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ABSTRACT: Wind energy is playing a vital role in 

the world’s energy markets nowadays, considering its 

striking growth rate in the last few years. Variable 

Speed wind turbines have many advantages over 

fixed-speed generation such as increased energy 

capture, operation at maximum power point, 

improved efficiency, and power quality. Fuzzy logic 

controller is employed for the control of pitch angle, 

real and reactive power flows of grid connected 
direct driven VSWT-PMSG system. The control 

system is done by planning the appropriate 

trajectories on components of the output variable 

vector of the system. The main advantage of the 

proposed method is control of the system even during 

the transient state as well as the high performance. 

The studied system includes a three-bladed horizontal 

wind turbine and a permanent magnet synchronous 

generator (PMSG) which is connected to the grid 

through a back to back converter and a filter. To 

study performance of the control strategy, a random 
profile of the wind speed has been used. Where the 

fuzzy control system active and reactive power RMS 

values are also much better shape so that the reactive 

power compensation is not very big issue. When 

using the fuzzy controller harmonic distortion in 

wind speed &turbine speed is 0.86 as compared to 

PID controller value it is 1.77, also the active power, 

pitch angle, DC link voltage & reactive power are 

batter in fuzzy logic controller as compared to PID 

Controller. A new nonlinear control method based on 

differential flatness is applied to a high-power wind 

energy conversion system connected to the grid is 
proposed in this paper. To prove the efficiency of the 

proposed control method, several simulation results 

in Matlab \ Simulink for a 5 MW wind turbine are 

presented. 

 العالم يف الطاقة أسواق في حيويًا دوًرا الرياح طاقة تعتبر الملخص : 

 يف المذهل النمو معدل االعتبار في األخذ مع ، الحاضر الوقت في

 السرعة رةالمتغي الرياح توربينات تتميز. الماضية القليلة السنوات

 التقاط ةزياد مثل ، الثابتة السرعة بتوليد مقارنة المزايا من بالعديد

 ، اءةالكف وتحسين ، الطاقة من نقطة أقصى عند والتشغيل ، الطاقة

  على للسيطرة ضبابي منطق تحكم وحدة استخدام يتم. الطاقة وجودة

لنظام والتفاعلية الحقيقية الطاقة وتدفقات ، الملعب زاوية  )VSWT-

PMSG( خالل نم النظام في التحكم يتم. بالشبكة مباشرة المتصل 

 رالمتغي اإلخراج متجه مكونات على المناسبة للمسارات التخطيط

 حتى نظامال في التحكم هي المقترحة للطريقة الرئيسية الميزة. للنظام

 على المدروس النظام يشتمل. العالي األداء وكذلك العابرة الحالة أثناء

 مغناطيسلل متزامن ومولد الشفرات ثالثية األفقية الرياح توربينات

 إلى الخلف من محول خالل من بالشبكة متصل (PMSG) الدائم

 لفم استخدام تم ، التحكم استراتيجية أداء لدراسة. ومرشح الخلف

قوة الغامض التحكم نظام حيث. الرياح لسرعة عشوائي تعريف  

)RMS( والقيم النشطة  )RMS( حيثب الشكل بكثير أفضل أيضا هي 

 التشوه خداماست عند. جدا كبيرة قضية ليست التفاعلية الطاقة تعويض

 ربيناتالتو وسرعة الرياح سرعة في الغامض التحكم لجهاز التوافقي

التحكم وحدة بقيمة مقارنةً  0.86  )PID( القوة أن كما ، 1.77 فهي 
 لتفاعليةا والطاقة المستمر للتيار الوراثي والجهد الميل وزاوية النشطة

في مالتحك بوحدة مقارنةً  الغامض المنطق تحكم وحدة في الخليط هي  

)PID(. لىع تعتمد الخطي غير للتحكم جديدة طريقة تطبيق تم 

 المتصل قةالطا عالي الرياح طاقة تحويل نظام على التفاضلية التسوية

 من العديد متقدي يتم ، المقترحة التحكم طريقة كفاءة إلثبات. بالشبكة

ماتالب.\ المحاكاة نتائج ميجاوات 5 بقدرة الرياح لتوربينات   

INTRODUCTION 

Now days the use of electricity is the basic 

needs of any firm it may be for industrial purpose or 

for simple household the first and foremost 

requirement of all is the electric energy for 24 x 7. To 
fulfill this requirement all the nations rather it is 

developed country or developing country trying to 

provide it is as well as possible. In this race of 

production of electric energy the coal and fuel based 

plants are the best options since their efficiency is 

well good as compared to other generating systems. 

