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Abstract

This paper presents high performance improved direct power control (DPC) based on model reference adaptive
control (MRAC) and neuro-fuzzy control (NFC) for grid connected doubly fed induction generator (DFIG), to over-
come the drawbacks of conventional DPC which was based only on PID controllers, namely the speed/efficiency
trade-off and divergence from peak power under fast variation of wind speed. A mathematical model of DFIG
implemented in the d-q reference frame is achieved. Then, a direct power control algorithm for controlling rotor
currents of DFIG is incorporated using PID controllers, and space-vector modulation (SVM) is used to determine
a fixed switching frequency. The condition of the stator side power factor is controlled at unity level via MPPT
strategy. The MRAC which is based on DPC is investigated instead of PID regulators. Also, the performances
of NFC based on DPC are tested and compared to those achieved using MRAC controller. The results obtained
in the Matlab/Simulink environment using robustness tests show that the NFC is efficient, has superior dynamic
performance and is more robust during parameter variations.

Keywords: Model reference adaptive control (MRAC), Neuro-Fuzzy Control (NFC), Wind energy conversion
system (WECS), Doubly fed induction generator (DFIG), Direct power control (DPC), Space vector modulation
(SVM), Maximum power point tracking (MPPT).

1. Introduction

Doubly-fed induction generator (DFIG) based wind
energy conversion systems (WECSs) are mainly in-
stalled in remote and rural areas [1-3]. DFIG dom-
inated wind power generation due to the outstanding
advantages of the generator rating and lower converter
cost [4]. A schematic diagram of a wind turbine system
with a DFIG is shown in Fig. 1. For these reasons new
control strategies were investigated in [5-8].

In most applications, the proportional-integral (PI)
controller based Vector Control (VC) scheme is used to
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control DFIG in wind energy conversion systems [9, 10].
Although this control scheme is easy to implement, it
has some drawbacks. One of the most important draw-
backs of this control scheme is that the performance
of the VC scheme largely depends on the tuning of
the PI controller's parameters (K, and K; ). Another
drawback of this controller is that its performance also
depends on the accuracy of the machine parameters
and on grid voltage conditions such as harmonic level,
distortion, etc. [10]. In order to improve the perfor-
mance of the VC scheme, some studies have been pro-
posed [11-16]. Control strategies of DFIG have been
discussed in detail in the literature; Direct Power Con-
trol (DPC) [17, 18], Model Predictive Direct Power Con-
trol (MPDPC) [19, 20], Sliding mode Direct Power Con-
trol [21], Sliding mode control [22, 23] and Backstep-
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ping Control [24].

More recently, the DPC technique has been pro-
posed for DFIG based wind energy converion sys-
tems [5, 25-28]. In [26], the proposed technique re-
quires the knowledge of the rotor and stator parame-
ters to calculate the rotor flux at each sampling time.
Therefore, the stability and robustness of this technique
depend completely on the machine parameters. Also,
the switching frequency of the converter is affected by
power and speed variations. In [5], the control system
is based on the stator flux position and the errors of
the active and reactive powers. As the stator voltage
waveform is relatively pure sinusoidal with constant fre-
quency, the estimated stator flux accuracy is guaran-
teed. Thus, the control system is simple and the per-
formance of the control system is independent of the
machine parameters, except for stator resistance. How-
ever, the switching frequency of the converter is still af-
fected significantly by active and reactive power varia-
tions and operating speed. A novel DPC strategy for
the DFIG based wind energy generation system was
presented in [27]. In this strategy, the required rotor
voltage is directly calculated based on stator flux, rotor
position, and errors of the active and reactive powers.
To achieve constant switching frequency, a VSC and AC
harmonic filter have been designed in this study. How-
ever, only simulation studies have been reported while
the effects of sampling delay on the system have not
been investigated.

