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The DFIG's ability to perform variable speed, reactive power control, and reduce converter rating are the main reasons for the 
popular choice of DFIG for wind power applications. The dynamic behavior of a wind farm based on a DFIG disturbed in the 
electrical distribution network is described in this paper. Controlling the output power and voltage of the DFIG terminal is the 
main task of the rotor converter. The effect of wind energy on various system parameters, such as voltage drop and load current, 
is presented. The system is simulated in Matlab/Simulink software. In the studied system, the wind turbine farm is connected to a 
distribution system that delivers electricity to the 120 kV network through a feeder. Simulation studies have been performed using 
Matlab/Simulink to analyze the effect of different DFIG control modes on power quality in a DFIG-based wind farm distribution 
system. In other operating conditions, the system's response is simulated and compared. The simulation results are shown and 
discussed in two modes: reactive power regulation and voltage regulation.

1. INTRODUCTION 
The electricity industry includes the generation of 

electricity, the transmission of electricity, and finally, the 
distribution of electricity [1,2]. The ability of electrical 
equipment to consume energy refers to the quality of power 
[3,4]. There are many types of disturbances that may affect 
power quality. Some issues related to electricity quality are 
voltage sag, long interruptions, very short interruptions, 
voltage spike, voltage swell, event source allocation, harmful 
harmonic distortion, voltage instability, poor power factor, 
instrument transformer usage, noise, and voltage imbalance 
[5,6]. A microgrid is an electrical distribution system with 
interconnected consumption and distributed generation 
sources acting as a single controlled source within clearly 
defined electrical boundaries. Renewable energy, often 
called clean energy, is derived from natural processes that 
are replenished constantly [7,8]. About 11 % of the world's 
energy comprises renewable energies. 

The major types of renewable energy sources, as shown in 
Fig. 1, are hydropower energy [9], geothermal energy [10], 
biomass energy [11], wind energy [12], and solar energy 
[13]. Wind energy is a clean energy source [14]. Wind farms 
absorb wind energy using turbines and convert it into 
electricity [15]. A set of wind turbines is used to generate 
electricity from a wind farm or farm. The rotor blades 
convert the wind's kinetic energy into mechanical energy in 
the wind energy conversion system. Then, a generator 
converts mechanical energy into electrical energy, so a wind 
turbine is one of the most important elements in a wind 
energy system.  

Different types of systems are used to convert wind 
energy, and each is different. There are different benefits in 
the environmental, technical, and economic fields to 
connecting wind energy to the distribution system, such as 
increasing reliability and power loss reduction [16,17]. One 
of the most common wind turbines installed in power 
systems is DFIG. Flexible control, high efficiency, and low 
investment requirements are the features of DFIG. There are 
two control modes for DFIG based on operation: control 
mode for constant voltage and control mode for reactive 
power and constant power factor [18]. The types of power 
quality problems in networks connected to wind farms and 
their effects are shown in Fig. 2 [19,20]. 

 
Fig. 1 – Renewable energy source types. 

 
Fig. 2 – Classification of various power quality issues. 

Several researchers have studied the improvement of power 
quality in grid-connected wind farms [21,22]. To improve the 
transient stability of the power system equipped with a DFIG-
based wind farm, a method for controlling the active output 
power in [23] is proposed, which uses a DFIG terminal bus 
frequency change to adjust the torque reference or in other 
words, DFIG output power is used in post-perturbation 
conditions. A practical method to reduce flicker emission and 
improve power quality for a relatively weak network 
connected to a DFIG-based wind farm is described in [24], 
where a DFIG rotor side converter controls the reactive output 
power. A bridge-type fault current limiter based on a nonlinear 
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controller has been proposed to enhance the transient stability 
of the DFIG-based 20 MW wind farm [25], and an improved 
voltage profile with a fault current minimized during the fault 
has been observed. Measurement methods for simultaneous 
multi-point recordings in offshore wind farms are presented in 
[26], which show how to deal with the challenges of recording 
the quality of simultaneous power of several continuous points 
in wind turbines about the expected phenomena. To increase 
power quality and improve LRTC in a medium voltage three-
phase network, the use of a DVR has been proposed in [27], 
in which the grid includes a photovoltaic power plant and a 
wind turbine generator, connected to a hybrid DG system and 
also the wind turbine generator consists of a DFIG generator 
connected to the grid via a step-up transformer. A DFIG-based 
wind farm distribution system is studied in this paper, and its 
behavior is simulated. When voltage sag or any fault occurs in 
the system, the most critical electrical parameters in the DFIG 
vary strictly. As a result, these events generated two major 
points in the network: (a) the rotor and stator over current and 
(b) over-voltage occurred in the dc-link. 

