a change in wind speed and how it affects the capacity of the reactive power. 

A reliable adaptive sliding mode controller (ASMC) is suggested in the study [12] to manage the 

power flow of the WT based on DFIG under varying wind speed. The Lyapunov stability theorem is used to 

compute the controller's adaptive gains. The switching surfaces of state power faults are defined by two integral 

functions. To demonstrate the efficacy of the recommended technique under machine parameter uncertainties, 

a comparison between the sliding mode control (SMC) and the field-oriented control based on proportional 

integral (PI) controllers is done. The fact that this method involves a lot of tough computations and is 

challenging to use is one of its drawbacks. This technique also lacks an explanation for what transpires to the 

rotor voltage when the rotor's reactive power is altered. 

The study discussed in reference [13] uses the DFIG at the operational point to examine the  

steady-state reactive power capabilities of a typical WT system. This study provides a thorough explanation of 

how power losses and junction temperatures are calculated for converters. Even though the reactive power 

capacity value has improved, the overall number of electronic components has grown, which results in large 

power losses and makes management difficult. 

Haidi et al. [14] offers a synthesis effort based on an updated evaluation of the implemented wind 

projects and seeks to evaluate the achievement of Morocco's national energy policy, which intends to attain 

42% of renewable energy by 2020, with wind energy accounting for 14% of the total energy mix. Additionally, 

it attempts to demonstrate how wind energy integration affects energy independence, industrial integration, 

and CO2 emissions reduction. The purpose of the paper [15] is to provide a quantitative and qualitative analysis 

of the growth of wind energy in the world, looking at its development over the past ten years, its distribution 

among major regions and nations, and its contribution to the world's electricity mix while providing an 

evaluation of the most potent wind farms on the planet. The influence on carbon dioxide emissions reduction, 

employment development, and electric energy independence are the main points of discussion, as well as the 

outlook for 2050. The optimal coordination problem employing digital DOCRs with standard characteristics 

in accordance with IEC60-255 is addressed in the paper [16] through a comparative evaluation of the 

optimization strategies suggested in the literature. The three most effective and reliable optimization 

techniques-particle swarm optimization (PSO), genetic algorithm (GA), and differential evolution (DE), are 

taken into consideration for this aim. 

The extracting and exploitation of the reactive power competency of DFIG WT are the topics that are 

investigated in this paper. In the first step, the power characteristics and relations of power transfer in DFIG 

systems are provided [17]–[22]. This is accomplished using a mathematical model of a DFIG WT's steady state 

performance. The second step is to identify the reactive power capacity restriction range of the DFIG, as well 

as reactive power generation limitations such as stator current, stator voltage, and rotor current. Finally, a 

simulated example of how to disseminate the DFIG WT at the end of a distribution network is provided. The 

voltage rate at the access point is raised in this example, demonstrating that using DFIG WT's reactive power 

capabilities as a new classification reactive power source for utilities is both practical and effective. 

 

 

2. METHOD 

2.1.   Characteristics of the DFIG WT 

A WT, a grid-connected, DFIG, and a back-to-back (BTB) converter make up a typical wind power 

system. In dissimilarity to the stator side of DFIG, which is directly coupled to the grid, the rotor side of DFIG 

is connected via a BTB converter (rotor-side converter (RSC) and grid-side converter's (GSC)).  

Figure 1 depicts the power stage of the DFIG WT. The following symbols have the following meanings [7]: 

the mechanical energy produced by a WT; abbreviated Pw. Ps and Qs are the stator's active and reactive powers, 

respectively. Rotor side reactive and active powers are denoted by the symbols Pr and Qr. The GSC active and 

reactive powers are denoted by Pgr and Qgr. The entire quantity of active and reactive electricity that enters the 

grid is denoted by the symbols PN and QN. In order to manage the aerodynamics of the mechanical wind power 
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(Pw), WTs use a technique based on the blade pitch angle. When the wind cuts over the blade's surface A at a 

speed of vv, kinetic energy is released [23]–[26]. 