MRAC is a kind of control method that follows the re-
sponse signal at the output of reference model. It has
the advantages of simple structure and fast and stable
reconfiguration. The general idea underpinning MRAC
is to incorporate a reference model to acquire the pre-
ferred closed-loop reactions. MRAC has the ability to
control a system that undergoes parameter and/or en-
vironmental variations. It designs the mechanism law
and adjustments technique to drive the desired trajec-
tories for the system to track the reference model out-
put [29, 30]. The analysis and performance of several
model reference adaptive system (MRAS) observers for
sensorless vector control of DFIG is proposed in [31].
A model reference adaptive control (MRAC) speed es-
timator for speed sensorless direct torque and flux con-
trol of an induction motor is proposed in [32] to achieve
high performance sensorless drive.

Furthermore fuzzy-neural techniques have been pro-
posed as a robust control for electrical drives [33—35].
Neuro-fuzzy systems combine the advantages of neu-
ral networks and fuzzy logic systems. The main pur-

pose of using the ANFIS (Adaptive Neuro-Fuzzy Infer-
ence Systems) approach is to automatically deliver the
fuzzy system by using neural network methods [36, 37].
The ANFIS architecture has well known advantages of
modeling a highly non-linear system, as it combines
the capability of fuzzy reasoning in handling the un-
certainties and capability of an artificial neural network
(ANN) in learning from processes. A combination of
the strengths of Fuzzy Logic controllers and Neural Net-
works creates systems capable of controlling complex
systems and adaptively learning to optimize control pa-
rameters [36, 37]. These advantages justify the neces-
sity of applying this kind of system for the DFIG used in
wind energy conversion systems.

In this paper the main contribution is the validation of
the proposed DPC based on robust controllers MRAC
and NFC with/without MPPT strategy instead of con-
ventional DPC which is based only on PID controllers,
by using robustness tests, in terms of: reference track-
ing, overshoot, active and reactive power error and
THD of stator current injected to the grid. To extract
the maximum power despite sudden variations in wind
speed, we used the maximum power point tracking
(MPPT) strategy, stator active power is extracted from
wind power and stator reactive power is maintained at
zero level to ensure unity power.

This paper is organized as follows; the model of the
turbine is presented in section 2. In section 3, the math-
ematical model of DFIG is given. Section 4 presents
Direct Power Control of DFIG which is based on the ori-
entation of the stator flux vector along the d axis. Model
Reference Adaptive Control (MRAC) and Neuro-Fuzzy
Control (NFC) are established to control the rotor cur-
rents and are presented in sections 5 and 6 respec-
tively. In section 7, simulation results are given and dis-
cussed.

2. Model of the Turbine
The wind turbine input power is usually:

1
Pv=§-p‘SW-v3 (1)
where p is air density; S, is wind turbine blades swept
area in the wind; v is wind speed.

The output mechanical power of wind turbine is:

1
Pm:Cp'Pv:5',0'SW'V3 (2)

where Cp represents the wind turbine power conversion
efficiency. It is a function of the tip speed ratio A and the

— 28 —
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Figure 1: Schematic diagram of wind turbine system with a DFIG
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Figure 2: Aerodynamic power coefficient variation Cp against tip
speed ratio A and pitch angle 8

blade pitch angle 3 in a pitch-controlled wind turbine. A
is defined as the ratio of the tip speed of the turbine
blades to wind speed. A is given by:

_RQ[
Bl 4

A (3)

where R is blade radius, Q, is angular speed of the tur-
bine. C, can be described as [23, 24]:

Cp=(0.5-00167-(8-2)) - sin| ghssms] (4

~0.00184- (1-3)- (8- 2)

The maximum value of C, (C,,.. 0.4785) is
achieved for 8 = 0 degree and for dopt = 8.098. This
point corresponds at the maximum power point tracking
(MPPT) [38, 39]

After the simulation of the wind turbine using this wind
profile, we test the robustness of our MPPT algorithm
and obtain the curve of power coefficient Cp versus
time; this latter achieved the maximum value mentioned
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Figure 4: Power coefficient (Cp)

in Fig. 2 (Cpmax = 0.4785) despite the variation of the
wind [38].

