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Abstract

This paper presents an efficient stator power control algorithm for a grid-connection wind turbine system based on a doubly fed 

induction generator (DFIG) operating under variable wind speed conditions. The proposed approach focuses on controlling the stator 

power of the DFIG under varying operating conditions. In order to extract maximize wind power extraction, the stator-side power 

factor is maintained at unity through maximum power point tracking (MPPT). An advanced fuzzy-type controller, known as Type-2 

Fuzzy logic control (T2-FLC), is proposed to regulate the rotor's direct and quadrature currents. Simulation results obtained in the 

MATLAB/Simulink environment demonstrate that the T2-FLC controller offers robust performance, superior dynamic response, and 

enhanced operational efficiency for the wind energy and drive applications in steady-states conditions.
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1 Introduction
The wind energy (WE) is one of the most promising tech-
nologies in the renewable energy sector  [1, 2]. The  rapid 
development of wind energy is largely attributed to its 
adaptability across diverse geographical areas and its 
relatively competitive costs compared to other energy 
sources [3]. As illustrated in Fig. 1, global energy invest-
ments from 2019 to 2023 reflect a clear shift toward renew-
ables, which surpassed 600 billion USD in 2023, making 
it the most funded energy sector. By contrast, investments 
in fossil fuels remained below 200 billion USD annually, 
while grids and storage systems saw steady growth, reach-
ing approximately 300 billion USD by 2023. Nuclear energy 
investments, though the lowest, showed slight but consis-
tent growth, remaining under 100 billion USD throughout 
the period. This data underscores a global trend prioritiz-
ing renewable energy and the modernization of energy sys-
tems, marking a decisive shift away from fossil fuels. 

Among renewable energy technologies, wind turbines 
equipped with doubly fed induction generators  (DFIG) 
have gained significant attention due to their variable-speed 

capabilities  [4–6]. Many installed wind turbines today 
rely on doubly fed induction machines (DFIM), but earlier 
designs often avoided converters by directly connecting the 
machines to the grid. This direct connection, while simpler, 
constrained operational speeds and reduced efficiency at 
high wind speeds. In  contrast, DFIG-based wind turbines 
enhance system dynamics by enabling variable-speed oper-
ation. A DFIG comprises a wound rotor induction gener-
ator  (WRIG) with stator windings directly connected to a 
three-phase power grid, while the rotor windings are inter-
faced with a bidirectional back-to-back IGBT frequency 
converter [7]. The Fig. 2 presents a schematic diagram of a 
variable-speed wind turbine system with a DFIG.

The power vector control (PVC) is one of the most appli-
cations of DFIG based on the proportional-integral  (PI) 
controller  [8]. Control strategies of DFIG have been dis-
cussed in literatures; direct power control (DPC)  [9], 
model predictive direct power control (MPDPC) [10, 11], 
sliding mode direct power control [12], second-order slid-
ing mode control [13] and backstepping control [14]. 
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In [1] the authors have proposed a robust control strategy 
based on an integral backstepping controller (INT-BCS-
Control) leveraging the Lyapunov function to enhance the 
performance of doubly fed induction generator (DFIG) 
wind turbines operating in Sup/Super Synchronous mode.

The primary aim is to achieve the decoupling of 
active and reactive power while ensuring high robust-
ness, thus turbines within grid-connected systems. In [5] 
the authors address the limitations of improving the per-
formance and reliability of DFIG wind conventional 
PI controllers in handling variations in DFIG parame-
ters and wind speed by applying sliding mode theory. 
Two robust nonlinear control techniques, Conventional 
Sliding Mode Control (C-SMC) and Third Order Sliding 
Mode Control  (3O-SMC), were implemented to regulate 
stator active and reactive powers. However, both exhib-
ited chattering due to discontinuous signals. To mitigate 
this, the authors introduced an advanced Variable Gain 

Super Twisting Algorithm  (VGSTA). In  [15] the authors 
have proposed tow topologies based in Type-1 fuzzy logic 
controller (T1-FLC) and Type-2 fuzzy logic controller 
(T2-FLC) to achieve high performance sensorless drive in 
both transient and steady state conditions.