But as we all know the fossil fuels are non renewable 

so we have to take care of that portion also and the 

main thing is the adverse effects of these generating 

stations .As so much harmful gases are exhausted in 

environment which will effect environment and also 

become a reason of increased global warming. To 
overcome all these effects a step has been taken of 

producing electric energy by using non renewable 

energy resources such as solar power and wind 

power. In these systems the electric energy generated 

is clean and pollution free. The installation of wind 

turbines in power systems has developed rapidly. The 

problem of climate change, high price of oil, 

increasing resistance on the use of coal, oil and 

uranium are the main reasons of the rapid 

development of the production of wind energy. A 

direct drive permanent-magnet synchronous 
generator operating at variable speeds is connected to 

the grid through a full-scale frequency converter. 



 
 

That leads to economies and removing the difficult 

and expensive implementation of equipment [2]. 

The main advantage of this control method 

is the ability of predicting behavior of the system 

state variables in the transient state as well as the 

steady state. Various topologies and different 
methods have been proposed to product the electrical 

energy and to control the power delivered to the grid. 

This method has been used to manage the energy in 

an electrical hybrid system to control a permanent 

magnet synchronous motors and to control induction 

machines. It has been shown that this type of control 

can improve performance of the system in transient 

state in comparison with the traditional vector control 

method. For this purpose, reference trajectories are 

such planned that the maximum power can be 

extracted from the wind.  

                  MODEL OF THE SYSTEM 
In this paper, a new control strategy based 

on the flatness properties is proposed to control of a 

variable-speed wind energy system connected to the 

grid, shown on Fig.1. The system consists of a wind 

turbine based on PMSG connected to the grid 

through an electronic power interface. In the 

following, the model of each subsystem will be 

presented. 

   Fig.1: General Structure of studied system. 

A.  Wind Turbine 

The wind power is defined by equation (1)  : 

𝑃𝑤 =
1

2
𝜌. 𝑆. 𝑣𝑤

3 =
1

2
𝜌. 𝜋. 𝑅2. 𝑣𝑤

3                             (1) 

 where 𝜌 is the air density (1.225kg/m³), R 

stands for the radius of the rotor blade in (m) and 

𝑉𝜔represent the wind speed in (m/s). However, not all 

the wind power can be extracted by the turbine and 

so, a power coefficient (𝐶𝑝) is A power coefficient 

defined as 

𝑃𝑎𝑒𝑟 = 𝐶𝑝(𝜆, 𝛽). 𝑃𝑤 = 𝐶𝑝(𝜆, 𝛽)
1

2
𝜌. 𝜋. 𝑅2. 𝑣𝑤

3         (2) 

𝜆 =
Ω𝑔𝑒𝑚𝑅

𝑣
                                                             (3) 

B.  Permanent Magnet Synchronous Generator 

The general model of the PMSG is obtained 

by considering only the fundamental harmonic of the 

flux distribution in the air-gap of the machine and by 
assuming the homo-polar component is neglected [9, 

10] .To define easily the control strategy of the 

system, the analytical model of the PMSG related to 

the rotor reference is given in (4). 

 

[
𝑉𝑑
𝑉𝑞
] = [

𝑅𝑠 + �̅�𝑑𝑠 𝜔𝑠 ∗ 𝐿𝑞

𝜔𝑠 ∗ 𝐿𝑑 𝑅𝑠 + �̅�𝑞𝑠
] [
𝐼𝑑
𝐼𝑞
] + [

0
𝜔𝑠𝜑𝑓

]        (4) 

{
𝑃𝑠 =

3

2
(𝑉𝑑𝐼𝑑 + 𝑉𝑞𝐼𝑞)

𝑄𝑠 =
3

2
(𝑉𝑑𝐼𝑑 − 𝑉𝑞𝐼𝑞)