This article is a study of the energy system. The following 
can be stated from its innovation: 

- This paper studies and analyzes the voltage droop in the 
distribution system equipped with a dual-power induction 
generator. 

- The system's response is simulated and compared in 
different operating conditions. 

- The simulation results are shown and discussed in two 
modes: reactive power regulation and voltage regulation. 

Following this introduction in section 1, the voltage drop 
across the distribution system is investigated in section 2. An 
overview of the principle of DFIG operation is presented in 
section 3. Section 4 shows the single-line diagram and the 
distribution system's operation principle. In section 5, 
simulation studies using Matlab software Simulink are 
carried out to examine the operation of DFIG-based wind 
turbines under different types of voltage sags. Finally, the 
conclusion is given in section 6. 

2. SUMMARY OF VOLTAGE SAG 
Voltage sag (or voltage dip) is one of the most common 

occurrences in industrial power distribution systems [28]. 
This reduces the normal voltage level at the power frequency 
for 0.5 cycles to 60 milliseconds. Also, it has amplitudes 
ranging from 10–90 % in the root mean square value voltage 
or current [29,30]. According to the IEEE standard, the 
voltage dip can be classified into three categories based on 
the time duration, as shown in Fig. 3 [31]. The slope duration 
between the event's starting point and its endpoint. An 
example of a voltage sag in an industrial power plant is 
shown in Fig. 4, where a 115 kV system supplies the plant. 
Several factors cause voltage dips, such as transformer 
connections, electric machine startup, sudden load changes, 
and some transmission line faults. Depending on the cause 
of the droop, the voltage sag can be symmetrical or 
asymmetric [32]. Various methods have been proposed to 
measure and detect voltage sag, such as Fourier transform 
methods [33], wavelet transforms [34], rms value method 
[35], essential component technique [36], reference frame 
rotating simultaneously [37], peak voltage detection [38], 
missed voltage method [39]. 

Several paper or research work on voltage reduction has 

been reported in distribution systems [40,41]. The voltage 
sag in loop power distribution systems has been evaluated 
and analyzed by installing a superconducting fault current 
limiter [42], and the results are compared in two radial and 
loop power distribution systems. The allocation of power 
quality monitors in distribution systems using a multi-
objective optimization approach is proposed in [43], which 
uses a multi-objective evolutionary algorithm with tables to 
solve the problem. A study on wind farm stability issues 
based on DFIG in a variable wind speed power system [44] 
has been conducted in both strong and weak networks the 
following is an analysis of the effect of power system 
stabilizer (PSS) and SSSC on the stability of wind power 
system. The error response of synchronous-based distributed 
generation (DG) and inverter-based DG has been studied in 
[45], and an improved current-based method has been 
proposed. Also, the analysis is based on DG models for two 
periods before and during sag voltage. 
 

 
Fig. 3 – Classification of voltage sag. 

 

 
Fig. 4 – Displays the percentage of voltage sag measured in an industrial 

power plant. 

3. OVERVIEW OF DFIG 
Active power control of the DFIG wind turbine is achieved 

by convenient rotor voltage control. DFIG can inject reactive 
power into the grid [46,47]. This is a production principle that 
is widely used in wind turbines. Fig. 5 shows the schematic 
diagram of a DFIG wind turbine. The system introduction 
parameters are given in Table 1. The low-speed wind turbine 
in this system is connected to DFIG via a gearbox. From 
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control system components and a modeling point of view, a 
DFIG based wind turbine includes the mechanical and 
electrical parts [48,49]. The overall structure of a DFIG has 
been shown in Fig. 6 [50,51]. The mechanical parts have a 
large time constant. 