In [16], stator active and reactive powers are controlled 
via PI regulation loops to control (Ps, Qs) and (Ird, Irq) respec-
tively, due to the performance limitations of the classical 
control which depends on accurate knowledge of machine 
parameters such as stator and rotor resistances and induc-
tances which may degrade according to physical condi-
tions, some drawbacks appears such as; remarkable over-
shoot, high value of THD stator current, important power 
error, remarkable response time and bad tracking power ref-
erence in case of sudden variation of wind speed. In [17], 
the authors introduced a control strategy that modifies the 
Super-Twisting Control approach by incorporating adaptive 
gains, specifically applied to a grid-connected wind power 
system using a DFIG. This method was compared with the 
traditional super-twisting control, and the results showed 
that the proposed technique reduces the control effort and 
simplifies the sliding mode formulation, even in the pres-
ence of disturbances like parameter variations and fluctuat-
ing wind speeds. In [18], the authors investigated adaptive 
second-order sliding mode control techniques aimed at max-
imizing the wind energy extraction in a WECS. Their mod-
elling and simulation results demonstrated the robustness 
and relative simplicity of the control method.

The main contribution of this paper is the devel-
opment and validation of a robust adaptive T2-FLC 

Fig. 1 Global energy investment by sector (2019–2023)

Fig. 2 Control scheme based on DFIG power control
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algorithm, aimed at optimizing the performance of a DFIG-
based  WECS. This advanced control strategy is metic-
ulously designed to ensure efficient and stable operation 
under varying and unpredictable wind conditions. A key 
aspect of this research is the integration of a MPPT strat-
egy, which plays a pivotal role in maximizing the energy 
harnessed from the wind turbine. The  proposed MPPT 
algorithm dynamically adjusts the operating conditions, 
enabling the system to respond effectively to sudden and 
erratic changes in wind speed. This dynamic adaptation 
not only enhances energy capture but also improves the 
overall reliability and efficiency of the WECS. To ensure 
seamless integration with the power grid, the control algo-
rithm incorporates a mechanism to maintain a unity power 
factor at the stator terminals. By  regulating the stator 
reactive power to zero, the system effectively eliminates 
any reactive power exchange with the grid. As  a result, 
the DFIG-based WECS exclusively transfers active power 
from the stator to the grid, thereby improving energy effi-
ciency and ensuring better grid compatibility.

This paper is organized as follows: Firstly, the modeling of 
the turbine is presented in Section 2. In Section 3, the math-
ematical model of the DFIG is provided. Section 4 focuses 
on the active and reactive power control of the DFIG, which 
is based on the orientation of the stator flux vector along the 
d-axis. Additionally, the modeling of the proposed Type-2 
Fuzzy Logic approach is established to control the rotor 
currents using a two-level inverter (AC-DC). In Section 5, 
the simulation results are presented and discussed. Finally, 
the conclusions of the reported work are provided.

2 Mathematical model of WT
The input power of the WT is given by [4, 19].

P S vv w� � � �
1

2

3� ,	 (1)

where ρ is the air density; Sw is the WT blade swept area; 
v is the wind speed.

The mechanical power output of a WT is given by:

P C P C S vm p v p w� � � � � � �
1

2

3� ,	 (2)

where: The power coefficient (Cp) represents the WT's 
power conversion efficiency. Cp is a non-linear function 
of the Tip Speed Ratio (TSR or λ) and the blade angle (B°)

TSR is given by:
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where: R is the blade radius, and Ωt is the angular speed 
of the turbine.

The expression for Cp (λ, β) can be described as [3, 16]:
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The MPPT strategy without wind speed control is illus-
trated in Fig.  3. In this case, the Ps

* (stator power refer-
ence) is calculated by multiplying the MPPT's output (the 
mechanical speed Ωmec) by the electromagnetic torque Tem

* , 
which results in P Ts mec em

* *
.� ��

By using MATLAB/Simulink® to show the three-di-
mensional (3D) characteristic of Cp versus TSR and pitch 
angles (B°), as shown in Fig. 4, the main aim of the MPPT 
strategy is to adapt the turbine speed to the wind speed in 
order to maximize the converted power. This will improve 
its energy efficiency and integration with the grid.

