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Abstract — Generally speaking, asynchronous 

generators are used more frequently in medium 

power in wind energy conversion systems WECS 

applications. Depending on the power electronics 

converter used in the specific application, the 

operation of the asynchronous machine can be 

controlled in nested speed torque loops, using 

different torque control algorithms. Because WECS 

are highly nonlinear systems, but with smooth 

nonlinearities, a possible optimal control design 

solution can be the maximum power point tracking 

MPPT in this paper. This research describes a 

comparison of the power quality for wind power 

systems based on two generators: the squirrel-

cage induction generator (SCIG), the doubly fed 

induction generator (DFIG). At first, we 

simulated SCIG and DFIG in 

MATLAB/Simulink and investigates the impact 

of this generators on the power system stability 

for compare the results and to comment on the 

best option based on the output characteristics 

of the generator and wind turbine. The technical 

objective of this research is to choose the most 

suitable generator adaptive with changing wind 

speeds and the most energy production 
 

Keywords- WECS, SCIG, DFIG, MPPT, 
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I. INTRODUCTION  
Wind energy conversion systems WECS 

constitute a mainstream power technology that is 
largely underexploited. Wind technology has made 
major progression from the prototypes of just 40 
years ago. Forth decades of technological progress 
has resulted in today’s wind turbines looking and 
being much more like power stations, in addition to 
being modular and rapid to install. From this 

viewpoint, controlled electrical generators are 
systems whose inputs are stator and rotor voltages, 
having as state variables the stator and rotor currents 
or fluxes. They are composed of an electromagnetic 
subsystem, which outputs the electromagnetic 
torque, and the electromechanical subsystem, 
through which the generator experiences a 
mechanical interaction. Figure 1 and figure 2 
illustrates the modelling principle for the SCIG and 
DFIG cases [1, 2]. This leads to many differences in 
steady-state electrical characteristics, mechanical 
curves and dynamic responses when connected to 
the grid. There are published studies related to 
DFIG speed control methodologies for electric 
power production in, these studies have proven that 
the DFIG generator has a higher efficiency and 
quality  energy production in variable wind speeds 
[3, 4], and there are also many studies for SCIG 
generators, which it's source of reactive power [5]. 
The DFIG grid connection relies upon the same 
hardware. Unlike the SCIG, the DFIG is more 
flexible, being able to operate as a generator (at 
negative torque) both in sub-synchronous (positive 
slip) and over-synchronous (negative slip) regimes, 
and can possible to achieve maximum power points 
tracking (MPPT) by these types of systems [6]. 
Comparison between DFIG and SCIG are made in 
different cases [5, 6]. The modeling and controlling 
strategies were described and compared during 
power system disturbances; this research 
investigates stability of two different wind generator 
configurations. This paper also introduced 
mathematical modeling of these wind generators. 
After simulations, all results are compared and 
analyzed.  
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Fig. 1 The MPPT-controlled SCIG-based WECS [7]. 

 
Fig. 2 DFIG-based WECS operating at variable speed by torque 

control [8]. 
 

II. MODELING 
A.  DFIG wind power system 

 

The electromagnetic torque of doubly-fed 
induction generator  is expressed in (d,q) as [9, 10, 
11]:  
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With 
P: being the pole pairs number,  
Lm: the stator-rotor mutual inductance,  
isd, isq, ird, irq: are the stator and the  rotor current 
(d,q) components. 
Combining the differential equations, we get:  
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Where 
ω: is the electrical speed,  
ωS: is the stator field frequency,  
RS, RR: stator and rotor resistances,  
LS, LR: inductances of stator and rotor;  
VSd, VRd: are the stator and rotor voltage 
components (with VRd = VRq = 0);  
ΦRd, ΦRq: components of the rotor flux. 
From the above, we get: 
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 Using the above equations, the DFIG case model 
becomes as a fourth-order model: 
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Knowing that matrix A depends on the rotational 
variable speed Ωh, the electromagnetic torque is the 
output variable (equation 1). 
 