 

𝑝𝑣 =
1

2
𝜌𝐴𝑣𝑣

3 (1) 

 

Where ρ is the air density. Part of this power comes out of the WT using the power coefficient (Cp) at the 

following [27], [28]. 

 

𝑃𝑤 =
1

2
𝜌𝜋𝑅2𝑣𝑣

3𝐶𝑝 (2) 

 

Where R is the WT's radial distance. The power coefficient (Cp) depends on the tip speed ratio=
𝑅 𝛺𝑡

𝑣𝑣
, so Ωt is 

the rotor's rotational speed. Theoretical maximum value of Cp is given by the Betz limit [19] then  

(Cp.theo.max. equal 59.3% at pitch angle (β) is 4 degree) Cp is shown in Figure 2. 

 

 

 
 

Figure 1. Active and reactive powers in WT system 

 

 

 
 

Figure 2. The power coefficient versus tip speed ratio curves 

 

 

In WT, the relationship between the power generated by the turbine and the wind speed is shown in 

Figure 3, where the curve is divided into three sections according to the wind speed, the first section at a speed 

less than the cutting speed ωcut, and in which no power is generated from the turbine, while in the second 

section it is located between vmin and vmax where the maximum power point tracking (MPPT) technology is 
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used. When the output speed ωout is reached, the power is to the maximum obtained from the WT for that third 

section after the output speed reach the maximum wind speed vmax. In addition to the stator windings (Ps), the 

rotor windings are also used to transmit power from the DFIG WT system to the grid (Pr). The bulk of the 

energy is delivered to the grid via the stator windings, while the remaining portion is communicated through 

BTB converters via the rotor windings. 

Because the rotor's active power is generally proportional to both the slip and the stator's active power, 

the rotor's active power is equal to the quantity of s Ps and flows in both directions through the BTB converters. 

This permits the active power to span the widest feasible range of work, from sub-to  

super-synchronous. Using the concept of energy conservation and disregarding power losses through power 

converters, the rotor power Pr equals the power of the grid side converter Pgr [29]–[32]. The connection 

between active powers in the system may be described as given in (3), using the power direction illustrated in 

Figure 1 and ignoring power losses in the DFIG system. 
 

 

 
 

Figure 3. Wind power against the wind speed curve 
 

 

𝑃𝑁 = 𝑃𝑆–𝑃𝑔𝑟 = 𝑃𝑆 − 𝑃𝑟 = 𝑃𝑤 (3) 
 

𝑃𝑟 ≅  −𝑠 𝑃𝑆 (4) 
 

𝑃𝑤 ≅ (1 − 𝑠)𝑃𝑆 =
𝑠

1−𝑆
𝑃𝑟 (5) 

 

The reactive powers Qr and Qgr are independent of one another since RSC and GSC are connected via 

a DC connection. The following is done to create reactive power for the grid: 
 

𝑄𝑁 = 𝑄𝑆 − 𝑄𝑔𝑟 (6) 

 

A stator-flux orientation control reference frame may be used to modify the active and reactive powers 

separately [5]. The q-axis rotor current controls the active power PS so that the turbine can harness the most 

power possible from the wind. The management of the d-axis rotor current is fundamentally distinct from the 

regulation of the reactive power QS, on the other hand. This role should be carried out and controlled by the 

RSC. The grid ac voltage-oriented reference frame is used at GSC to manage and maintain the DC-link voltage. 

Additionally, the current in the q-axis, which may also be used to regulate the reactive power generated by the 

GSC, regulates the DC-link regulation (Qgr). 