                                              (5) 

In generator operation, mechanical equation is 

expressed as: 

𝑇𝑚 − 𝑇𝑒𝑚 = 𝐽𝑡
𝑑Ω𝑡𝑢𝑟

𝑑𝑡
+ 𝑓.Ω𝑡𝑢𝑟                               (6) 

𝑇𝑒𝑚 =
3

2
𝑝(𝜑𝑓 + (𝐿𝑑 − 𝐿𝑞)) 𝐼𝑞                              (7) 

 

C. The Electric Grid 

The dynamic model of the electric grid is expressed 

in (8) [10]: 

{
𝑉𝑔𝑑 = 𝑉𝑖𝑑 −𝑅𝑔 . 𝐼𝑔𝑑 − 𝐿𝑔

𝑑𝑖𝑔𝑑

𝑑𝑡
+𝜔𝑔 . 𝐿𝑔 . 𝐼𝑔𝑞

𝑉𝑔𝑞 = 𝑉𝑖𝑞 −𝑅𝑔 . 𝐼𝑔𝑞 − 𝐿𝑔
𝑑𝑖𝑔𝑞

𝑑𝑡
+ 𝜔𝑔 . 𝐿𝑔 . 𝐼𝑔𝑑

         (8) 

 

 

 

CONTROL STRATEGY OF THE SYSTEM 

 

In this proposed wind energy system the 

output ac voltage is controlled through amplitude and 

frequency. In this paper, a flatness based method is 

proposed to control the MSC, and a classical method 

is employed to control the GSC.Power from PMSG 

based wind turbine is fed to ac-dc-ac converters to 
maintain the output voltage at desired amplitude and 

frequency. As it can be seen from Fig.1, the turbine 

and the PMSG are connected to the grid through a 

back to back converter. The machine side converter 

(MSC) controls the rotation speed of the machine and 

therefore its torque while the grid side converter 

(GSC) ensures the DC-bus control and the active and 

reactive power management between the generator 

and the grid. This interface provides a nearly 

complete decoupling between the grid and the 

generator.  
 

A. Flatness Description 

To control the dynamic behavior of a 

system, using a formalism of differential algebra is 

used. 

 

𝑥 = 𝐵(𝑦, �̇� …… . 𝑦(𝑟))                                 (9) 

𝑢 = 𝐶(𝑦, �̇� …… . 𝑦(𝑟+1))                             (10) 

Where 

𝑥𝑒𝑅𝑛 , 𝑢𝑒𝑅𝑚 , 𝑦𝑒𝑅𝑚 

F: 𝑅𝑛 ∗ 𝑅𝑚 → 𝑅𝑛 , 𝐴: 𝑅𝑚 ∗ (𝑅𝑚)𝑞+1 →
𝑅𝑚 , 𝐵(𝑅𝑚)𝑟+1 → 𝑅𝑛  𝑎𝑛𝑑𝐶: (𝑅𝑚)𝑟+2  →
𝑅𝑚  𝑎𝑟𝑒 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠. 



 
 

In a flat system, all state variables and 

control are expressed as functions of a chosen flat 

output and its successive derivatives without 

integrating differential equations. Therefore, to 

control a system, the reference trajectories should be 

planned at first on the output variable components 
and then, the control variable components can be 

calculated. Differential flatness provides a good 

performance towards the robustness and parameter 

variations [14]. 

 

B. Differential Flatness of the System 

The system state space can be written as 

equation (11) from the mechanical equation and the 

model of the PMSM.  

 

𝑑

𝑑𝑡
[
𝐼𝑑
𝐼𝑑
Ω

] =

[
 
 
 
 
1

𝐿𝑑
∗ (−𝑅𝑠𝐼𝑑 +𝑉𝑑 + 𝑃Ω𝐿𝑞𝐼𝑞)

1

𝐿𝑞
∗ (−𝑅𝑠𝐼𝑞 +𝑉𝑞 − 𝑃Ω(𝐿𝑞𝐼𝑞)

1

𝐽
∗ (𝑝𝜑𝑓𝐼𝑞 − 𝑇𝑒𝑚 − 𝑓Ω) ]

 
 
 
 

             (11) 

The state vector x and the control vector u are 

defined by: 

𝑥 = [𝐼𝑑, 𝐼𝑞 ,Ω]
𝑇
𝜖 𝑅3                                              (12) 

𝑢 = [𝑉𝑑 , 𝑉𝑞]
𝑇
∈ 𝑅2                                                (13) 

Therefore the flat output y must be of the 

same order as the control vector (13).  

