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Abstract: 

To ensure the best operations situation of the wind turbine under critical conditions, a thoroughly analysis of 

converter controls in both machine and grid sides is essential. The grid side is playing the major role therefore its 

codes as stabilization, fault ride through, quality of power improving, synchronizing, controlling power and other 

codes must be satisfied. This paper aims to analyze the Doubly-Fed Induction Generator (DFIG). Analysis shall cover 

the situations: under balanced grid, under voltage sag, under voltage swell, under changes in reactive power demand 

and under changes in supply frequency. The system model and controlling are needed to analyze the whole DFIG 

system in the steady-state and transient state operations. A back to back converters are used in this system. A model 

of the grid converter independently controlling the active and reactive power including dc-link voltage is constructed. 

Machine side converter model is also built such that it is maintaining the unity power-factor and controlling reactive 

power regardless the transient condition of the grid. MATLAB/SIMULING models are used for this analysis. 

Key words: Doubly-Fed Induction Generator (DFIG), Modeling, Simulation and Analysis 

1.Introdution 

Kyoto protocol and other summits concerning the “climate changes” have issued a real warning of the negative 

effects of science speedy progress on the environment. Electricity, which is the first source of energy needed is also 

the main source of the environmental pollution because of the fuel type used to generate, which is meanly a coal-like 

fuel. A renewable energy source is becoming one of the most interesting issues for the scientific and industrial 

communities. A hydel and a wind-borne electricity are avenues of producing clean electrical energy. Electrical 

machine as a generator is used to produce the electricity. Induction machine, with its noticeable positive criteria 

comparing to synchronous and DC generator, is becoming the preferable machine type for this purpose. Doubly Fed 

Induction Generator (DFIG) which is a “Wound Rotor machine” is becoming  essential in the wind farms and hydel 

(from stand-alone to the grid connected). The grid side converter is a key part to ensure the wind turbine grid code 

necessities [1].  

The grid power (active and reactive) could be independently controlled by the line side converter’s vector 

control [2,3] is explaining the energy recovery of DFIG with controlled and a variable frequency at the rotor side. A 

current controlled cyclo-converter was used by [4] to analyze the DFIG steady state analysis behavior. The wind-

turbine optimum torque speed contour is traced for DFIG system which isa stator field oriented controlled [5]. The 

equilibrium state of a 3-phase grid was analyzed in [6,7] when a grid converter is controlled by VOC (Voltage Oriented 

Control). This work is studying and analyzing the DFIG system at different cases of grid voltage fluctuations. 

Most the researches dealing with the DFIG wind turbine controlling techniques in [8,9] are concentrating on 

how to possibly supply all the power generated to the grid economically. To be able to reach this situation, the wind 

turbine must be operated in a varied range of the speed of wind within the rated ranges of power and produced voltage 

as well as the specified power-factor. However, the nowadays is requiring the wind turbine to adjust the re-active and 

active powers corresponding to the power setting power points of the system controller which are take in to 

consideration the ability of power producing besides the needed power. This paper is focusing on studying the 

controlling of the DFIG wind turbine to serve this purpose. The turbine blades are the part which is responsible for 
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collecting the kinetic energy from the wind. Therefore there are many trials to design the blade [10-12] to be optimally 

collecting the wind energy. The profile is depending on the blade shape including the rotation and the tip angle. The 

simplicity of the design of turbine rotor is a general practice considering the theoretical optimality and the practical 

ability of construction [13]. 

The following DFIG’s categories are the reasons behind its use in this study: 

 .Its capability of reactive power controlling and decoupling it from active power controlling by 

controlling the current of the rotor excitation independently.  

 .The magnetization of DFIG could be done from the rotor circuit and not only from the grid. It is also 

able to provide the stator with the power by its reactive power through the converter of the grid side.  

 . If the grid voltage fluctuated the DFIG could be in the case of a weak grid, where the voltage may 

fluctuate, the DFIG may be organized to control the voltage grid by producing or absorbing the needed 

voltage.   

This paper is also considering the fluctuations of the grid voltage in the DFIG system analyses.  

2. Doubly-Fed Induction Generator (DFIG) System 

DFIG is an induction machine with two back-to-back converters. The machine’s stator is connected to the grid 

through one of the two converters. The other converter is connected to the rotor of the machine via a DC-link capacitor. 