3. Mathematical Model of DFIG

The generator chosen for the conversion of wind en-
ergy is a double-fed induction generator, DFIG model-
ing described in the two-phase reference (Park). The
general electrical state model of the induction machine
obtained using Park transformation is given by the fol-
lowing equations, [40—42]:

Stator and rotor voltages:

d
Vsa = Rs * Isa +E Pq — ws * ¢sq (5)
d
Vsqg = Rs * I5q +E ¢sq twsxdgy (6)
d
Via = Ry * Ira +E brg —(W5 —w) * ¢rq (7)
d
qu =R, * Irq +E ¢rq —(ws —w) * ¢rd (8)

Stator and rotor fluxes:

¢sd =Ls*Isg+ Lin*Ira (9)

¢sq = Ls*Isq+ L * Ira (10)

—29
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®ra = Ly *Ira + Lin * Isa (11)
¢rq =Lr*lyg+ Ln*Isa (12)
The electromagnetic torque is given by:

Ce = P Ly #(Iyq * Isg — Irg * Isa) (13)

And its associated motion equation is:

d

Ce—Cr=1Jx—Q+f+Q (14)
Jrurbi

J= ”2’;2’”8 +Jg (15)

where: Cris the load torque J is total inertia in DFIG’s
rotor, Q is mechanical speed and G is gain of the gear
box.

The voltage vectors, produced by a three-phase
PWM inverter, divide the space vector plane into six
sectors, as shown in Fig. 5 [39].

In every sector (Fig. 6), each voltage vector is synthe-
sized by the basic space voltage vector of the 2 sides
of the sector and 1 zero vector. For example, in the first
sector, V, g is a synthesized voltage space vector and
is expressed by:

1 1

— — —
Vaﬁ = Vi + %) (16)

|
|

4. Direct Power Control of DFIG

In this section, the DFIG model can be described by
the following state equations in the synchronous refer-
ence frame whose d axis is aligned with the stator flux
vector as shown in Fig. 7, ¢, = ¢, and ¢, [29].

By neglecting resistances of the stator phases, the
stator voltage will be expressed by:

Sectors.

|
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Figure 6: Sectors of space vector modulation (SVM) approach
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Figure 7: Stator and rotor flux vectors in the synchronous d-q Frame

Vsa =0 and Vg = Vs = ws - ¢s and (17)

We lead to an uncoupled power control where the
transversal component i,, of the rotor current controls
the active power. The reactive power is imposed by the
direct component i,; as shown in Fig. 8:

L
Ps:—Vs*—m*Irq (18)
Ls
0 Vs yeul™,pa (19)
s = — VS* — *% [T
Wy Ls Ls

\ 4
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G5 (Le- (Ln"2/Ls))
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1
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Lm*Vs

ird Ls

Figure 8: The Doubly Fed Induction Generator simplified model
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The arrangement of the equations gives the expres-
sions of the voltages according to the rotor currents:

Vrd = Rr+ Ird + (Lr — )*d”d

*(Lr — —2 *Irq

g * Wy (20)

Ly v gvw,  (21)
Lm*Vs

qu=Rr>'sIrq+(Lr—
*(Lr — 5 Lm? =)« Irq+g>x<

Ird = — s« Ird + g x wg xIrg + * Vrd (22)

o T, ox*Lr
I}"q = _(lr * ( 1 Ls*Ts*Lr) Il’q 8 * WS (23)

Ird + T*Lr * Vrq

L L L2

T]":—r; :—S;O'ZI— (24)
Rr Rr Ls = Lr
where:

bsa, ¢sq, are stator flux components, ¢,4, ¢,,are rotor
flux components, Vg, Vy, are stator voltage compo-
nents, V.4, V,,, are rotor voltage components. Ry, R,
are stator and rotor resistances, L,, L, are stator and
rotor inductances, L,, is mutual inductance, o is leak-
age factor, P is number of pole pairs, w s is the stator
pulsation, w is the rotor pulsation, f is the friction co-
efficient, T, and T, are stator and rotor time-constant,
and g is the slid.