𝑦 = [𝑌Ω, 𝑌𝑑]
𝑇 

{
𝑌Ω = Ω

𝑌𝑑 = 𝜑𝑑
                                                               (14) 

From (11), It can be shown that: 

 

{
 
 

 
 𝐼𝑑 =

𝜑𝑑−𝜑𝑓

𝐿𝑑
= 𝑓𝐼𝑑(𝑌𝑑)

𝐼𝑞 =
1

𝑝𝜑𝑓
∗ (𝐽𝑦Ω + 𝑇𝑒𝑚 + 𝑓Ω) = 𝑓𝐼𝑞(𝑦Ω, 𝑦Ω)

Ω = 𝑦Ω = 𝑓Ω(𝑦Ω)

    (15) 

 

And 

{

𝑉𝑑 = �̇�𝑑 +𝑅𝑠𝑓𝐼𝑑(𝑦𝑑) − 𝑝𝑦Ω𝐿𝑞𝑓𝑖𝑞(𝑌Ω, 𝑌Ω)
̇

𝑉𝑑 = �̇�𝑑 +𝑅𝑠𝑓𝐼𝑑(𝑦𝑑) − 𝑝𝑦Ω𝐿𝑞𝑓𝑖𝑞(𝑌Ω, 𝑌Ω)̇

+𝑝𝑦Ω(𝐿𝑑𝑓𝐼𝑑(𝑦𝑑) + 𝜑𝑓)

      (16) 

 

Hence 

{
𝑉𝑑 = 𝑓𝑣𝑑(𝑦𝑑 , 𝑦�̇� , 𝑦Ω, 𝑦Ω̇)

𝑉𝑞 = 𝑓𝑣𝑜(𝑦Ω, 𝑦Ω̇, 𝑦Ω̈, 𝑦𝑑)
                                   (17) 

As it can be seen, the components of the 

state variable vector (15) and the control variable 

vector (17) are expressed as a function of the output 

vector components and its derivatives. It proves that 

the system is flat.  
 

C. Trajectory Planning 

According to the wind speed two operation 

modes can be defined for a wind turbine generator. In 

this operation mode, an optimal speed for the turbine 

can be found for each wind speed. This optimal speed 

corresponds to the maximum power which can be 

extracted from the wind. Therefore, the optimal speed 
is taken into account to generate the reference 

trajectory. 

 
Fig.2: Maximum power according to the wind 

speeds. 

 On the other words, once the generator 
nominal power is reached (at optimal wind speed), 

the output power of the turbine must be limited to 

this value by the control of the pitch angle as shown.  

 
Fig.3: Pitch angle control method. 

The reference trajectory can be written as: 

𝑦Ω
∗ (𝑡) = 𝑦Ω

∞(1− (1 + 𝜔𝑜𝑡))𝑒
−𝜔0𝑡)                    (18) 

where 𝜔0is the angular frequency of the second order 

system which is defined according to the desired rise 

time of the variables 

𝑦∞ = [𝑦Ω
∞ , 𝑦𝑑

∞] 
 

D. Control Law and the Control Parameters 

The integral terms ensure a zero static error 

in steady state and compensate the model errors. The 

coefficients of regulators are designed such that the 

operating points are stable.  



 
 

 
Fig.4: Block-diagram of the proposed control for 

MSC. 

E.  Energy Management between the PMSG and 

the Grid 

As it is mentioned above, a classical method 

is employed to control the GSC which includes two 

control loops. The first one (the inner loop) is based 

on the grid currents control, and the second one (the 

outer loop) is to regulate the voltage of the DC-bus 

and to control the reactive power, as shown on Fig.5.  

 
Fig.5:Energy management method between the 

PMSG and the Grid. 