 

2.2.  Equivalent circuit and reactive power limit of DFIG-WT 

Figure 4 depicts the DFIG equivalent circuit for each phase. The phasor diagram for the mathematical 

model needed to determine the DFIG WT's reactive power limit must be drawn from this circuit. The 

mathematical model is represented by the two-voltage equation on both sides in the steady-state of the stator 

part and the rotor part as given in (7) and (8). 
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𝑣𝑠⃗⃗  ⃗ = 𝐼𝑠⃗⃗ (𝑟𝑆 + j𝑥𝑆) + (𝐼𝑠⃗⃗ + 𝐼𝑟⃗⃗   )𝑗𝑥𝑚 (7) 

 
𝑣𝑟

𝑠

⃗⃗  = 𝐼𝑟⃗⃗  (
𝑟𝑟

𝑠
+ j𝑥𝑟) + (𝐼𝑠⃗⃗ + 𝐼𝑟⃗⃗   )𝑗𝑥𝑚 (8) 

 

 

 
 

Figure 4. DFIG's equivalent circuit in phasor form 

 

 

When (7) applied, the stator resistance may be ignored and the stator DFIG current can be represented 

as (9): 

 

𝐼𝑠⃗⃗ =
−𝑗𝑣𝑠⃗⃗⃗⃗ −𝑥𝑚𝐼𝑟⃗⃗  ⃗

𝑥𝑆+𝑥𝑚
 (9) 

 

The power that is supplied to the stator (SS), which is measured via the stator voltage, is the reference 

vector. 

 

𝑆𝑠 = −𝑃𝑠 − 𝑗𝑄𝑆 =
3𝑗𝑉𝑠

2−3𝑗𝑉𝑆 𝑥𝑚 𝐼𝑑𝑟 −3𝑉𝑆 𝑥𝑚 𝐼𝑞𝑟 

𝑥𝑆+𝑥𝑚
 (10) 

 

Then using 𝐿𝑆 ≤ 𝐿𝑚  

 

𝐼𝑑𝑟 =
2 𝑄𝑠 𝐿𝑆 

3 𝑉𝑆 𝐿𝑚 
+ 

𝑉𝑆

𝐿𝑚 𝜔𝑠
 (11) 

 

and 
 

𝐼𝑞𝑟 =
2 𝐿𝑆  𝑃𝑆

3 𝑉𝑆 𝐿𝑚 
 (12) 

 

The stator field orientation theory is expressed in (11) and (12) in a rotating frame with a synchronous 

d-q axis. The following factors limit the maximum rotor current irmax (13). 

 

(
2 𝑄𝑠 𝐿𝑆 

3 𝑉𝑆 𝐿𝑚 
+ 

𝑉𝑆

𝐿𝑚 𝜔1
)2 + (

2 𝐿𝑆  𝑃𝑆

3 𝑉𝑆 𝐿𝑚 
)2 ≤ 𝑖𝑟𝑚𝑎𝑥

2  (13) 

 

The PS is particular, and then fined the range of QS at any operation point of the DFIG so (13) can be 

represented by: 

 

𝑄𝑠 = −
3 𝑉𝑠

2 

2 𝜔𝑠𝐿𝑆  
∓ √(

3 𝑉𝑆 𝐿𝑚 

2 𝐿𝑆 
𝑖𝑟𝑚𝑎𝑥  )

2 − 𝑃𝑆
2 (14) 

 

So, (14) can be expressed by maximum and minimum stator reactive powers. 

 

𝑄𝑠𝑚𝑎𝑥1 = −
3 𝑉𝑠

2 

2 𝜔𝑠𝐿𝑆  
+ √(

3 𝑉𝑆 𝐿𝑚 

2 𝐿𝑆 
𝑖𝑟𝑚𝑎𝑥  )

2 − (
𝑃𝑤

1−𝑆
)2 (15) 

 

𝑄𝑠𝑚𝑖𝑛1 = −
3 𝑉𝑠

2 

2 𝜔𝑠𝐿𝑆  
− √(

3 𝑉𝑆 𝐿𝑚 

2 𝐿𝑆 
𝑖𝑟𝑚𝑎𝑥  )