5. Model Reference Adaptive Control (MRAC)

MRAC is a kind of control method that follows the
response signal at the output of the reference model.
It has the advantages of simple structure and fast and
stable reconfiguration. The general idea underpinning
MRAC is to incorporate a reference model to acquire
the preferred closed-loop reactions. MRAC designs the
mechanism law and adjustments technique to drive the
desired trajectories for the system to track the reference
model output [29, 30]. The block diagram of the MRAC
is shown in Fig. 9. As seen from the figure, the basic
MRAC observer consists of two independent models for
estimating the same parameter. One is called the ref-
erence model, and this model does not include an esti-
mated parameter, and the other is called an adjustable

i rdgm
| Reference model

Vidg
% q . .
lrdq ’ lrdg -~ ledq

~—3MRAC DFIG model —|—>+O-—>

Figure 9: Model reference adaptive control

model, which depends entirely on the estimated param-
eter.

The system studied in this paper can be specified by
a first-order model given by the outputs of rotor current
controllers as:

di ,
drtd =—a-iia+b-V), (25)
di .

d’t L=—a-iyg+b-V, (26)

where i,4, is the system state, a and b are the system
model parameters, V' is the control signal. This last is
defined as:

VI = K(O) - ingg + Kr(8) - irag (27)

where: 7, is the reference signal, K(z) and Kr(?)
are the feedback and the feed forward gain respectively.
For controlling the system, the outputs of rotor current
controller may be rewritten as follows [30]:

dirdqm
dt
where i,4,, is the state of the reference model, a,,
and b,, are the reference model parameters. The dy-
namics of the system may be written as:

= A iydgn + b Ty, (28)

di, ; ]
= = - ledg + (@ = am = b - K(D)) - iraq+ (29)

(bn = b Kr(1) - ity

where icqq = irdgm — irdq 1S the error signal. Using
Equations 27, 28 and 29, it can be seen that for exact
matching between the system and the reference model,
the next expressions:

k:kE:¥ (30)
b
kr:kf:7m (31)

where ( )fdenotes the (constant) Erzberger gains.

— 31—
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Figure 10: The proposed DPC based on MRAC

Equations (30) and (31) can be used to express Equa-
tion (29) as:
diqq
dr

For universal MRAC, the adaptive gains are usually ex-
pressed as given below [30]:

t
k(e,t)Z/a-ye-Ierq-dt+/3"y€'1erq (33)
0

= —am-ioay+ (K" = K)(iragn —ieag) + (K* = K)-iray (32)

t
kr(e,t) = /0 a-ye- Ierqref dt+f-ye- Ierqref (34)

where a and g8 are adaptive control weightings repre-
senting the adaptive effort, y, is a scalar weighted func-
tion of the error state and its derivatives, y. = c. - x.
where ¢, can be chosen to ensure the stability of the
feed forward block.

The proposed DPC of a DFIG based on MRAC is
shown in Fig. 10.

6. Design of Neuro-Fuzzy Controller

The block diagram of the neuro-fuzzy controller (NFC)
system is shown in Fig. 11. The NFC controller is com-
posed of an on-line learning algorithm with a neuro-
fuzzy network. The neuro-fuzzy network is trained us-
ing an on-line learning algorithm. The NFC has two
inputs, the rotor current error ¢4, and the derivative of
rotor current error ¢, , .

The output is rotor voltage v;,. For the NFC of rotor
current iy, is similar to iy, controller [34, 35].

The current error (as shown in Fig. 13) and its varia-
tion are sampled and fuzzified according to pre-decided
fuzzy rules. The training procedure of NFC is based on

vdr‘
Neuro-Fuzzy

Figure 12: Schematic diagram of the neuro-fuzzy network.