The function of the converter in the grid side is to keep the DC-link voltage constant. The machine side converter is 

regulating the prime mover speed which is giving the system the ability to be normally functioning with variable 

speeds.  

The d-q reference frame model was constructed for both the steady and transient states of DFIG. The rotor d-

q currents and the references of the stator real/reactive power in a determined orientation relation is clarified using the 

steady-state model. The power controlling of DFIG directives are acquired through the transient model. Figure (1) is 

showing the whole system blocks.  

The main parts of the system are: 

1.PWM Voltage source converters (Grid side converter and Machine side converter)  

2.Utility grid  

3.PI controller 

 

 

 

 

 

 

 

 

 

 

 
Fig(1)basic diagram of Doubly fed induction generator with converters 
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3. Dynamic Modeling of DFIG in State Space Equations  

Each dynamic system could be represented in space of “n” co-ordinate axes where “n” is the number 

of system’s function of time states. This representation is called the state space representation which could 

be simulated as a model by using MatLab. This representation and modeling is of a great help in analyzing 

the transient behavior of the system. The state space equations fundamentals are, Equations (1) are the 

general forms of the linear time invariant system state-space representation where A, B, C and D are 

constant matrices. Eq. (1) - ( 11) are the state space model of DFIG model (qs, ds, qr, dr are the 

state variables) [8]. 

        𝑋(𝑡) = 𝐴𝑋(𝑡) + 𝐵𝑈(𝑡)

       𝑌(𝑡) = 𝐶𝑋(𝑡) + 𝐷𝑈(𝑡)
)                                                                                                                                        (1) 

Equations (2) are for linear time variant system, where A, B, C, D are time dependent matrices. 

      (
    𝑋(𝑡) = 𝐴(t)𝑋(𝑡) + 𝐵(t)𝑈(𝑡)

𝑌(𝑡) = 𝐶(t)𝑋(𝑡) + 𝐷(t)𝑈(𝑡)
)                                                                                                                                  (2) 

The synchronously rotating frame (having flux linkages as the state variables) DFIG machine’s state space 

representation is as in Equations (3) represent the voltage and flux equations). 

 

 𝑉𝑞𝑠 = 𝑅𝑠𝑖𝑞𝑠 +
1

𝜔𝑏

𝑑

𝑑𝑡
𝛹𝑞𝑠 +

𝜔𝑒

𝜔𝑏
𝛹𝑑𝑟  

 

𝑉𝑑𝑠 = 𝑅𝑠𝑖𝑑𝑠 +
1

𝜔𝑏

𝑑

𝑑𝑡
𝛹𝑑𝑠 +

𝜔𝑒

𝜔𝑏
𝛹𝑞𝑠  

                                                                                                (3)      

𝑉𝑞𝑟 = 𝑅𝑟𝑖𝑞𝑟 +
1

𝜔𝑏

𝑑

𝑑𝑡
𝛹𝑞𝑟 +

(𝜔𝑒−𝜔𝑟)

𝜔𝑏
𝛹𝑑𝑟   

 

𝑉𝑑𝑟 = 𝑅𝑟𝑖𝑑𝑟 +
1

𝜔𝑏

𝑑

𝑑𝑡
𝛹𝑑𝑟 +

(𝜔𝑒−𝜔𝑟)

𝜔𝑏
𝛹𝑞𝑟  

The set of Equations(4) is modeling the flux linkage in terms of reactance. 

𝛹 𝑞𝑠 = 𝑋𝐼𝑠𝑖𝑞𝑠 + 𝑋𝑚(𝑖𝑞𝑠 + 𝑖𝑞𝑟)  

𝛹𝑑𝑠 = 𝑋𝐼𝑠𝑖𝑑𝑠 + 𝑋𝑚(𝑖𝑑𝑠 + 𝑖𝑑𝑟)  

𝛹 𝑞𝑟 = 𝑋𝐼𝑠𝑖𝑞𝑟 + 𝑋𝑚(𝑖𝑞𝑠 + 𝑖𝑞𝑟)                                                                                                                                              (4)  

𝛹𝑑𝑟 = 𝑋𝑖𝑟𝑖𝑑𝑟 + 𝑋𝑚(𝑖𝑑𝑠 + 𝑖𝑑𝑟)  