The active and reactive power injected to the grid is 
written as: 

 

{
𝑃𝑔 =

3

2
(𝑉𝑔𝑑𝐼𝑔𝑑 + 𝑉𝑔𝑞𝐼𝑔𝑞)

𝑄𝑔 =
3

2
(𝑉𝑔𝑞𝐼𝑔𝑑 − 𝑉𝑔𝑑𝐼𝑔𝑞)

                                  (18) 

To synchronize the output voltage of the 

inverter with the grid’s one send the produced energy 

to the grid, a Phase Locked Loop (PLL) system 

should be used [17]. The block-diagram of the PLL 

system is illustrated on Fig.6. 

 
Fig.6: PLL block diagram. 

FUZZY LOGIC CONTROLLER 

In FLC, basic control action is determined 

by a set of linguistic rules. These rules are 
determined by the system. Since the numerical 

variables are converted into linguistic variables, 

mathematical modeling of the system is not required 

in FC.  

  
Fig.7.Fuzzy logic controller 

The FLC comprises of three parts: 

fuzzification, interference engine and defuzzification. 

The FC is characterized as i. seven fuzzy sets for 
each input and output. ii. Triangular membership 

functions for simplicity. iii. Fuzzification using 

continuous universe of discourse. iv. Implication 

using Mamdani’s, ‘min’ operator. v. Defuzzification 

using the height method. 

TABLE 1: Fuzzy Rules 

 

 



 
 

Fuzzification: Membership function values are 

assigned to the linguistic variables, using seven fuzzy 

subsets: NB (Negative Big), NM (Negative Medium), 

NS (Negative Small), ZE (Zero), PS (Positive Small), 

PM (Positive Medium), and PB (Positive Big). The 

Partition of fuzzy subsets and the shape of 
membership CE(k) E(k) function adapt the shape up 

to appropriate system. The value of input error and 

change in error are normalized by an input scaling 

factor. 

In this system the input scaling factor has 

been designed such that input values are between -1 

and +1. The triangular shape of the membership 

function of this arrangement presumes that for any 
particular E(k) input there is only one dominant fuzzy 

subset. The input error for the FLC is given as 

E(k) =  
Pph(k)−Pph(k−1)

Vph(k)−Vph(k−1)
                                  (19)    

CE(k) = E(k) – E(k-1)                               (20)   

 
Fig.8 .input error membership functions 

Fig 9 change as error membership functions 

Fig 10 Output variable membership functions 

Inference Method: Several composition methods 

such as Max–Min and Max-Dot have been proposed 

in the literature. In this paper Min method is used. 

The output membership function of each rule is given 

by the minimum operator and maximum operator. 

Table 1 shows rule base of the FLC. 

Defuzzification:  As a plant usually requires a non-

fuzzy value of control, a defuzzification stage is 

needed. To compute the output of the FLC, „height‟ 

method is used and the FLC output modifies the 

control output. Further, the output of FLC controls 

the switch in the inverter. In UPQC, the active power, 

reactive power, terminal voltage of the line and 

capacitor voltage are required to be maintained. In 

order to control these parameters, they are sensed and 

compared with the reference values. To achieve this, 

the membership functions of FC are: error, change in 
error and output 

The set of FC rules are derived from  

u=-[α E + (1-α)*C]                       (21) 

Where α is self-adjustable factor which can regulate 

the whole operation. E is the error of the system, C is 

the change in error and u is the control variable. A 

large value of error E indicates that given system is 

not in the balanced state. If the system is unbalanced, 

the controller should enlarge its control variables to 

balance the system as early as possible. One the other 

hand, small value of the error E indicates that the 
system is near to balanced state. 

 

 

 

SIMULATION RESULTS 

 

In this section, simulation results obtained in 

Matlab/Simulink environment are presented for a 
5MW wind turbine where a random wind profile with 

variable speed is used (fig) 11 to study behavior of 

the system. 