FLC. For the NFC, a four layer NN as shown in Fig. 12 is
used. Layers I-IV represents the inputs of the network,
the membership functions, the fuzzy rule base and the
outputs of the network, respectively [33-35].

6.1. A.1- Layer I: Input layer

Inputs and outputs of nodes in this layer are repre-
sented as:

net{ = eird(t),y{ = fll(net{) = net{ = eird(t) (35)

neté = e’ird(t),y; = le(neté) = neté =¢'ird(t) (36)

6.2. A.2- Layer Il: membership layer

In this layer, each node performs a fuzzy set and the
Gaussian function is adopted as a membership func-
tion.

6.3. A.3- Layer llI: rule layer

This layer includes the rule base used in the fuzzy
logic control (FLC). Each node in this layer multiplies
the input signals and outputs the result of product.

—32—
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Figure 13: Rotor current error (Matlab/Simulink interface)

6.4. A.4. Layer IV: output layer

This layer represents the inference and defuzzifica-
tion used in the FLC. For defuzzification, the center of
area method is used.

In this work, the NFC parameters are chosen as fol-
lows:

e Takagi Sugeno Type;

N° of iteration is 500;

e Errortoleranceis 5-1073;

e Epochs are 1000;

e N° of membership functions is 7;
e N° of hidden layer neurons is 14;

The number of neurons in the input and output layers
is defined by the number of inputs and outputs required
by the application, respectively. There are no general
guidelines for defining the best number of neurons in
the hidden layer.

The proposed DPC of a DFIG based on NFC is
shown in Fig. 14.

The overall system is described in detail, as shown
in Fig. 15.

7. Simulation Results and Discussion

Fig. 11 and Fig. 14 show the block diagram of the
proposed DPC based on MRAC and NFC respectively.
The results, reported in Figs. 16 to 37, were used to in-
vestigate system behavior during power tracking. DFIG
used in this work is 4 kW and its nominal parameters
are indicated in Table. 3. The wind turbine is 10 kW
and its parameters are indicated in Table 4. In case 1,
we simulate a proposed control based on MRAC and

P ref

Lm*Vs

,,,,,,,,,,,,

Ps

Qs

Vin2 it meas
Ls*ws
Qref .
- P"’ Xt

Figure 14: Proposed DPC based on NFC
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Figure 15: Global System

NFC (Fig. 11 and Fig. 14) using the Matlab/Simulink
environment, without a Maximum Power Point Tracking
(MPPT) strategy.

7.1. Case 1 (Without MPPT Strategy):

The stator active and reactive powers and its refer-
ence profiles are presented in Fig. 16, its reference
are indicated in Table 5. It is clear that the measured
powers (active and reactive) have good tracking with
high performances (little error, and short response time)
compared to their reference powers in transient and
steady states. I, . and I, 4 are shown in Fig. 17
and Fig. 18 respectively, we remark the sinusoidal form
of the three rotor and stator currents. I,4, 1,4 and ¢,q,
¢4 are presented respectively in Fig. 19 and Fig. 21,
they present the inverse diagrams compared to reac-
tive and active powers. The inverse for Iy, Iy, they
have the same diagrams of reactive and active powers.
The tracking errors of active and reactive powers are
shown in Fig. 22. We observe a low power error:

—100W/Var < APs AQs < +100W/Var
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We use a robustness test for both cases (Proposed
DPC based on MRAC and NFC), as follows:

e Test 1: (Without robustness test)—Blue color.

e Test2: Add 100% for Rr, and decrease 25% for Ls,
Lr, and Lm respectively— Brown color.

e Test 3: Add 100% for Rr and J, and decrease 25%
for Ls, Lr, and Lm— Green color

The stator active powers and its reference profiles for
proposed controls based on MRAC and NFC are pre-
sented in Fig. 23 and Fig 25 respectively. We note that
the stator active powers follow exactly its references
for both proposed controls (Test1-blue color). After a
robustness test (Test 2-brown color), the stator active
powers follow its references, but we note that there is
a great power error and more ripples in the proposed

