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Abstract: The generation of electricity through a wind turbine 
system is rapidly increasing. Generation of an electricity form a 
wind turbine is one of the preeminent renewables sources of 
energy as it is easily available. In many wind farms, the speed of 
wind is variable due to which achieving stable power output and 
fault detection is one of the challenges. This objective can be 
achieved by a doubly fed induction generator (DFIG) along with 
the use of a fuzzy -PID controller and two fault detection 
technique in WTs. This Paper shows an investigation of the 
fault’s detection and improvement in the DFIG model for the 

constant/stable power output. This model design to show DFIG 
9MW (6 x 1.5) along with a 30 km transmission line and the 
Frequency used for RLC specification is 60 Hz. Asynchronous 
machine in plant of 1.68 MW, 0.93 power factor, and 2300V line 
voltage with mechanical power 3 x 103 W. The initial constant 
wind speed of 15 ms-1 is maintained. Two fault detectors, one 
phase fault at B25 (25 kV) before the transmission to three-phase 
two winding transformer. Other phase faults at B120 (120 kV) 
before the transmission to three phase mutual inductance. The 
fault actuator in the doubly fed induction generators are reliable 
and also maintains the safety of wind turbine connected with a 
grid. PID-Fuzzy Controller is introduced to regulate the speed of 
the rotor by adjusting pitch which controls speed changes. The 
result shows due to controlling of pitch angle output level is 
improved and a good quality factor is achieved. We have 
introduced a fuzzy controller so the maximum output power can 
be established to the grid at the trip. In this research work, 
mathematical modeling of DFIG is presented. 

Keywords: Doubly fed induction generator (DFIG), Fuzzy 
logic controller, Fault detection, Fault Diagnosis, stable output 
power. 

I. INTRODUCTION 

Day by day, the percentage of CO2 in the atmosphere is 

therefore many countries are emphasising the move towards 
the usage of renewable energy sources. Wind energy is a 
source that is easily available, with changing generation 
different types of wind turbine generators (WTG) were 
invented, but due to changing environmental conditions, it is 
very difficult to generate constant output power.  
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This paper mainly highlights the stability of output power in 
DFIG connected with grid and 30 km transmission line and 
fault detection in a transmission line to get more stable and 
smooth output power with the least fluctuation. The safety 
and reliability of DFIG are very important, therefore the 
fault diagnosis of the DFIG machine is very essential to 
improve power quality, to reduce a maintenance cost and 
minimize the downtime of the machines. The possible faults 
occurred in Doubly fed induction generators are speed 
sensor fault, current senser fault and voltage senser faults. 
These faults in a senser affect the overall performance of 
generator, affect the regularity in transmission of an 
electricity and there is high probability of damage to 
generator [1] The DFIG generates electricity under different 
faults which arises due to generator G1 loss of excitation, 3 
phase to ground fault, 3 phase to phase fault and signal line 
to ground fault. These all losses are detected to analyse the 
transient response and to maintain stability in output power. 
The output power from a grid will quickly fluctuate, as the 
grid is connected directly therefore the impact due to the 
faults will easily affect the overall performance of the 
turbine system. [2] Due to the faults that emerge in the 
system as mentioned above. The reactive power produced 
from the turbine increases, as at the point of common 
coupling the phase voltage drops suddenly, so it is important 
to eliminate the faults from the stator and rotor for stable 
output power from the DFIG. Now looking into the facts, it 
is the prime task to isolate the faults which are detected in 
the rotor and stator, meanwhile, The improved current 
observer detects both hard and soft faults that occurred in 
the current sensor. The analysis of voltage-current sensor 
faults in the stator and fault identification of self excited 
induction generator are the key for the improvement 
therefore to identify faults an algorithm has been designed. 
Detailed research was performed, including some visits to 
wind farms to design a perfect MATLAB modeling of DFIG 
for controllability and stability of the output power can be 
extracted from the wind turbine[3].  