𝛹𝑞𝑚 = 𝑋𝑚(𝑖𝑞𝑠 + 𝑖𝑞𝑟)  

𝛹𝑑𝑚 = 𝑋𝑚(𝑖𝑑𝑠 + 𝑖𝑑𝑟)  
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The currents in terms of flux linkages and mutual flux linkages (ψqm and ψdm) are as in Equations (5) 

 

   𝑖𝑞𝑠 =
𝛹𝑞𝑠−𝛹𝑞𝑚

𝑋𝐼𝑠
  

𝑖𝑞𝑟 =
𝛹𝑞𝑟−𝛹𝑞𝑚

𝑋𝐼𝑟
  

𝑖𝑑𝑠 =
𝛹𝑑𝑠−𝛹𝑑𝑚

𝑋𝐼𝑠
                                                                                                                                                                        (5)    

𝑖𝑑𝑟 =
𝛹𝑑𝑟−𝛹𝑞𝑚

𝑋𝐼𝑟
  

 

                       The voltages in terms of currents can be expressed: 

  

    𝑉𝑞𝑠 =
𝑅𝑠

𝑋𝐼𝑠
(𝛹𝑞𝑠 −𝛹𝑞𝑚) + 

1

𝜔𝑏

𝑑𝛹𝑞𝑠

𝑑𝑡
+
𝜔𝑒

𝜔𝑏
𝛹𝑑𝑠   

    𝑉𝑑𝑠 =
𝑅𝑠

𝑋𝐼𝑠
(𝛹𝑑𝑠 − 𝛹𝑞𝑚) +  

1

𝜔𝑏

𝑑𝛹𝑞𝑠

𝑑𝑡
−
𝜔𝑒

𝜔𝑏
𝛹𝑞𝑠  

𝑉𝑞𝑠 =
𝑅𝑠

𝑋𝐼𝑠
(𝛹𝑞𝑠 − 𝛹𝑞𝑚) + 

1

𝜔𝑏

𝑑𝛹𝑞𝑠

𝑑𝑡
+
𝜔𝑒

𝜔𝑏
𝛹𝑑𝑠                                                                                                              ( 6)  

   𝑉𝑞𝑟 =
𝑅𝑟

𝑋𝐼𝑟
(𝛹𝑞𝑟 − 𝛹𝑞𝑚) + 

1

𝜔𝑏

𝑑𝛹𝑞𝑟

𝑑𝑡
+
(𝜔𝑒−𝜔𝑟)

𝜔𝑏
𝛹𝑑𝑟   

The DFIG state variables can be deduced from (6) as in Equations set (7). 

 

𝑑𝛹𝑞𝑠

𝑑𝑡
= 𝜔𝑏 [𝑉𝑞𝑠 −

𝜔𝑒

𝜔𝑏
𝛹𝑑𝑠 −

𝑅𝑠

𝑋𝐼𝑠
(𝛹𝑞𝑠 − 𝛹𝑞𝑚)]  

𝑑𝛹𝑞𝑠

𝑑𝑡
= 𝜔𝑏 [𝑉𝑑𝑠 −

𝜔𝑒

𝜔𝑏
𝛹𝑑𝑠 −

𝑅𝑠

𝑋𝐼𝑠
(𝛹𝑑𝑠 −𝛹𝑞𝑚)]  

    𝑑𝛹𝑞𝑟

𝑑𝑡
= 𝜔𝑏 [𝑉𝑞𝑟 −

𝑅𝑟

𝑋𝐼𝑟
(𝛹𝑞𝑟 −𝛹𝑞𝑚) − (

(𝜔𝑒−𝜔𝑟)

𝜔𝑏
)𝛹𝑑𝑟]                                                                                               (7)      

𝑑𝛹𝑑𝑟

𝑑𝑡
= 𝜔𝑏 [𝑉𝑑𝑟 −

𝑅𝑟

𝑋𝐼𝑟
(𝛹𝑑𝑟 − 𝛹𝑞𝑚) + (

(𝜔𝑒−𝜔𝑟)

𝜔𝑏
)𝛹𝑞𝑟]  

where 

 

 

                                              (8)                                                         

 

𝛹𝑞𝑚 =
𝑋𝑚𝐼
𝑋𝐼𝑠
𝛹𝑞𝑠 +

𝑋𝑚𝐼
𝑋𝐼𝑟
𝛹𝑞𝑟 

𝛹𝑑𝑚 =
𝑋𝑚𝐼
𝑋𝐼𝑠
𝛹𝑑𝑠 +

𝑋𝑚𝐼
𝑋𝐼𝑟
𝛹𝑑𝑟 

   𝑋𝑚𝐼 = (
𝑋𝑚𝑋𝐼𝑠𝑋𝐼𝑟)

𝑋𝐼𝑠𝑋𝐼𝑟+𝑋𝑚𝑋𝐼𝑟+𝑋𝑚𝑋𝐼𝑠
)  
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The state space matrix shall be as in Eq (9). 