2 − (
𝑃𝑤

1−𝑆
)2 (16) 

 

By using the maximum stator current ismax as a limitation, another range of QS is possible. 
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𝑄𝑠 = ∓√𝑆𝑆
2 − 𝑃𝑆

2 

 
So 

 

𝑄𝑠𝑚𝑎𝑥2 = +√(3 𝑉𝑆𝑖𝑠𝑚𝑎𝑥  )
2 − (

𝑃𝑤

1−𝑆
)2 (17) 

 

𝑄𝑠𝑚𝑖𝑛2 = −√(3 𝑉𝑆𝑖𝑠𝑚𝑎𝑥  )
2 − (

𝑃𝑤

1−𝑆
)2 (18) 

 

The particular real range of DFIG may be represented by the following: 

 

𝑄𝑠𝑚𝑎𝑥 = minimum (𝑄𝑠𝑚𝑎𝑥1, 𝑄𝑠𝑚𝑎𝑥2)  
 (19) 

𝑄𝑠𝑚𝑖𝑛 = minimum (𝑄𝑠𝑚𝑖𝑛1, 𝑄𝑠𝑚𝑖𝑛2) 

 

Only a little amount of real power is transmitted through the BTB converter, supposing the maximum 

apparent power of GSC is Sgrmax when the DFIG WT is operating. Therefore, the boundary limit of Qgr is 

determined by the restriction 𝑃𝑔𝑟
2 + 𝑄𝑔𝑟

2 ≤ 𝑆𝑔𝑟𝑚𝑎𝑥
2  indicated in (20). 

 

𝑄𝑔𝑟𝑚𝑎𝑥 = √(𝑆𝑔𝑟𝑚𝑎𝑥  )
2 − (

𝑆𝑃𝑤

1 − 𝑆
)2 

 (20) 

𝑄𝑔𝑟𝑚𝑖𝑛 = −√(𝑆𝑔𝑟𝑚𝑎𝑥  )
2 − (

𝑆𝑃𝑤

1 − 𝑆
)2 

 

Therefore, the total reactive power of the network limit by the DFIG WT QN can be given as: 

 

QNmax=Qsmax-Qgrmin 

 (21) 

QNmin=Qsmin-Qgrmax 

 

Some of the parameters of the limiters in (11) to (21) include the stator current, stator voltage, and 

rotor current. The DFIG WT system's network limits the stator voltage, the generator design is used to compute 

the stator current, and the generator and rotor converter designs both have an effect on the rotor current. If the 

parameters are assumed to be constant and dependent on the generator speed, it is possible to determine the 

range of reactive power that the stator and rotor portions of the design in Figures 5 and 6 contribute to the 

network. As shown in Figure 5, the stator current value determines the lower limit while the rotor current value 

determines the higher limit. As a result, the highest transistor current that the converter is capable of producing 

limits the magnitude of the rotor current. When the wind speed is lower than usual, the DFIG has the capacity 

to process reactive power in two directions. 

 

2.3.  Vector control of DFIG WT 

The equations of DFIG are represented by the space vector model in d-q synchronous reference frame 

as (22): 

 

𝑣𝑆⃗⃗  ⃗
𝑒
= 𝑟𝑆𝑖𝑆⃗⃗ 

𝑒
+ 

𝑑𝜓𝑆
⃗⃗ ⃗⃗  

𝑒

𝑑𝑡
+ 𝑗 𝜔𝑆𝜓𝑆

⃗⃗ ⃗⃗  
𝑒
 

 (22) 

𝑣𝑟⃗⃗  ⃗
𝑒
= 𝑟𝑟𝑖𝑟⃗⃗  

𝑒
+ 

𝑑𝜓𝑟
⃗⃗ ⃗⃗  

𝑒

𝑑𝑡
+ 𝑗 𝜔𝑆𝑟𝜓𝑟

⃗⃗ ⃗⃗  
𝑒
 

 