3 Mathematical model of DFIG
The selected generator for the conversion of wind energy 
is a DFIG. The modeling of the DFIG is derived from the 

Fig. 3 MPPT strategy without wind speed control

Fig. 4 3D Power coefficient vs. TSR and Pitch angle degree



218|Amrane and Itouchene
Period. Polytech. Elec. Eng. Comp. Sci., 69(3), pp. 215–225, 2025

induction machine model using Park the two-phase refer-
ence frame. The overall electrical state transformation is 
represented by the following equations [4, 20–24]:

V R i d
dtsd s sd sd s sq� � � � �� �� 	 (5)

V R i d
dtsq s sq sq s sd� � � �� � �� 	 (6)

V R i d
dtrd r rd rd s rq� � � � �� � �( )� � 	 (7)

V R i d
dtrq r rq rq s rd� � � � �� � �( )� � 	 (8)

�sd s sd m rdL i L i� �� � 	 (9)

�sq s sq m rqL i L i� �� � 	 (10)

�rd r rd m sdL i L i� �� � 	 (11)

�rq r rq m sqL i L i� �� � 	 (12)

The electromagnetic torque is given by:

C P L I I I Ie m rd sq rq sd� � �� �� � � 	 (13)

And its associated motion equations are:

T T J d
dt

fe r� � � � �� � 	 (14)

J
J
G

Jg� �turbine

2
,	 (15)

where: Φsd, Φsq are stator flux components, Φrd, Φrq are 
rotor flux components, Vsd, Vsq are stator voltage compo-
nents, Vrd, Vrq are rotor voltage components. Rs, Rr are sta-
tor and rotor resistances, Ls, Lr are stator and rotor induc-
tances, Lm is mutual inductance, σ is leakage factor, P is 
number of pole pairs, f is the friction coefficient, Tr is the 
load torque, J is total inertia in DFIG's rotor, Ω is mechan-
ical speed, g is the slip, and G is gain of gearbox.

4 Vector power control (VPC) based on T2-FLC
In this section, the DFIG model is described by the follow-
ing state equations in the synchronous reference frame, 
where the d-axis is aligned with the stator flux vector 
(Φsd = Φs) and (Φsq = 0), as shown in Fig. 5 [19–23].

By neglecting resistances of the stator phases, the stator 
voltage can be written as:

V and V Vsq sq s s s� � � �0 � � 	 (16)

We lead to an uncoupled power control, where the 
transversal component irq of the rotor current controls 
the active power. The reactive power is determined by the 
direct component ird. The simplified mathematical model 
of the DFIG is illustrated in Fig. 6.
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The arrangement of the equations provides the expres-
sions for the voltages in terms of the rotor currents:
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Fig. 5 Stator and rotor flux vectors in the synchronous d-q frame

Fig. 6 The simplified mathematical model of the DFIG
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The voltage vectors produced by a three-phase PWM 
inverter divide the space vector plane into 6 sectors, as shown 
in Fig. 7 [4, 21]. In each sector, every voltage vector is syn-
thesized by the basic space voltage vector of the 2 sides of the 
sector and one zero vector. For example, in the first sector, Vαβ 
is a synthesized voltage space vector and can be written as:
� ��� ���
V T

T
V T

T
V

S S
�� � � � �1

1

2

2 	 (24)

4.1 Design of T2-FLC
Fuzzy inference is a method that interprets the values in 
the input vector and, based on user-defined rules, assigns 
values to the output vector. Using the GUI editors and 
viewers in the Fuzzy Logic Toolbox (Fig. 8(a)), the user 
can build the rule set (Fig. 8(b)), define the membership 
functions (Fig. 8(c)), and analyze the behavior of the fuzzy 
inference system (FIS)  (Fig.  8(d)). The  T2-FLC used in 
this work has two inputs and one output. The membership 
functions are defined in Figs. 9(a) and 9(b), in this work 
the T2-FLC has two (02) inputs and 01 input. 

Each rule has the form: if "Input-1" is "Fuzzy-Set" and 
"Input-2" is "Fuzzy-Set" then "Output" is "Fuzzy-Set". 
Knowing that: N: negative, P: positive, B: big, M: medium, 
S: small, and 2: type-2. G1, G2 and G3 are the gains of 
T2-FLC controller.

The fuzzy rule base consists of a collection of linguistic 
rules of the form [22]:

Rule 1: if S1,2 is NB2, and S1,2 is NB2 then dU1,2 is NB2
Rule 2: if S1,2 is NM2, and S1,2 is NB2 then dU1,2 is NB2
Rule 3: if S1,2 is NS2, and S1,2 is NG2 then dU1,2 is NS2

.