 

 

 

 

 

                                     (9) 

                                                                                                                                                                    

                                                                                                                                                                    

The electromotive torque is generated due to the mutual effects of rotor’s mmf and the flux of the air-gap. The 

rotor is not moving at the synchronous speed and therefore no emf generated so no current as well and this makes the 

torque be zero. At any other none-synchronous speed, torque will be produced and hence the machine shall behave as 

a motor. When machine used as a generator the torque is provided by a mean of mechanical movement which could 

be provided by wind (which is the case in this work). Torque equations in terms of current and flux linkages could be 

written as in Equation(10). 

 𝑇𝑒 =
3

2

 𝑃

2
(𝜆𝑑𝑠𝑖𝑞𝑠 − 𝜆𝑞𝑠𝑖𝑑𝑠)  

      =
3

2

𝑃

2
(𝑖𝑞𝑠𝑖𝑞𝑟 − 𝑖𝑑𝑠𝑖𝑞𝑟)                                                                                                                                           (10) 

   =
3

2

𝑃

2
(𝜆𝑑𝑟𝑖𝑞𝑟 − 𝜆𝑖𝑑𝑟)  

Torque equations in terms of state variables as:  

   Te =
3

2

 P

2

1

ωb
(Ψdsiqs −Ψqsids)  

   =
3

2

 P

2

1

ωb
(Ψdriqr −Ψqridr)                                                                                                                                    (11) 

 

4. Grid Side Converter Control 

The grid side converter is used to regulate the voltage of the DC link between the two converters. 

The unexpectedly changes of the grid voltage as a result of the sudden load changes and/or abrupt changes 

of the wind speed which is causing changes across the rotor and stator of the DFIG. The back-to-back 

converters and the dc-link capacitor shall also have the same effects. The grid voltage and the DFIG stator 

voltage are same because grid is directly connected to the DFIG, this means that the DC link voltage is 

related to the grid voltage. there is a relationship between the grid voltage and the DC link voltage. The 

mathematical model in equations (12) are clarifying the grid side converter voltages [8]. 
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  𝐕𝐝 = 𝐑𝐢𝐝 + 𝐋
𝐝𝐢𝐝

𝐝𝐭
−𝛚𝐞𝐋𝐢𝐪 + 𝐕𝐝𝟏                                                                                                                                    (12)                                      

  𝐕𝐪 = 𝐑𝐢𝐪 + 𝐋
𝐝𝐢𝐪

𝐝𝐭
+ 𝛚𝐞𝐋𝐢𝐝 + 𝐕𝐪𝟏 

vd1 and vq1 are the two-phase voltages found from va, vb and vc using d-q theory. The settings of the reference 

values are setting such that the DC link voltage is constant and a unity power factor of the complete system. The grid 

side converters reference voltage vectors are found Eq(13). 

  𝐕𝐝
∗ = 𝐕𝐝− 𝐢𝐝

∗𝐑 + 𝐢𝐪
∗𝛚𝐞𝐋 − 𝐕𝐝                                                                                                                                             (13)                       

  𝐕𝐪
∗ = 𝐕𝐪-𝐢𝐪

∗𝐑 + 𝐢𝐝
∗𝛚𝐞𝐋 − 𝐕𝐝 

The plants for the voltage and current loops are shown in Eq. (14)below. 

 

   F(s) =
id(s)

Vd(s)
=
iq(s)

Vq(s)
=

1

Ls + R
 

                                                                                                                                                                                                    (14 ) 

   G(s) =
Vds(s)

id(s)
=
3m1

2√2
 

 

The controlling of active and reactive power is established independently by dq current component that 

administered by (15). Figure (2 ) is showing the detail control policy. 