Where the slip speed ωSr=ωS-ωr 

As a result, the fluxes in the stator and rotor may be represented as having the following relationship: 
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𝜓𝑆
⃗⃗ ⃗⃗  

𝑒
= 𝐿𝑆 𝑖𝑆⃗⃗ 

𝑒
+ 𝐿𝑚𝑖𝑟⃗⃗  

𝑒
 

 (23) 

𝜓𝑟
⃗⃗ ⃗⃗  

𝑒
= 𝐿𝑚 𝑖𝑆⃗⃗ 

𝑒
+ 𝐿𝑟𝑖𝑟⃗⃗  

𝑒
 

 

On both (GSC and RSC) converters, the vector control technique can be used. 

 

 

 
 

Figure 5. Limit of reactive power of a stator with slip 

 

 

 
 

Figure 6. Reactive power limit of DFIG WT 
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2.3.1. Rotor side control 

The flux-oriented synchronous reference frame, with the d-axis aligned with the stator flux space 

vector, can be used to control the vector on the rotor side of the DFIG. In this alignment, the torque or active 

power PS is proportional to the quadrature rotor current, whereas the direct rotor current is proportional to the 

stator inactive power QS. Using ψqs=0 and ψdS=|𝜓𝑆
⃗⃗ ⃗⃗  |, decompose the rotor voltage represented in (22) and (23) 

into its constituent parts. 

 

𝑉𝑑𝑟 = 𝑟𝑟𝑖𝑑𝑟 +  𝜎 𝐿𝑟

𝑑𝑖𝑑𝑟

𝑑𝑡
− 𝜔𝑆𝑟𝜎 𝐿𝑟𝑖𝑞𝑟 +

 𝐿𝑚

 𝐿𝑆

 
𝑑|𝜓𝑆

⃗⃗ ⃗⃗  |

𝑑𝑡
 

 (24) 

𝑉𝑞𝑟 = 𝑟𝑟𝑖𝑞𝑟 +  𝜎 𝐿𝑟

𝑑𝑖𝑞𝑟

𝑑𝑡
+ 𝜔𝑆𝑟𝜎 𝐿𝑟𝑖𝑑𝑟 + 𝜔𝑆𝑟

 𝐿𝑚

 𝐿𝑆

 |𝜓𝑆
⃗⃗ ⃗⃗  |  

 

Where σ=1-
𝐿𝑚
2

𝐿𝑟𝐿𝑆
 

 

The derivative of the flux is equal to zero since the stator is directly linked to the grid at a constant 

AC voltage ( 
𝑑|𝜓𝑆⃗⃗⃗⃗⃗⃗ |

𝑑𝑡
= 0). Therefore, according to the final two equations, it is possible to control the current in 

the rotor component using a synchronous reference frame. Additionally, as shown in Figure 7, the cross terms 

in (24) aid the control process in regulating the current in the rotor. A simple phase locked loop (PLL) can be 

used to perform synchronized with the network voltage, thus giving stability to the control process and rejecting 

distortion of harmonics. Therefore, for the purpose of obtaining an angle θS that is subtracted from 90º to the 

estimated angle as shown in Figure 8. In order to complete the DQ transformation, it is necessary to subtract 

θm from θS in order to get the angle θr. The torque expression can be made simpler by employing the stator flux 

orientation frame in the fashion shown in: 

 

𝑇𝑒𝑚 = −
3

2
 𝑝 

 𝐿𝑚

 𝐿𝑆
 |𝜓𝑆
⃗⃗ ⃗⃗  | 𝑖𝑞𝑟 (25) 

 
 

Where p is the number of poles on the generator. Hence, the torque may influence the current iqr, and 

as a consequence, the direct current idr could regulate both the machine's active and reactive power using the 

following (26): 

 