.
Rule 49: if S1,2 is PB2, and S1,2 is PB2 then dU1,2 is PB2.
These inferences can be explained in more detail, as 

shown in Table. 1 [22]. The equivalent Simulink model of 
the proposed T2-FLC for adjusting rotor currents is pre-
sented in Fig. 9. The proposed T2FLC for a DFIG rotor 
currents control is shown in Fig. 10.

5 Simulation results and discussion
The DFIG used in this work is a 4kW machine, with its nom-
inal parameters listed in Table A1, while the wind turbine 
is a 4.5 kW unit, with its parameters provided in Table A2.

The proposed system is validated under the MPPT 
strategy by maintaining the stator reactive power at 0 Var 
to ensure unity power factor (PF  =  1). Additionally, the 
SVM approach is employed to ensure a fixed switching 
frequency for the inverter's IGBTs

This section explains the operating modes of a DFIG 
using the variation in sinusoidal rotor currents. Fig.  11 
demonstrates the rotor's measured current behav-
ior as the speed fluctuates around 1500  rpm (synchro-
nous  region). Both transitions from sub-synchronous to 
super-synchronous modes and vice versa are analyzed. 
The rotor currents mirror the random wind speed pat-
tern because they are controlled based on the slip angle  
(θslip  =  ∫0

t(ωslip  = ωs  − ωr)  dt  +  θs0 where ωs  =  2π∙f, and 
ωr = P∙Ωmec). The slip angle is directly influenced by the 
DFIG rotor speed, which correlates to the wind speed 
derived from the MPPT strategy. Note that the rotor cur-
rents (Irabc) are scaled by a factor of 80 (→Irabc∙80). The direc-
tion of rotor power flow depends on the operating mode: 
during the transition from sub-synchronous to super-syn-
chronous, the rotor draws power from the grid, whereas in 
the reverse transition, the rotor supplies power to the grid 
through the back-to-back converter. Table  2 summarizes 
the DFIG speed values under these operating conditions.

Fig. 12(a) presents the stator active and reactive powers, 
along with their reference profiles, using proposed control 
for a 0° pitch angle (β° = 0°). It can be seen that the mea-
sured powers (Ps and Qs) follow theirs references exactly, 
despite the sudden variation of wind speed during steady 
states. Fig. 12(b) illustrates the behavior of Ps in case of dif-
ferent values of pitch angle (B° = 0°, 1°, 1.5°, 2° and 2.05°).

It is clear that the maximum wind power is reached at 
B = 0° (black color). In the same context, there is an inverse 
proportionality between the value of angle pitch B° and the 
extracted power. Fig.  12(c) shows the behavior of Qs for Fig. 7 Diagram of voltage space vectors in α-β plan



220|Amrane and Itouchene
Period. Polytech. Elec. Eng. Comp. Sci., 69(3), pp. 215–225, 2025

different pitch angle (B° = 0°, 1°, 1.5°, 2° and 2.05°). It is clear 
that for different pitch angles, Qs remains at the zero level, 
with a small power error (ΔPs ΔQs ≈± 150 W Var) between 
0.75 s and 0.9 s. This is because in this period, Ps reaches 
its maximum value at β° = 0°, meaning that the maximum 
power is extracted, and the power factor remains at unity 
(PF = 1), despite the sudden variation in wind speed.

In this proposed system, we used a random wind speed, 
as shown in Fig. 12(d), with a maximum value reaching 
15.5 m/s at 0.8 s. It is obvious that the generator speed fol-
lows the same waveform as the wind speed. It is important to 
describe the generator speed (as shown in Fig. 12(e)) taking 
in into consideration the synchronous speed  (1500  rpm). 
The two, zone "1" and "2", as shown in Fig. 12(e), repre-
sent the Sub- and Super-synchronous mode, respectively. 

That means that the Sub-synchronous mode operates at 
speeds below 1500  rpm (where the rotor absorbs power: 
max  +30%.Ps) while the Super-synchronous mode oper-
ates at speeds above 1500  rpm (where the rotor delivers 
the power to grid: max  −30%.Ps). Fig.  12(f) illustrates 
the behavior of the power coefficient Cp during the sud-
den variation in wind speed, maintaining the maximum 
power (Cp = 0.4785). The behavior of slip during the Sub-
synchronous and Super-synchronous operating modes is 
represented in Fig. 12(g). The slip is depends on the syn-
chronous speed ns (g = ns−(n/ns)), where, ns = 1500 rpm 
and, n being the rotor shaft speed, which is dependent on 
wind speed. The rotor currents are illustrated in Fig. 12(h). 
It can be seen the behavior of the three phase's rotor cur-
rents varies during the slip variation.