II. DESCRIPTION AND MODELING OF DFIG-BASED 
WIND TURBINE 

DFIG is a wound rotor induction generator where a 
generator is connected to the power grid via rotor side and 
grid side converter. When rotor and stator have different 
magnetic flux going on the opposite side at the same time to 
each other can induce a faster speed on the rotor. 
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Rotor terminal can be accessible in the wound rotor 
machine, where the rotor winding is identical to the stator 
winding. 3-phase windings are available on the rotor side 
and stator side.  The rotor is connected to the slip ring, so 
output voltage can be extracted from the terminals. 
The advantage of these machines is that the power can be 
taken out from the rotor and stator and transferred through a 
grid. A doubly fed induction generator provides better 
control on the speed. It responds very quickly to change in 
the wind speed, and it is intelligent to control the line 
current is some extent, also day by day more new research is 
taking place, so the controllability and stability can be 
improved. The best thing we can find in the DFIG generator 
is the power electronics converter present in DFIG which 
controls the rotor circuit. In case of low voltage, the 
generator will manage to import and export reactive power 
and support the transmission grid. In the past, authors have 
proposed different ways for fault detection. To detect the 
faults and for reconfiguring the signal of a current sensor for 
a DFIG, they had proposed a bilinear observer which also 
provides residuals, here residuals detect the current sensor 
faults. Other researchers have concentrated their studies to 
control the reconfiguration of current signals and current 
sensor FDI. To produce residuals for detecting current 
sensor faults, some of the authors used in-parallel 
techniques. To isolate the identified faults in the rotor and 
stator, an algorithm was proposed so the fault can be 
detected. The authors have proposed the different complex 
techniques to detect the faults, but then also perfectly stable 
and controlled output was not achieved.. In this proposed 
paper, the fault detection and resolution approach was 
implemented to diagnose the current sensor fault in the 
transmission line of the doubly fed induction generator. To 
diagnose and send the feedback signal to the controllers of 
the generator an algorithm is designed and also code 
programming was developed for the fuzzy logic controller. 
The fuzzy model is connected with a feedback link, so it can 
adjust the pitch angle. The wind turbine blade will be in the 
link of wind attack and maximum power can be extracted, a 
mathematical logic algorithms were developed to input data 
in the fuzzy controller and the fault has been detected, it also 
clearly reflects from the smooth output voltage and power 
generated by a wind turbine. Based on the detected faults, 
the signal goes to the pitch controller to adjust a blade angle 
so the developed fault will not escalate further to cause any 
kind of damage to the system. Also after the detected fault, 
it is found that the generated power is less than expected, the 
wind blades come at a maximum attacking angle with the 
help of a pitch controller and if the generated power is more 
than expected then the wind blades come at a less attacking 
angle. These all decisions are based on the feedback signals 
provided to the fuzzy PID controller so the pitch angle can 
be controlled accordingly and the production of constant and 
stable output power can be achieved. 

III.  MODELING AND CONTROLLING OF 
DFIG-BASED WIND TURBINE  

According to Betz Law, the maximum 59.3% of available 
wind power can be extracted by the wind turbine to produce 
an electricity The doesn’t mean that efficiency of wind 

turbine is 59.3%, there also be a different loss such as 

friction, wake effect, thermal energy losses by electrical 
components. 
The wind power extracted (Pa) by wind turbine blade is 

expressed as [4] 

𝑃𝑎 =  𝐶𝑝(𝜆, 𝛽) 𝑃𝑤 =  
1

2
 𝜌𝜋𝑅2𝐶𝑝(𝜆, 𝛽)𝑣3                         …(i)  

Were, 

𝐶𝑝 (λ, β) - aerodynamic efficiency, β - Pitch angle, λ - tip 
speed ratio, ρ - density of the air, R - Radius of blade 
connect to a rotor, v - Speed of wind. 
The (λ), the tip speed ratio is defined as – 

𝜆 =  
𝑙𝑖𝑛𝑒𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑙𝑎𝑑𝑒 𝑡𝑖𝑝 (Ω𝑅)

𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑 (𝑣)
     …(ii) 

Here Ω - angular speed of a rotor and v – speed of wind 
hitting the turbine blade. 

IV.ELECTRICAL MODEL OF DFIG 

The doubly fed induction generator is a wound rotor 
induction machine work on synchronous mode. 
The electrical modeling equation is demonstrated as [5] – 

𝑉𝑑𝑠 =  𝑅𝑠𝑖𝑑𝑠 + 
𝑑𝜙𝑑𝑠

𝑑𝑡
−  𝑤𝑠𝜙𝑞𝑠      … (iii)                    

𝑉𝑞𝑠 =  𝑅𝑠𝑖𝑞𝑠 + 
𝑑𝜙𝑞𝑠

𝑑𝑡
+  𝑤𝑠𝜙𝑑𝑠                          … (iv) 

𝑉𝑑𝑟 =  𝑅𝑟𝑖𝑑𝑟 + 
𝑑𝜙𝑑𝑟

𝑑𝑡
− 𝑤𝑠𝜙𝑞𝑟                        … (v) 

𝑉𝑞𝑟 =  𝑅𝑠𝑖𝑞𝑟 +  
𝑑𝜙𝑞𝑟

𝑑𝑡
+ 𝑤𝑠𝜙𝑑𝑟                         … (vi) 

with 

𝜙𝑑𝑠 =  𝑋𝑠𝑖𝑑𝑠 +  𝑋𝑚𝑖𝑑𝑟                                               … (vii) 

𝜙𝑞𝑠 =  𝑋𝑠𝑖𝑞𝑠 +  𝑋𝑚𝑖𝑞𝑟                                                  … (viii) 

𝜙𝑑𝑟 =  𝑋𝑟𝑖𝑑𝑟 + 𝑋𝑚𝑖𝑑𝑠                                     … (ix) 

𝜙𝑞𝑟 =  𝑋𝑟𝑖𝑞𝑟 +  𝑋𝑚𝑖𝑞𝑠                                     … (x) 