𝑄𝑠 = −
3

2
 𝜔𝑠  

 𝐿𝑚

 𝐿𝑆
 |𝜓𝑆
⃗⃗ ⃗⃗  | (𝑖𝑑𝑟 −

|𝜓𝑆⃗⃗⃗⃗⃗⃗ |

𝐿𝑚
) (26) 

 

2.3.2. Grid side control 

Here, the control of the GSC is covered. A grid-side dynamic model based on space vector theory is 

created first, and then the control of the GSC is examined. Investigated is the vector control technique. The 

grid voltage space vector is aligned with a rotational reference frame (DQ) that is used. By controlling the 

reactive power exchange and the DC bus voltage, the GSC is able to achieve its two main goals of ensuring 

power supply through the converter and regulating the DC bus voltage. The following equations describe the 

grid-side dynamic model in the dq-reference frame by using the vector control technique the grid voltage yield 

vdG=|𝑣𝐺⃗⃗ ⃗⃗ 
𝑒
| and vqG=0. 

 

𝑣𝑑𝑓 = 𝑟𝑓𝑖𝑑𝐺 + 𝐿𝑓

𝑑𝑖𝑑𝐺

𝑑𝑡
+ |𝑣𝐺⃗⃗ ⃗⃗ 

𝑒
| − 𝜔𝑠𝐿𝑓𝑖𝑞𝐺 

 (27) 

𝑣𝑞𝑓 = 𝑟𝑓𝑖𝑞𝐺 + 𝐿𝑓

𝑑𝑖𝑞𝐺

𝑑𝑡
+ 𝜔𝑠𝐿𝑓𝑖𝑑𝐺 

 

Where 𝑣𝑑𝑓 and 𝑣𝑞𝑓 are the voltages that the grid side converter imposes and 𝑣𝑑𝐺  and 𝑣𝑞𝐺  are the grid voltage 

with constant amplitude and frequency. Active and reactive power calculations are simplified by this alignment 

of the grid's voltage. Thus, (28) used to conclude the total of active and reactive power flows into or out of the 

grid. 

𝑃𝐺 =
3

2
|𝑣𝐺⃗⃗ ⃗⃗ 

𝑒
|𝑖𝑑𝐺  

 (28) 
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𝑄𝐺 = −
3

2
|𝑣𝐺⃗⃗ ⃗⃗ 

𝑒
|𝑖𝑞𝐺 

 

 

 
 

Figure 7. Rotor-side vector control 
 

 

 
 

Figure 8. Orientation of stator voltage 

 
 

It is vital to remember that under ideal conditions, the voltage terms of these latter two equations stay 

unaltered; this implies that a decoupled link between the current dq components and the active and reactive 

powers has been accomplished. The active and reactive power estimated in the converter terminals, on the 

other hand, is not the same as the power computed in the grid terminals. The power produced by the converter 

should be defined using the following (29): 
 

𝑃𝑓 =
3

2
 (𝑟𝑓(|𝑖𝐺⃗⃗  ⃗|

𝑒)2 + |v𝐺⃗⃗⃗⃗ 
𝑒
|idG) 

 (29) 

𝑄𝑓 =
3

2
 (ωsLf(|𝑖𝐺⃗⃗  ⃗|

𝑒)2 − |v𝐺⃗⃗⃗⃗ 
𝑒
|iqG) 
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A schematic of the control block diagram and a basic block diagram of the grid-side system are shown 

in Figure 9. In this diagram, the DC connection, which is mostly provided by a capacitor, calls for DC-bus 

management. As a result, before being supplied into the grid, the active power flow of the rotor must first pass 

across the DC connection. This active power flow through the converters is made feasible by setting the Vbus 

variable to a constant value, which also ensures that the DC voltage requirements for the grid-side and  

rotor-side converters are met. Another element that may be managed with the help of this system is the reactive 

power exchange with the grid (QG). 
 