 
Fig. 5 – Schematic for DFIG wind turbine system. 

 
Fig. 6 – The overall model and control structure of a DFIG-WT. 

4. DISTRIBUTION SYSTEM UNDER STUDY 
The simplified single-line diagram of the wind farm 

distribution system considered in this paper is shown in Fig. 7.  

 
Fig. 7 – Fittings in the distribution of the studied system. 

A conventional distribution system is equipped with 
protection devices. In the distribution system under study, 
the wind turbine and the motor load each have a protection 
system that monitors the machine's current, voltage, and 
speed. There are different loads and wind farms in the 

studied power system. The loads are connected to a 25 kV 
distribution network using a 30 km feeder and deliver power 
to a 120 kV network. The wind farm has a total capacity of 
9 MW. The wind farm substation is connected to the network 
with a 5 MVA, 11kV/110kV power transformer. 

The wind farm substation is connected to the network 
through a 5 MVA, 11kV/110 kV power transformer. At the bus 
U3 (575 V) wind farm, a resistive load (500 kW) is connected. 
Also, on the U2 bus (25 kV), a power plant (2 MW) is 
connected. The nominal of the system components is shown in 
Table 2. The proportional–integral (PI) controllers regulate the 
inner and outer control loop. KP and KI are proportional 
controller gain and integrator controller gain, respectively. 
The gains of controllers are listed in Table 3. 

Table 2 
System components rated values. 

System component Value 

Generator 
Generator power 10 MVA 

Frequency 60 Hz 
Inertia constant 5.04 

Turbine 

Wind turbine mechanical 9 MW 
Power factor 0.9 

Maximum pitch angle 45° 
Maximum change of pitch angle 2° 1/s  

Controller 

Maximum change of reference reactive 
power 100 pu/s 

Maximum change of reference power 1 pu/s 
Maximum change of converter 

reference currents 200 pu/s 

Plant Instantaneous AC overcurrent 10 pu 
Start time for protection system 1 s 

Converter 
DC bus capacitor 6´104 µF 
Maximum power 0.5 pu 
DC bus voltage 1200 V 

Table 3 
Controller gains 

Controller Gains 
KP KI 

Regulator for grid voltage 1.25  300 
Regulator for power 1  100 

DC bus voltage regulator 0.002 0.05 
Reactive power regulator 0.05  5 

Current regulator for rotor side converter 0.3 8 
Current regulator for network side 

converter 1 100 

Pitch angle controller 500 - 

4. SIMULATION RESULTS 
In this section, the behavior of the studied system (Fig. 8) 

has been evaluated in different conditions in MATLAB 
Simulink. The response of the described system is evaluated 
and compared in different contexts. 

The 2.3 kV, 2 MVA power plant model with its protection 
for simulation in Matlab Simulink is shown in Fig. 9 and 10, 
respectively. The plant has two loads: an induction motor 
(1.68 MW at 0.93 PF) and a 200 kW resistive load. 

The wind speed of 8 m/s is considered constant. The 
voltage source is subjected to an 85 % voltage drop for 0.5 s. 
A voltage droop of 0.15 pu takes 5 seconds to 5.5 seconds. 
The active power produced by the wind power plant is 
1.87 MW. Simulation results are shown for two modes: (a) 
reactive power regulation and (b) voltage regulation. 
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Fig. 8. The system model in Simulink 

 
Fig. 9 – Power plant equivalent model for simulation. 

 
Fig. 10 – Protection of the plant. 