Where V represents a voltage (Volt), i represents a currents 
(Ampere),  R represents a resistance (Ω), 𝜙 represents a flux 
linkage (Weber). Here 𝑋𝑟 - rotor inductance, 𝑋𝑠 - stator 
inductance and 𝑋𝑚 - magnetization inductance. 
The superscripts q and q mentioned in the above equations 
means the direct and quadrature axis components. r and s 
means rotor and stator quantities,  𝑤𝑟 and 𝑤𝑠 are the rotor 
speed and stator speed of the generator respectively 
The relation the electromagnetic torque for number of poles 
(P), rotor angular velocity (𝑤𝑟) and stator angular velocity 
(𝑤𝑠) are shown by 
𝑤𝑟 =  𝑤𝑠 − 𝑃Ω𝑚                                              … (xi) 

𝑇𝑒𝑚 =  
𝑃𝑋𝑚

𝐿𝑠
 (𝜙𝑞𝑠𝑖𝑑𝑟 − 𝜙𝑑𝑠𝑖𝑞𝑟)                               … (xii) 

The wind turbine blades captures wind energy as the wind 
hits it, due to which a mechanical energy is transferred to 
rotor and torque is acting on the rotor (𝜏𝑟) is represented as- 

𝜏𝑟(𝑡) =  
𝜌𝜋𝑅3𝐶𝑞[𝜆(𝑡),𝛽(𝑡)] 𝑣𝑤

2 (𝑡)

2
                                      … (xiii) 

Here in the above equation torque action on the rotor 𝜏𝑟 is 
proportional to square of wind speed. 
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V.  METHODOLOGY 

The DFIG 9MW wind turbine is detailed in the MATLAB 
Simulink by using the simulation tool. Whilst the focus of 
this research work is to study the output power produced by 
the turbine and implementing the strategies to get stable 
output power by using two fault detection techniques and 
PID – Fuzzy controller. In this proposed model two fault 
detectors are used in-between 30 km of a transmission line. 
One fault detector is used at 10km and the second detector at 
20km of a transmission line. To receive stable output power 
with maximum extraction, it is extremely important to 
identify the occurred error and rectify it. First, the fault that 
occurred in the system affect the drive train of the wind 
turbine. It can be observed if there is a slow change in 
friction coefficient with respect to time and due to sensor 
fault, the pitch angle β provides an unconstrained 

measurement therefore the fault diagnosis strategies are 
implemented so the stable controlled output power can be 
extracted from a wind turbine. Also, the programmed signal 
fuzzy – PID controller is introduced in the simulation model 

with Mamdani type fuzzy logic control which controls the 
generator speed and reactive- active power of DFIG. This 
technique establishes the fidelity and robustness of control 
and the fuzzy direct speed control is quick, responsive and 
more effective than the indirect method of speed control. 
The Mandani type triangular membership function is created 
in the programmed FIS file and input values of current and 
voltage of each phase in inserted in the FIS file. The range 
of this membership function is kept as high, medium and 
low. The input value of zero sequence current and voltage is 
extracted by Sequence Analyzer. The output of these 
triangular membership functions is taken from the 
‘Tripsnew’. The phase base values of current and voltage 
are used. To detect the ground fault a zero-sequence 
component of current and voltage are considered for input in 
FIS. The number of rules is selected in the fuzzy system is 
based on faults and selected measurements described by the 
fuzzy model. IF and THEN operation is processed in a fuzzy 
inference system which connects the rules based on 
information acquired from the measured signal to diagnose 
its faults.  

VI.  RESULTS  

 
Figure 1: Detailed Proposed MATLAB Model 

Output responses: 

 
Figure 2: Wind Turbine Output Response DFIG 
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Figure 3: GRID output response for DFIG  

VII. CONCLUSIONS 

In this paper, the study for the DFIG system is performed to 
get a stable output from the grid. The faults were identified 
and a signal direct to the fuzzy interference system to 
control the output power under the performance of fuzzy-
PID control. Also to avoid the aggravation of reactive power 
due to faults, the rotor speed, pitch angle along the stator 
power of DFIG is controlled. The diagnosed problems due 
to faults are solved with the help of FIS by designing the 
Mamdani type fuzzy logic control. The simulation results 
clearly show the steady-state response of output power. It 
indicates the perfect operation of the fuzzy – PID controllers 
along with two fault deductions in the transmission line.   
The Electrical model of DFIG equations derived above in 
this paper is used in MATLAB, Simulink environment to 
design a DFIG model along with two fault detectors and a 
Fuzzy- PID controller. In the future, effective strategies can 
be used to reduce the relative power in the DFIG and to 
improve the grid distribution capabilities the fault ride can 
be improved. This research and construction of this model in 
Simulink show a stable, reliable, and robust performance of 
the DFIG under the effect of faults and fluctuations in 
reactive power produced in the wind turbine, the designed 
simulator has well-handled the uncertainties that occurred 
during the operation of production of the electricity. 
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