Fig. 8 (a) Membership function editor of the T2-FL toolbox; (b) rule editor of the T2-FL toolbox; (c) 2Inputs, 1-Output Membership function editor of 
the T-2FL Toolbox; (d) surface viewer of the T2-FL toolbox
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The existence of overshoot, the THD of stator and 
rotor currents, and the values of active and reactive power 
errors are mentioned in Table 3. Table 4 presents a com-
parative analysis between the proposed control method 

and other recently published control technologies, high-
lighting the advantages and limitations of the proposed 
method [5, 7, 19, 25–31].

6 Work limitation
The work presented in this paper demonstrates the effec-
tiveness of a T2-FLC for controlling a WECS based on a 
Doubly Fed Induction Generator. However, several lim-
itations should be noted. First, the study assumes ideal 
conditions, such as perfect MPPT and unity power factor, 
which may not always hold true in real-world scenarios. 
The impact of disturbances like grid faults or unexpected 
variations in wind speed has not been fully explored. 

Fig. 10 The Simulink model of T2-FLC for rotor currents

Table 1 Type-2 fuzzy inference table

Input dU1,2

dS1,2

NB2 NM2 NS2 EZ2 PS2 PM2 PB2

S1,2

NB2 NB2 NB2 NB2 NM2 NS2 NS2 EZ2

NM2 NB2 NM2 NM2 NM2 NS2 EZ2 PS2

NS2 NB2 NM2 NS2 NS2 EZ2 PS2 PM2

EZ2 NB2 NM2 NS2 EZ2 PS2 PM2 PM2

PS2 NM2 NS2 EZ2 PS2 PS2 PM2 PB2

PM2 NS2 EZ2 PS2 PM2 PM2 PM2 PB2

PB2 EZ2 PS2 PS2 PM2 PB2 PB2 PB2

(a)

(b)

Fig. 9 T2-FLC Membership functions, (a) two inputs, and (b) one input
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Additionally, while the T2-FLC provides excellent per-
formance in the simulations, the system's robustness to 
real-time factors, such as thermal effects, electromagnetic 
interference, and practical control delays, has not been 
tested. The work also relies on a simplified wind speed 
profile, which may not fully capture the complexities of 
actual wind conditions, such as turbulence and gusts. 
Moreover, the scalability of the system to higher power 
ratings is not discussed which limits the applicability to 
large commercial wind turbines. 

The simulation results, while promising, lack real-
world experimental validation, which could offer a better 
understanding of the controller's practical performance. 
Furthermore, the study does not explore the potential ben-
efits of comparing the T2-FLC with other advanced control 
strategies like Model Predictive Control (MPC) or Adaptive 
Neural Network Controllers, which could offer insights 
into the relative advantages of the proposed approach.

Fig. 12 (a) Stator active and reactive powers; (b) Ps under different B° pitch angles; (c) Qs under different pitch angles B°; (d) wind speed; 
(e) the generator speed; (f) power coefficient; (g) the slip; (h) the rotor currents

Fig. 11 Simulations results of DFIG operation modes: (a) sub-
synchronous, (b) super-synchronous

Table 2 DFIG operation modes parameters

Cases: DFIG operation mode

Case 01 From Sub to Super-synchronous speed: → 1315 to 1730 rpm

Case 02 From Super to Sub-synchronous speed: → 1756 to 1320 rpm

Table 3 Wind system performances

Criteria Proposed control based on T2FLC

Overshoot Neglected

Stator Current's THD 0.60%.

Rotor Current's THD 01.47%.

Power's error +/− 150 (W_Var).
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7 Conclusion
In this paper, an adaptive T2-FLC for a wind energy con-
version system based on a DFIG is presented. The T2-FLC 
is used to control the rotor d-q axis currents of the sta-
tor’s active and reactive power in the rotor side converter. 
An SVM strategy is used to ensure a fixed switching 
frequency of the converters, and the MPPT approach is 
applied to ensure a unity power factor on the stator side. 
The performance of the T2-FLC has been investigated in 
both operating modes: Sub- and Super-synchronous. The 
simulation results obtained using MATLAB/Simulink® 
show high efficiency, low error, short response time, and 
dynamic power generation.