    𝐏𝐬 =
𝟑

𝟐
(𝐕𝐝𝐢𝐝 + 𝐕𝐪𝐢𝐪) 

  

    𝐐𝐬 =
𝟑

𝟐
(𝐕𝐝𝐢𝐪 + 𝐕𝐪𝐢𝐝)                                                                                                                                                                       (15)                             

5. Machine Side Converter Control 

The goal of the converter at the machine piece Figure 2 is to control the speed of the rotor to keep it constant 

even with the changes of the wind speed. The other purpose of the converter is controlling the active and reactive 

power stream by the current of the rotor. The two types of power (active and reactive) flow are controlled by the two 

components of the rotor current, idr is controlling the active while iqr is to control the reactive. The reactive power 

value must be zero to get a unity power factor. The unit vector is found in the same method that is used in the grid 

side converter case. The next equations are the machine side converter mathematical model. The reference voltage 

vectors for machine side converter are being derived using Eq (16). 
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    𝐕𝐝𝐫
∗ = 𝐕𝐝𝐫 + 𝐢𝐝𝐫𝐑𝐫 − (𝛚 − 𝛚𝐫)[𝐢𝐪𝐫𝐋𝐫 + 𝐋𝐦𝐢𝐪𝐬]                                                                                         

    Vqr
∗ = Vqr + iqrRr + (ω − ωr)[idrLr + Lmids] 

    𝐕𝐝𝐫
∗ = 𝐕𝐝𝐫 + 𝐢𝐝𝐫𝐑𝐫  − (𝛚 −𝛚𝐫)[𝐢𝐪𝐫𝐋𝐫 + 𝐋𝐦𝐢𝐪𝐬]                                                                                                     (16) 

    𝐕𝐪𝐫
∗ = 𝐕𝐪𝐫 + 𝐢𝐪𝐫𝐑𝐫 + (𝛚 − 𝛚𝐫)[𝐢𝐝𝐫𝐋𝐫 + 𝐋𝐦𝐢𝐝𝐬] 

 

Where 𝐕𝐝𝐫and 𝐕𝐪𝐫 are determined by feeding the current errors to a standard PI controller. The reference input 

current i*dr could be deduced from reference torque Equ( 17) or from the speed error  in the speed control using 

standard PI controller. In the same way the reactive power errors is used to find i*qr. Current control loops are 

controlled by speed and reactive power. The following expression is to calculate the electromagnetic torque. 

 
     
T e =

3

2

 P

2
(λdsiqs − λqsids) 

   = −
3

2

 P

2
λqsids 

                                                                                                                                                                                       (17)                                                                                                                                                          

    = −
3

2

 P

2
λqs [−

Lm
Ls
idr] 

 

    =
3

2

 P

2

Lm
Ls
λqsidr 

 

PLL
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Qf

Q*f

Iabcs

PI current 

contrrol

Qs  wr

control
qd

abc
PWM RSC

abc

Stator Flux

Estimation

DFIGencoder
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Fig (2) Schematic diagram of DFIG wind turbine Control Structure 
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6. Basic Concepts and Aerodynamic Characteristics of the Wind Turbine 

The mechanical power is produced from the wind kinetic energy by a transducer called “wind turbine”. The 

wind kinetic energy depends on the wind speed and the density of air as in Equations (18). [13] 

pair =
1

2
(air mass per unit time)(wind velocity)2                                                                         

pair = 
1

2
πρR2v3                                                                                                                     (18)                                                                                                                                   

ρ: is the air density(1.225 kg/m3) and V is the wind velocity 

R: radius of the rotor or the blade length [m] 

Practically, the wind kinetic energy couldn’t be transformed into mechanical energy. Therefore, the 

power captured from the wind turbine is obtained as follows [14, 15]: power coefficient, Cp used to describe 

the performance of any size of wind turbine rotor. 