 

Parameters 

Air density: 1.225 kg/m³ 
Wind turbine  

Radius: R= 56 m  

Number of blades: 3  

Total inertia of the mechanical transmission: =10³ 
kg.m²  

PMSG  
Nominal power: Pn= 5 MW  

Stator resistance: Rg = 6.25mHΩ  

Self-inductance: Ls= 4.229mH  

Permanent magnetic flux: =11.1464 Nm/A  

Number of pole pairs: P = 75  

DC bus and filter  



 
 

DC bus voltage: Vdc = 4700 v  

Equivalent capacitance: C = 0.04 mf  

Filter resistance: Rg = 0.01mΩ  

Filter inductance: Lg = 0.5mH 

 
             Fig 11 Block diagram of simulation 

 
Fig.12: Wind speed & turbine speed profile 

 

Fig.12 this curve between wind speed & wind 

optimal of turbine ,where wind turbine constant 

speed at 11.5(m/s) and Symbolized by blue color in 

the curve ,it is stability work of the system not 

oscillating ,the wind speed it is  variable speed 

because change atmosphere and Symbolized by 

yellow color in the curve. 

 

 
Fig.13: Flat output variable components the 

mechanical speed & the magnetic flux. 

 
Fig.13 this curve between flat out variable 

components of the mechanical speed Ω & the 

magnetic flux Ѱd for wind turbine, it is shows equal 

at the speed both ,where  Symbolized by blue color in 

the curve for flat out variable components of the 

mechanical speed &  Symbolized by yellow color in 

the curve the magnetic flux, both are intertwined the 

same curve this shows the stability of the system. 

 

 
Fig.14: Flat output of fictive variables & reference 

trajectories 

 

Fig.14 this curve between output fictive variable for 

wind turbine & reference trajectories, they are during 

operating modes (wind speed lower or higher than 

the nominal speed, where Vnom =11.5m/s), where 

Symbolized by blue color in the curve for output of  

fictive variable for wind turbine & Symbolized by 

yellow color in the curve reference trajectories and 

both are on the same curve and same speed. 



 
 

 

 
Fig.15: Active power of electric & mechanic of 

generator. 

 
Fig.15 this curve between active power wind turbine 

& active power generator, where wind turbine is 

controlled to extract the maximum energy when the 

rotation speed of the generator is low than, it is 

nominal value Vnom=11.5 m/s, where Symbolized 

by blue color in the curve active power generator & 

Symbolized by yellow color active power wind 
turbine and both are individually as described. 

 

 
Fig.16: Pitch angle of generator 

 

Fig.16 this curve show the pitch angle increases to 

limit the power produced by the generator to its 

nominal value, Therefore the produced power stays at 

5MW. as shown in curved yellow color and top of the 

curve when the generator produced power 5MW with 
higher speed . 

 

 
Fig.17: The d-q axis currents of generator. 

 

Fig.17 this curve shows wave waveforms of state 

variables (Iq , Id ) axis generator ,where (Id) direct 

current component of generator equal zero,( Iq) 
quadrature current  component of generator variable 

with speed. where Symbolized by blue color in the 

curve (Id) direct current & Symbolized by yellow 

color in the curve (Iq) quadrature current  component 

of generator. 
 

 
Fig.18: DC bus voltage control 

 

Fig.18 this curve shows DC link voltage reference, 

where it is reference value fixed at 4700v, . It can be 

seen that the DC-bus voltage follows well its 

reference and it is not affected by the variations of 

the generator’s speed.  

 



 
 

 
                    Fig.19: Reactive Power of grid. 

 
Fig.19 this curve shows the reactive power of grid 

evaluation waveform which is absorbed by the 

system or delivered to the grid. It can be seen that 

reactive power follows favorably it is references as 

shown in curved yellow. 

 

 
 

Fig 20: grid currents of three phase 

 

Fig 20 this waves about three phases current 
delivered to the grid presented and all waves are 

equal because the system stable as shown in curved 

each one by color and both equal. 

 

 

METHOD FOR COMPARISON 

The comparative study between proposed and 

existing method is nonlinear control method based on 

differential flatness is applied to a high-power wind 

energy conversion system connected to the grid is 

proposed. In a variable speed wind-energy system 

developing of a flatness-based control method for a 

PMSG used connected to the grid via a back-to-back 

converter. A classical control method is used to 

regulate the DC-bus voltage, to control the reactive 

power and to synchronize the output voltage of the 

inverter with the grid’s, Here are using the fuzzy 

controller compared with Flatness based Controller. 
The fuzzy controller is the most suitable for the 

human decision-making mechanism. In addition, 

using the fuzzy controller for a nonlinear system 

allows for a reduction of uncertain effects in the 

system control and improves the efficiency. 