To further advance this research, the adaptive T2-FLC 
presented in this work offers significant potential for 
enhancing wind energy conversion systems. Future 
studies could focus on integrating this control strategy 
into advanced energy management systems for hybrid 
renewable sources, ensuring optimal energy distribu-
tion and improved grid stability. Experimental vali-
dation, including tests under fluctuating wind profiles 
and grid disturbances, is crucial to confirm the practi-
cal applicability of the proposed method. Moreover, it is 
recommended to integrate a Shunt Active Power Filter 
(SAPF) to enhance the quality of power injected into 
the load or micro-grid in future studies. Furthermore, 
extending the T2-FLC framework with robust control 
techniques, such as predictive control or higher-order 
sliding mode control, could enhance stability and resil-
ience against uncertainties. Comparative studies with 
other intelligent control methods, such as fuzzy neural 

networks and reinforcement learning, would help identify 
the most effective approaches for specific applications. 
Additionally, evaluating performance under varying grid 
conditions and integrating energy storage systems could 
improve reliability and grid support capabilities. Scaling 
the T2-FLC methodology to other renewable energy sys-
tems, such as solar PV, or applying it in multi-agent sys-
tems for coordinated wind farm control, presents promis-
ing opportunities for innovation.

Nomenclature
WECS		  Wind Energy Conversion System
WT		  Wind Turbine
DFIG		  Doubly-Fed Induction Generator
DFIM		  Doubly-Fed Induction Motor
WRIG		  Wound Rotor Induction Generator
IGBT		  Insulated Gate Bipolar Transistor
PI		  Proportional Integral
PVC		  Power Vector Control
DPC		  Direct Power control
MPDPC		 Model Predictive Direct Power Control
INT-BCS	 Integral Backstepping Controller
C-SMC		  Conventional Sliding Mode Control
3O-SMC	 Third Order Sliding Mode Control
T1FLC		  Type-1 Fuzzy Logic Control
T2FLC		  Type-2 Fuzzy Logic Control
THD		  Total Harmonic Distortion
TSR		  Tip Speed Ratio
PWM		  Pulse Width Modulation
FIS		  Fuzzy Inference System
VGSTA		 Variable Gain Super Twisting Algorithm

Table 4 A comparison of the proposed method with recently published control technologies

Ref. Control technique THD (%) DFIG rated power Overshoot Dynamic response Robustness

[5] VGSTA-SMC 3.62 1.5 MW Neglected Fast High

[7] FOC-Hysteresis 3.5 3.5 KW Neglected Fast Medium

[19] IP-DPC 3.62 4.5 KW Neglected Excellent High

[25] ST-FOTSMC --- 2.0 MW Neglected Fast ---

[26] Fuzzy SOSMC 0.28 1.5 MW Neglected Excellent High

[27] FOSMC 1.31 7.5 KW ---- ---- Medium

[28] Fuzzy DTC 1.73 1.5 KW ---- ---- ---

[29] NDVC-FPWM 0.13 1.5 MW Neglected Fast Medium

[30] VM-DPC 1.7 2.0 MW ---- +++ ---

[31] Novel-FLC --- 10 MW Neglected Excellent High

Proposed T2-FLC 0.6 4 KW Neglected Excellent High
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Appendix

Table A1 Parameters of the DFIG

Parameters Values

Rated power 4.0 kW

Stator resistance Rs = 1.2 Ω

Rotor resistance Rr = 1.8 Ω

Stator inductance Ls = 0.1554 H.

Rotor inductance Lr = 0.1558 H.

Mutual inductance Lm = 0.15 H.

Rated voltage Vs = 220/380 V

Number of pole pairs p = 2

Rated speed N = 1440 rpm

Friction coefficient fDFIG = 0.00 N.m/sec

The moment of inertia J = 0.2 kg.m2

Table A2 Parameters of the turbine

Parameters Values

Rated power 4.5 kW

Number of blades P = 3

Blade diameter R = 3 m

Gain G = 4.15

The moment of inertia Jt = 0.00065 kg.m2

Friction coefficient ft = 0.017 N.m/sec

Air density ρ = 1.22 Kg/m3
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