Cp =
Pwind turbine              

pair
                                                                                                                                    (19) 

𝑃𝑤 =
1

2
𝐶𝑝(𝜆, 𝛽)𝜋𝜌𝑅

2𝑣3                                                                                                                                  (20)                        

Theoretically the maximum achievable power factor coefficient never more than 59.3%  (Betz limit) while in 

practice it can reach to 45% [13] which is below the theoretical limit due to inefficiencies and losses related to different 

configurations of airfoil profile. The relationship between the wind speed and the rate of rotation of the rotor is no 

dimensional factor named the tip speed ratio (TSR) λ which is described as follows: 

𝜆 =
𝑏𝑙𝑎𝑑𝑒 𝑡𝑖𝑝 𝑠𝑝𝑒𝑒𝑑         

𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑
                                                                                                                                        (21) 

Equation (22) is to calculate the tip speed of the blade as a function of the turbine rotational speed and blades’ 

length. 

blade tip speed =
rotational speed(rpm)∗π∗D

60
                                                                                                            (22)            

 Where D is turbine diameter 

The different mathematical formulae have been used in previous studies to calculate the power coefficient and 

one of these is shown below [11]: 

 

Cp(λ, β) = C1(C2 − C3β − C4)e
−C5 + 0.0085λ                                                                                                          (23) 

Where: 

λi =
1

λ − 0.08β
−
0.0035

1 + β3)
 

 
 

 
 

C1 = 0.5872,  C2 =
116

λi
 , C3 =  0.4 , C4 = 5,    C5 = 

21

λi
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7. Wind Turbines’ Standard Features' 

The following paragraphs are graphically explanation of the wind turbine performance at various 

wind speeds.  

7.1. Power versus Speed behavior 

Figure (3) is showing the performance of the turbine at various wind speeds [14]. Fig (4) is showing 

changes in the coefficient of power according to TSR (λ) with a controlled pitch of blade (the power 

coefficient depends not only on TSR but also on the blade pitch angle).the Cp is maximum while increasing 

the pitch angle the power coefficient decreases. (At β= 0, the value of Cp is maximum this value reduces 

as the pitch angle increases. This is the important fact to be considered when pitching the turbine blades). 

 

 

 

 

 

 

Fig (3) the power-speed curves of wind turbine               Figure (4): Power coefficient for different pitch angles 

  Typical characteristic of the power coefficient with respect to the tip speed ratio (TSR λ) and blade pitch 

control in Figure [ 5 ] it can reach to 48% . 

 

 

 

 

 

 

 

Figure (5): Power coefficient versus pitch angles and tip-speed-ratios 

7.2. Torque-Speed Curves 

The rotational speed of the torque-shaft curves for several wind speeds are in figure (6). It is showing that for 

each wind speed there is one rotational speed producing maximum torque (Tmax) which is having a contour as a 

function of the square of the shaft radial speed (ω2). When electricity produced, the electrical load is affecting the 

torque. By proper choose of this load, the torque could be made to be changing with the square of the shaft radial 

speed. Equation (21) is showing this relationship. 
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Tabal-1(Rating and Specification of DFIG). The wind turbine in this study is on 1.5MW, with a horizontal axis, 
and three-bladed with blade radius 35m, wind turbine with pitch control. A DFIG of two-pair pole is used. The 
parameters of the DFIG based wind turbine system. Table 1 is stating these parameters which are close to the wind 
turbine that are commercially available. Figure (7) shows the structure of the grid-synchronization DFIG system 
completely with a  converter mode. 

  Table(1)                                                                                                                             

                                                                                                              

  

                

 

 
 

 

 

 

 

 

Fig (6). The torque versus speed characteristics of wind turbine 

 
Figure (7): The DFIG wind turbine model test system under Matlab/SimPower System 
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The speed of the rotor is controlled using the PID type in the model of the system. PID controller is 

adjusting the pitch angle of the blade to keep the rotor speed constant regardless of the wind speed changes. 

Figure 6 illustrate the controller behavior where Δωr (input) is the rotor speed changes and ΔUc is the pitch 

angle changes (out-put) operation of the controller where represents the variations in the rotor speed and 

represents the changes in the output .Figure 8 shows the closed loop system using the rotor current control 

(RSC in S-domain) using PI controller which is commonly and effectively used in automatically controlled 

systems. The controller could also be used to guard the DFIG system from the over-current damages by 

using a current limiters in the loop as shown below. Figure 9 shown (Ts), is the sample time 0.5ms. The 

control of the current in RSC in z-domain. Figure (10) shows The control of the current in the GSC have 

parameters used in the standard design techniques of the DFIG system may be applied 
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Figure (8): Closed loop current control of RSC in S-domain        Figure (9). control of the current in 

RSC in z-domain 
   

 
Figure (10). Current control loop of the GSC in S-domain [12]. 