 

 
 

Figure 9. Grid-side vector control 

 

 

3. RESULTS AND DISCUSSION 

The mathematical formulae allow for the drawing of curves of the optimum rotor fault current and the 

needed rotor voltage output rather than the control parameters. By running the previous system on the basis of 

calculating the capacity of the rotor with a MATLAB/Simulink program, the many components in DFIG were 

depicted in Table 1. This was done so that the capacity of the rotor could be determined by given at Cp equal 

0.44. Using a sudden increase in wind speed from 5 m/s to 11 m/s at a time interval of 6 sec, and thus the work 

moving to the MPPT curve in Figure 3, and then using a subsequent increase in wind speed from 11 to 13 m/s, 

and thus the work moving to the maximum power generated by the WT. Figure 10 shows the increase of 

generator speed and the reference value of speed, while Figures 11-13 depict the evolution of torque, rotor 

current, and rotor side votage, respectively. In these figures, we can see that the value of the rotor part's current 

is maintained within the permitted range. Similarly, the rotor part's voltage is also maintained within the 

allowed range. This is done to protect the semiconductor element of the RSC circuit from values that are too 

high. In addition, the reactive power is managed in a way that ensures that both the capacity of the DFIG and 

the capacity of the RSC are taken into consideration. 

The simulation experiment displays both the grid and the rotor side's steady state and transient 

performance while they are under the control of the vector control was discussed in the previous section. In 

order to retain the BTB converters' capacity to operate in equilibrium, Figure 14 represents the DC bus 

connection voltage and illustrates its stability value. These converters are linked to the power exchange with 

the grid. Quantities on the network side, such as the change in reactive power on the rotor side and the power 

provided to the grid from the GSC switch within the work limitations, are depicted in Figure 15(a) and (b). 
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This is due to the rotor's ability to provide the DFIG's nominal power throughout the simulation. This is due to 

the rotor's ability to provide the DFIG's nominal power throughout the simulation. It is capable of controlling 

the voltage at the network and prevent voltage surges when a fault develops at one or more points in the network 

by calculating the value of the reactive power supplied by the generator. 

 

 

Table 1. The parameters of DFIG 
Variable Value Unit Description 

rS 2.6 mΩ Stator resistance 
rr 2.9 mΩ Rotor resistance 

LS, Lr 2.587 mH Stator and rotor inductance 

Lm 2.5 mH Magnetization inductance 
Lf 400 μH Filter inductance 

p 4  Pole of the generator 

ωs 377 Rad/sec Synchronous frequency 

 

 

 
 

Figure 10. Simulation of generator speed 

 

 

 
 

Figure 11. Simulation of generator torque 
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Figure 12. Simulation of rotor current 

 

 

 

 

Figure 13. Rotor voltage of DFIG 

 

 

 
 

Figure 14. Simulation of DC bus link votage 
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(a) 

 

 
(b) 

Figure 15. The change in reactive power (a) Rotor side and (b) Grid side. 

  

 

4. CONCLUSION 

DFIG-WT has a significant potential reactive power capacity as well as flexible control features, 

which enable it to control the decoupling of both reactive and active power, as may be inferred from the 

operating principle and the power relationship within it. When calculating the reactive power produced by 

DFIG-WTs and the limiting factor for the reactive power limit, the three primary variables are stator current, 

rotor current, and stator voltage. In addition to being defined by their precise range while the turbine is running, 

the currents of the stator and rotor are also determined by design. The connecting grid regulates the stator 

voltage. This paper described example of decreasing and exploiting DFIG-WT reactive power capacity, 

regulating the reactive power for the purpose of controlling voltage improves the load voltage level and reduces 

line loss. The range of reactive power of WT between 0.07 MVA to -0.06 MVA at slip -0.05 to 0.05. The 

primary takeaway from the study is that it is advantageous and practical to make use of the DFIG WT's potential 

reactive power capabilities. The major objective of this research, as well as advantageous and practicable to 

use the DFIG WT's future reactive power capabilities. 
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