Conclude that the DC link voltages are more constant 

on the fuzzy control system and grid currents for 

three phases are constant active and reactive power 

rms values are also much better shape so that the 

reactive power compensation is not very big 

issue in the fuzzy based control system. 

 
1. Discution The Result & Comparisons  Between 

Fuzzy Logic Controller & Flatness Based PI 

Controller & PID Controller 

 
Fig 21 Wind Speed & turbine speed for Flatness-

Based PI Controller 

 

Fig 22 wind s peed & turbine speed for PID 

controller 



 
 

 Fig 23 wind speed & turbine speed for fuzzy logic 

controller 

Fig (21,22,23) theses curves about Wind Speed 

profile Flatness-Based PI Controller, PID controller 

& fuzzy logic controller. The curve fuzzy logic has a 

small distortion at turbine speed and clear.  

 

 

Fig 24 Flat output variable components the 

mechanical speed & the magnetic flux For Flatness-

Based PI Controller 

    

Fig 25 Flat output variable components the 

mechanical speed & the magnetic flux. PID 

Controller 

 

Fig 26 Flat output variable components the 

mechanical speed & the magnetic flux.  Fuzzy logic 

Controller 

Fig (24, 25, 26) these curves show flat out variable 

components of the mechanical speed & the magnetic 

flux for Flatness-Based Controller, PID Controller & 

Fuzzy logic Controller. The result Fuzzy logic 

Controller more efficiency and loss lesses .  

 

Fig 27 Flat output of fictive variables & reference 

trajectories For Flatness-based PI Controller 

 

 Fig 28 Flat output of  fictive variables & reference 
trajectories For PID Controller 



 
 

 Fig 29 Flat output of fictive variables & reference 

trajectories For Fuzzy Logic Controller  

Fig (27,28,29) these curves show output variable for 

wind turbine and reference trajectories for Flatness-

based PI Controller ,PID Controller & Fuzzy 
Controller; the result fuzzy control are wave’s clear 

better than other  controller because it has not 

distortion and clear curve. 

Fig 30 Active Power For Flatness-based PI Controller 

  
Fig 31 Active Power For PID Controller 

Fig 32 Active Power For Fuzzy Logic Controller 

Fig (30,31,32) these curves between active power 

wind turbine & active power generator for Flatness-

based PI Controller, PID Controller and Fuzzy 

Controller. the the result fuzzy control without 

oscillate and more efficiency . 

Figu 33 Pitch Angle For Flatness-based PI Controller 

  
Fig 34 Pitch Angle For PID Controller 

 Fig 35 Pitch Angle For Fuzzy Logic Controller 

Fig (33, 34, 35) these curves show the pitch angle of 

generator for Flatness-based Controller& Fuzzy 

Controller, the pitch angle increases to limit the 
power produced when the produced power stays at 

5MW, 

The result Fuzzy Logic is best wave and it has not 

losses and distortion. 

 



 
 

Fig 36 PMSG dq axis measured currents for Flatness-

based PI Controller 

 
Fig 37 PMSG dq axis measured currents for PID 

Controller 

 Fig 38 PMSG dq axis measured currents for fuzzy 

logic controller 

Fig (36, 37, 38) these curves show state variables (Iq 

, Id ) axis of generator for Flatness-based PI 

Controller, PID controller  & fuzzy controller , where 

(Id) direct current axis component of generator equal 

zero, Iq  quadrature current component of generator 
variable with speed, the result fuzzy controller is  

Less losses at wave and current is satisfied because if 

wind energy fluctuated but the grid currently less 

losses the in the fuzzy .           

Fig 39 Dc-Link Voltage for Flatness-Based PI 

Controller 

      
Fig 40 Dc-Link Voltage for PID Controller 

 Fig 41 Dc-Link Voltage For Fuzzy Logic Controller 

Fig (39,40,41) these curves show DC link voltage 

reference for Flatness-Based Controller, PID 

Controller  & Fuzzy Controller , where reference 

value fixed at 4700v, the DC-bus voltage follows 

well its reference and it is not affected by the 

variations of the generator’s speed. the result Fuzzy 

Logic Controller is clear and without distortion , DC 

link voltages are more constant in the fuzzy control 

system . 