4.1 VAR REGULATION MODE (REACTIVE POWER 
REGULATION MODE) 

In power factor control mode, the reactive power of the 
turbine must be controlled at a constant ratio to match the active 
power output. If terminal voltage control is used, reactive power 
generation must be controlled to achieve the target voltage at the 
bus. This section initially sets the wind farm operation mode to 
VAR setting mode with zero reference reactive power (Qref = 0). 
This operation is typically used as a unity power factor operation 
or other power factor values (e.g., 0.95 leading to 0.95 lagging). 
As shown in Fig. 11, in 5 s, the voltage drops to less than 0.9 pu, 
and the power protection system shuts off in 5.22 s, as low 
voltage occurs and lasts for more than 0.21 s. 

 

Fig. 11. Voltage at buses (VAr regulation mode) 
The reactive power required by the rotor is generated by the 

rotor side converter. Active and reactive power in the power 
plant bus during voltage sag are shown in fig. 12. Fig. 13 shows 
the active and reactive powers generated by the wind farm during 
a voltage drop. Can notice that the wind farm produces 1.87 MW 
and zero MVAR. Figure 14 shows the dc link voltage of the 
back-to-back converters during voltage sag. Here, the dc link 
voltage is around 1200 V. As you can see, the dc link voltage is 
1210.4, 1193.7, and 1206.5 V at 5.0067, 5.5211, and 5.6266 ss, 
respectively. Initially, voltage variation concerning time is 
noticeable, but at steady state, voltage variation range is limited 
dc link voltage is maintained at reference value. As can be seen, 
the power plant current is zero. The engine speed also decreases 
gradually, while the wind farm's active power generation is at 
1.87 MW. Therefore, 1.25 MW of electricity is exported to the 
grid after the power plant is shut down. 
 

 
(a) active 

 
(b) reactive 

Fig. 12 – Power at the plant bus (VAR regulation mode). 

 
(a) active power 

 
(b) reactive power 
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Fig. 13 – Power at the wind turbine bus (VAr regulation mode). 

 
Fig. 14 – Dc link voltage (VAr regualtion mode). 

4.2 VOLTAGE REGULATION MODE 
This section sets the wind farm's working mode in voltage 

regulation. The value of the terminal reference voltage is 1 pu. 
The response of the power generated by the wind turbines when 
they operate in voltage regulating mode is shown in Fig. 15. As 
can be seen, the maximum reactive power is 5.6282 MVAr in 
5.0491 s, and the minimum is -0.4138 MVAr in 5.5495 s. During 
the voltage sag (Fig. 16), the plant voltage and wind farm are 
0.9322 per unit and 0.9893 per unit, respectively. It shows that 
the plant does not trip anymore. As can be seen, the cement 
factory is no trip collapsing. The power plant voltage is kept 
above the protection threshold, which is voltage support by the 
wind farm because reactive power is generated during voltage 
sag. Power generation in wind energy conversion systems 
directly relates to the rotating machines used in them. The output 
power of the wind energy conversion system changes with the 
wind speed. Real power and reactive power can be controlled 
independently by DFIGs, so reactive power modulation can be 
used to regulate voltage and increase their ability to dampen 
power fluctuations. 

 
Fig. 15. Power at the wind turbine bus (voltage regulation mode) 

 
Fig. 16. Voltage at buses (voltage regulation mode) 

5. CONCLUSION 
Wind turbines play an important role in microgrids as 

sources of energy production One of the most important 
variable wind generators is DFIG. DFIG is a wound rotor 
induction machine. The DFIG-based wind farm is very 
sensitive to network distribution. Simulation studies for a 
DFIG-based wind farm distribution system are presented in 
this paper to analyze wind energy efficiency in different 
operating conditions. To present the simulation results, two 

working modes, including reactive power adjustment mode 
and voltage adjustment mode have been considered. DFIG 
systems are cost-effective. To maximize the power output, 
the turbine speed is adjusted as a function of the wind speed. 
This action improves the flicker reduction in the system. To 
continue the study, it is suggested that the control methods 
in the system be investigated. Also, other types of induction 
generators should be used, and the system's dynamic 
behavior should be studied and simulated. 

Received on 25 December 2022 
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