B.   SCIG wind power system 

 

By setting VRd = VRq = 0 in equation 4, the state and 
input vectors for the squirrel-cage induction 
generator SCIG are as follows [12, 13]: 
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 The state model as follows 
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Where: Matrix A(Ωh) is the same as in equation 6, 
and: 

 
 

 

 

 

C.   Wind power modeling 

 

    The wind power generated by turbine is given by 
[14, 15]: 

)11(...
2
1 32 VRPwt 

Where  
Pwt: is wind power captured,  
ρ: air density (kg/m3),  
R: blade radius (m)  
V: wind speed (m/s).  
The resulting mechanical wind power depends on 
the power coefficient Cp through: 

)12(...
2
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D.   Drive train modeling 

From references [16, 17, 18]: 
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With 
 JT,JG: inertia constant (turbine rotor, generator 
rotor),  
Ds, Ks: damping constant and shaft stiffness,  
λTG: electrical twist angle of the shaft,  
ω0: reference angular speed,  
ωr, ωG are the shaft angular speeds at the ends of 
the turbine and generator,  
TT, TE: mechanical and electrical torque. 
 
E.   Controller Design 

The structure of PI controller used is shown in 
figure 3, and the principal time constant as follows 
[19, 20]: 
 Tpt = 1 / K2, the gain Kpt = K1 / K2. 

Fig. 3 structure  of PI controller. 
 

The controller parameters gives as: 
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Where: 
ωn: natural frequency. 
 ξ : damping factor. 
 

III. SIMULATION RESULTS AND DISCUSSION  
Two cases of wind turbine operation were 
conducted in this simulation: a wind turbine with 
SCIG (blue curves), a wind turbine with DFIG (red 
curves), the wind velocity is always fluctuating. To 
compare the dynamic response of each model, all 
the wind turbines identical wind with the mean 
velocity between 5.5 m/s to 8 m/s represented in 
figure 4. Figure 5 compares the rotation speed, 
figures 6 and 7 compares the active power and 
power coefficient respectively. 
Simulations were performed in MATLAB using the 
nonlinear model. PI controller is adaptive for a 
wind speed variation. The object of this control is to 
power compare of the systems of Figure 1 and 2. 

 
Fig 4. Wind sample. 

                                                  
Fig 5. Shaft speed rotation. 
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Fig 6. Wind turbine power  profile. 

 
Fig 7. power coefficient profile. 

 
With random variation of wind speed, it has been 
observed that both the rotation speed and active 
power fluctuate continuously as illustrated in figure 
5 and figure 6. According to figure 6, wind turbine 
with SCIG shows a power fluctuation later 
comparing with DFIG. 
We see in Figure 7 that the energy efficiency of the 
MADA better than SCIG. 
 
 

IV. CONCLUSIONS 

 

The present study focuses on the doubly fed 
induction generator and the squirrel-cage induction 
generator machines, which uses in single-sided grid 
connection. The numerical modeling is based on a 
Matlab simulink environment, where the power 
performances of the SCIG and DFIG are compared 
in single-sided grid connection systems. In this 
work, the concept and modeling comparisons are 
analyzed in order to apply the best proposed 
schemes to the wind energy conversion system. 
According to the results, we can conclude that: the 
active power of squirrel-cage induction generator 
reaches a maximum value later than the doubly fed 
induction generator. The rotor speed of the 
generator in the DFIG system increases with time 
although the instability of wind velocity. 

To conclude, this control structure feeding an 
induction machine by means of a voltage source 
inverter allows a very fast control of the wind 
turbine high-speed shaft. It can also easily be 
embedded into a speed or power control loop. 
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ANNEX 
Induction generator parameters are: 
Pn = 1.5 MW, V = 690 V  and  f =50 Hz, Rs = 0,0073 Ω, 
Rr = 0,006 Ω, Ls = 0,173 H, Lr = 0,158 H, Lm = 0,158 H.  
 
Subscripts 
 
ωs, ωr : Stator and rotor angular frequencies,  
Ωg : Mechanical generator speed, 
np : Pole pairs numbers,  
isd, ird : Current stator and rotor d axis,  
isq, irq : Current stator and rotor q axis,  
VSd, VRd:  Voltage stator and rotor d axis,  
VSq, VRq:  Voltage stator and rotor q axis, 
Rs, Rr: Resistance stator and rotor,  
Ls, Lr,: Leakage stator and rotor,  
Lm:  Inductances magnetic, 
Vs : Value of stator voltage,  
τg : Constant of time,  
Th : Shaft torque,  
nb : Speed multiplier,  
Dr, Dg: Rotor and generator constants damping, and  
Dls: Low-speed shaft equivalent,  
Kls : Torsional stiffness equivalent,  
Jr, Jg: Rotor and generator moments inertia,  
Tg, Tg.ref : Torque generators, 
λ:   Tip speed ratio (TSR), 
Cp :  Power coefficient, 
Ωr:  Turbine rotational speed, 
Tm: Electromagnetic torque, 
Tr   : Aerodynamic torque.  
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