Fig 42 Reactive Power For Flatness-Based PI 

Controller 

 Fig 43 Reactive Power For PID Controller 



 
 

Fig 44 Reactive Power For Fuzzy Logic Controller 

Fig (42,43,44) these curves show the reactive power 

of grid Flatness-Based Controller,PID  Controller & 

Fuzzy Controller, that reactive power follows 
favorably its references; the result Fuzzy Controller is 

stable  and reactive power RMS values are also much 

better. 

Fig 45 Grid Currents For Flatness-Based PI 

Controller 

      

         
Fig 46 Grid Currents For PID Controller  

 

Fig 47 Grid Currents for Fuzzy Logic Controller 

Fig (45,46,47) these curves show three phases current 

delivered to the grid for Flatness-Based 

Controller,PID Controller & Fuzzy Controller ,where 
waves three phases current for Flatness-Based 

Controller are oscillating and Fuzzy Logic Controller 

are waves three phases current stable. the result 
Fuzzy Logic Controller is more efficient and less 

losses at the grid. 

 

 

 

2. Show Curve & Scheme of  Total Hamonic 

Distrotion 

 Fig 48 Show THD for all waves of Flatness-Based 

Controller 



 
 

 Fig 49 Show THD for all waves of PID Controller 

 

Fig 50 Show THD for all waves’ fuzzy logic 

Controller 

It is observed that values of Total Harmonic 

Distortion (THD) for Flatness Fuzzy Logic 

Controller is less value, and this shows it has a small 
distortion and more efficiency, and   system is stable, 

less losses at the grid, the current is satisfied. 

Tabl 2 Comparison between Flatness-Based PI 

Controller, PID Controller & Fuzzy Logic 

Controller Each Part of Proposed System 

 

Parts of proposed system        PI 

Controller 

     THD 

    PID 

Controller 

    THD 

Fuzzy logic Controller 

        THD 

1-The curves wind speed & 

turbine speed 

        2.45 % 1.77 % 0.86 % 

2-  The curves Flat output 

variable components the 

mechanical speed & the 

magnetic flux 

2.45 % 1.77 % 0.86 % 

3- The curves Flat output of 

fictive variables & reference 

trajectories 

2.45 % 1.77 % 0.86 % 

4- The curve Active Power 2.45 % 1.77 % 0.86 % 

5- The curve Pitch angle 2.45 % 1.77 % 0.86 % 

6- The curves The d-q axis 

currents 

2.45 % 1.77 % 0.86 % 

7- The curve Dc-Link 

Voltage 

2.45 % 1.77 % 0.86 % 

8- The curve Reactive Power 

of grid. 

2.45 % 1.77 % 0.86 % 

9- The curves Grid Currents 2.45 % 1.77 % 0.86 % 

 
 

CONCLUSION 

 

A new nonlinear control method based on differential 

flatness is applied to a high-power wind 

energy conversion system connected to the grid is 

proposed. In a variable speed wind-energy system 

developed of a flatness-based control method for a 

PMSG used connected to the grid via a back-to-back 

converter. A classical control method is used to 

regulate the DC-bus voltage, to control the reactive 

power and to synchronize the output voltage of the 

inverter with the grid’s one. Here are using the fuzzy 
controller compared to other controllers. The fuzzy 

controller is the most suitable for the human 

decision-making mechanism. In addition, using the 

fuzzy controller for a nonlinear system allows for a 

reduction of uncertain effects in the system control 

and improve the efficiency. It is Conclude that the 

fuzzy control system active and reactive power RMS 

values are also much better shape so that the reactive 

power compensation is not very big issue. When 

using the fuzzy controller harmonic distortion in 

wind speed &turbine speed is 0.86 as compared to 
PID controller value it is 1.77, also the active power, 

pitch angle, DC link voltage & reactive power are 

batter in fuzzy logic controller as compared to PID 

Controller. 

. The proposed control strategy is simulated in 

MATLAB/Simulink. 
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