T " 'H M’" " ”'“'f.". = u'.'.'w'”, " " ’ ’“ 'I
%,':::::::::__---;iiiii ____ i

Ttme (Secondv)

Figure 18: Stator currents Is_abc
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Figure 19: Rotor direct current and rotor transversal current
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Figure 20: Stator direct current and stator transversal current

control based on MRAC, and neglected in NFC. Af-
ter adding 100% of the moment inertia J, severe dis-
ruptions are noted (Test3-green color) just for the pro-
posed control based on MRAC because it is influenced
by parameter variation. The stator reactive powers and
its reference profiles for proposed controls based on
MRAC and NFC are presented in Fig. 24 and Fig 26
respectively. We note the stator reactive powers fol-
low exactly its references for both proposed controls
(Test1-blue color). By using a robustness test (Test2-
brown color) and (Test 3-green color), we note lower
undulations in the proposed control based on MRAC
and neglected in NFC, we note also a little overshoot
in the proposed control based on MRAC and neglected
in NFC. The overshoot existence, the THD of the sta-
tor and rotor current and the value of the active and
reactive power errors (only for test 1-Blue color), are

Rotor direct and transversal

|
|
' |
g . [~ Phirdweben).
’ I I I |'|— Phirq(Weber).
R | | | | |
02— — —1— — — 4 — — — ) R |
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L
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Figure 21: Rotor direct flux and rotor transversal flux
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Figure 23: Stator active power based on MRAC

mentioned in table 1.

In case 2, we simulate both the proposed control
based on MRAC and NFC (Fig. 11 and Fig. 14) us-
ing the Matlab/Simulink§environment, with Maximum
Power Point Tracking (MPPT) strategy.

7.2. Case 2 (With MPPT Strategy):

The stator active and reactive powers and its refer-
ence profiles are presented in Fig. 27. The stator ac-
tive power reference is extracted from MPPT strategy;
it takes the inverse diagram of wind speed. The stator
reactive power equal to 0 Var, represents power factor
unity. It is clear that the measured powers (active and
reactive) have good tracking with high performances
(little error, and short response time) compared to their

Qs meas MRAC (+100%], +100Rr, +25%(Lr,Ls,Lm)).
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Figure 24: Stator reactive power based on MRAC
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Figure 25: Stator active power based on NFC
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Figure 26: Stator reactive power based on NFC

reference powers in transient and steady states. I, up,
I, 4 are presented respectively in Fig. 28 and Fig. 29.
We note the sinusoidal form of the three phases of ro-
tor and stator currents. 1,4, I, and ¢,4, ¢,, are pre-
sented respectively in Fig. 30 and Fig. 32, they repre-
sent the inverse diagrams of reactive and active pow-
ers respectively. And the inverse for Fig. 31 Iy, Iy,
have the same diagrams of reactive and active pow-
ers respectively. The tracking error of active and re-
active powers is shown in Fig. 33. We observe a low
power error of active and reactive powers: —80W/Var <
APs AQs < +80W/Var Except between 0.5 and 0.7 sec
—80W/Var < APs AQs < +80W/Var

Table 1: Result’s Recapitulation

Proposed Control

Based on MRAC

Based on NFC

Overshoot A little Neglected
Stator Currents THD  0.81 % 0.78 %
Rotor Current’s THD 17.01 % 2.80 %

Power’s error +/-100 (W_VAR)  +/- 100 (W_VAR)
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Figure 27: Stator active and reactive powers
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Figure 28: Stator currents Is_abc

For both cases (Proposed DPC based on MRAC and
NFC) we use a robustness test as follows:

e Test 1: (Without robustness test)—Blue color.

e Test 2: Add 100 % for Rr, and decrease 25 % for
Ls, Lr, and Lm— Brown color.

e Test 3: Add 100 % for Rr and J, and decrease 25
% for Ls, Lr, and Lm— Green color