8. Results and Discussion 

This section is discussing the performance of the DFIG system under grid voltage fluctuations. The fluctuations 

are deliberated by varying the grid voltage values. The MatLab/SimuLink simulation is the tool used to analyze the 

system behavior for several cases of the grid disturbances. The wind speed and supply frequency changes on the 

system performance are taken in to consideration as well as the DFIG reactive power. 

A- Simulation under balanced grid 

The DFIG at steady state behavior waves are shown in Figure (11). The waveforms show that the DC link 

voltage is not changing as a result of control approach in the grid side converter while the reactive and active powers 

that the utility grid supplied are decoupled. The rotor and stator fluxes are not changing as shown in Fieger (16). 
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Fig (11) -Simulation under balanced grid 

B- Simulation under Voltage Sag: 

Figure (12) is a system simulation at voltage sag condition. The turbine maximum output mechanical 

power is reduced by generator electrical loss, at the DFIG system, is generating 7 kW as active power. At 

a sudden change in grid voltage from the rated value, say 415 V, the currents of the stator and rotor rises 

and P (active power) is unexpectedly fluctuates for a time to settle down to the rated value. The setting 

value of the reactive power is 0kVAr. At voltage declines, a sudden increasing in a reactive power but the 

control protocol of the convertor at the rotor side is bringing its back to its setting value (0kVAr). Through 

the convertor at the grid, DC link voltage was set to 850 V. This voltage is also fluctuated at voltage sag 

then return to the setting value (850 V) despite that the rotor speed is kept not changing (1080 rpm) and the 

speed of wind also constant at 10 m/s. The rotor and converter outputs are having same values. It is showing 

that when the grid voltage is suddenly reduced to 50%, the rotor flux is reduced accordingly as shown in 

Fig (17).  
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Fig (12) Simulation under Voltage sag: 

C-Simulation under Voltage Swell 

The simulation results of this case are clarified in Figure (13). At the 120% increase of the grid rated voltage, 

the results are showing that the rotor and stator currents are decreasing with a sudden decrease in the Q (reactive 

power) then back again to its zero value. The generator response at 0.2s at a voltage of 120% of the rated value. The 

rotor flux is also proportionally increasing with the voltage swell. As shown in Figure (18) 
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Fig (13).Simulation under Voltage swell 

D. Simulation under Change in Supply Frequency 

Figure (14) is showing the system response under the supply frequency changes (from rated frequency 50Hz 

to 48Hz). The machine response is out of control. When the supply frequency changed from 50Hz to 48Hz, the un-

expected response of the machine could be observed in a time interval 0.22-0.3 seconds. This result is suggesting the 

use of different control protocol for this type of changes.  
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Fig (14).Simulation under change in supply frequency 
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E -Simulation under change in reactive power demand  

Figure (15) shows the system parameters responses when the demand of the reactive power setting is changed 

from 0p.u. to 1p.u. 
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Fig (15) Simulation under change in reactive power demand 

Finger .17 (a,b,c,d and d) is showing the Stator and Rotor Flux path under several cases.( balanced grid, Voltage 

Sag, Voltage Swell, Reactive power demand Conduction and change in Supply Frequency). 

Under balanced grid the rotor and stator fluxes are not changing as shown in Fieger (15-a) while It is showing 

that when the grid voltage is suddenly reduced to 50%, the rotor flux is reduced accordingly as shown in fig (15-b). 

The rotor flux is also proportionally increasing with the voltage swell as shown in Figure (15-c) 
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b. Under voltage sag Conduction 
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C. Under voltage swell Conduction 
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d. Under change in Reactive power  
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Finger (17). Stator and Rotor Flux path 
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10-Conclusions 

The DFIG system’s model is tested in a MATLAB/SIMULING as a state space equations’ system. 

The system with a back-to-back converter with a standard adjustment PI controller is also simulated. The 

conventional voltage control technique is used to control both grid side and machine side converters. The 

performance of this modeled DFIG system driven by wind turbine is analyzed under grid voltage fluctuation 

case. The test shows clearly the suitability of this controlling technique at the sudden changes in grid 

voltage. The results for different power quality issues have been obtained from the modelat a selected 

switching frequency of 3 kHz and a dc-link capacitance of 1000μF. 
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