The stator active powers injected into the grid for pro-
posed controls based on MRAC and NFC via MPPT
strategy are presented in Fig. 34 and Fig. 36 respec-
tively. We note that the stator active powers follow
exactly its references in transient and steady states,
for both proposed controls (Test1-blue color). After a
robustness test (Test 2-brown color), the stator active
powers follow its references, but we note that there are
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Figure 29: Rotor currents Ir_abc
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Figure 30: Rotor direct current and rotor transversal current
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Figure 31: Stator direct current and stator transversal current

few ripples in the proposed MRAC especially between
0.5 sec and 0.7 sec and neglected in NFC. After adding
+100% of the moment inertia J, a remarkable power er-
ror is noted (nearly +/-200 W) with severe disruptions;
this is only in the proposed control using MRAC (Test3-
green color) because it is influenced by parameter vari-
ation. The stator reactive powers injected into the grid
for the proposed controls using MRAC and NFC via
MPPT strategy are presented in Fig. 35 and Fig. 37 re-
spectively. We note that the stator reactive powers fol-
low exactly its reference (0 Var- Power Factor Unity) in
transient and steady states for both proposed controls
(Test1-blue color). By using a robustness test (Test2-
brown color) and (Test 3-green color), we note a re-
markable power error (nearly +/- 700 Var) especially be-
tween 0.5 sec and 0.8 sec, with severe disruptions and
more ripples in the proposed control based on MRAC
(doesn’t maintain 0 Var) and power factor (PF) is dif-
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Figure 32: Rotor direct flux and rotor transversal flux
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Figure 33: Stator active and reactive power error

ferent than unity, and neglected in the proposed control
based on NFC. The overshoot existence, the THD of
the stator and rotor current and the value of the active
and reactive power errors (only for test 1-Blue color),

are mentioned in table 2.
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Figure 34: Stator active power based on MRAC
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Figure 35: Stator reactive power based on MRAC

Table 2: Result Recapitulation

Proposed Control

Overshoot
Stator Curre

Rotor Current’s THD

Power’s erro

Based on MRAC Based on NFC

Neglected Neglected
nts THD  1.01% 0.99%
24.64% 18.42%
r +/-120 (W_VAR)  +/- 120 (W_VAR)
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Figure 36: Stator active power based on NFC
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Figure 37: Stator reactive power based on NFC

Table 3: Parameters of the DFIG.

Rated Power: 4 kWatts
Stator Resistance: Rs =1.2Q
Rotor Resistance: Rr =1.8Q
Stator Inductance: Ls =0.1554 H.
Rotor Inductance: Lr=0.1558 H.
Mutual Inductance: Lm=0.15H.
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-m?
Slip: g=0.015

Table 4: Parameters of the Turbine.

Rated Power: 10 kWatts
Number of Pole pairs: P=3
Blade diameter R=3m
Gain: G=3.9

The moment of inertia

Friction coefficiel
Air density:

nt

Jt=0.00065 kg-m?
ft=0.017 N-m/sec
p=1.22 Kg/m?®

Table 5: Active and Reactive Power References.

Time (sec):  Stator Active Power  Stator Reactive Power
[0-0.2]. -700 Watts. 0 Var.
[0.2-0.4]. -1400 Watts. -1400 Var.
[0.4 - 0.6]. -700 Watts. 0 Var.
[0.6 - 0.8]. -1400 Watts. +1400 Var.
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8. Conclusion

This paper presents the high performances of an
improved direct power control based on MRAC and
Neuro-fuzzy control for grid connection doubly fed in-
duction generator. In order to control the DFIG, direct
power control with SVM has been achieved by adjust-
ing active and reactive powers and rotor currents. The
performances of NFC based on DPC were tested and
compared to those achieved using the MRAC controller.
Simulation results obtained in the Matlab/Simulink en-
vironment using robustness tests via MPPT strategy
have shown that the NFC is efficient, has superior dy-
namic performance and is more robust during parame-
ter variations.
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