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 
Abstract—In this paper, type-2 fuzzy logic control (T2FLC) and 

neuro-fuzzy control (NFC) for a doubly fed induction generator 
(DFIG) based on direct power control (DPC) with a fixed switching 
frequency is proposed for wind generation application. First, a 
mathematical model of the doubly-fed induction generator 
implemented in d-q reference frame is achieved. Then, a DPC 
algorithm approach for controlling active and reactive power of 
DFIG via fixed switching frequency is incorporated using PID. The 
performance of T2FLC and NFC, which is based on the DPC 
algorithm, are investigated and compared to those obtained from the 
PID controller. Finally, simulation results demonstrate that the NFC 
is more robust, superior dynamic performance for wind power 
generation system applications. 

 
Keywords—Doubly fed induction generetor, direct power control, 

space vector modulation, type-2 fuzzy logic control, neuro-fuzzy 
control, maximum power point tracking. 

I. INTRODUCTION 

ANY of the wind turbines installed today are equipped 
with DFIG. However, most of these machines are 

connected directly to the network to avoid the presence of a 
converter. The major advantage of these facilities lies in the 
fact that the power rate of the inverters is around the 25 % - 30 
% of the nominal generator power [1], [2]. 

Essentially, the DFIG is a wound rotor induction generator 
(WRIG) whose stator windings are connected to the grid 
directly and rotor windings connected to the grid through back-
to-back converter. A schematic diagram of variable speed wind 
turbine system with a DFIG is shown in Fig. 1. Control 
strategies of DFIG have been discussed in literatures [3], [4]. 
Control of DFIG through the Field Oriented Control (FOC) 
which is performed by rotor currents control has been 
developed in [5]. FOC method depends on parameters variation 
and its power dynamics can be influenced by these variations. 
Although, DFIG control using Input-Output Feedback 
Linearization method can operate below and above 
synchronous speed, but complication of control method and 
dependence on parameters are its disadvantages. 

DPC strategy, as an alternative, has been introduced to the 
DFIG based wind power generation, the basic theory of DPC 
has been described in detail in [6], same as the well-known 
direct torque control strategy, the basic DPC has the demerits 
of large torque and current ripple and variable switching 
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frequency, a space vector modulation based constant switching 
frequency DPC method is proposed in [7] to solve the previous 
problems, and some compensation method is proposed as well 
to improve the system performance. Further, three improved 
DPC methods, with different control targets, for DFIG control 
system have been discussed and implemented in [8]. During 
the past decade, various adaptive and robust controllers, based 
on variable structure controller [9], and fuzzy-neural 
techniques [10], [11] are proposed for electrical drives. Neuro-
fuzzy systems combine the advantageous of neural networks 
and fuzzy logic systems. 

In [12], the author has presented a model reference adaptive 
system (MRAS) speed estimator for speed sensorless direct 
torque and flux control (DTFC) of an induction motor drive 
(IMD), has proposed tow topologies based in Type-1 fuzzy 
logic controller (T1FLC) and T2FLC to achieve high 
performance sensorless drive in both transient as steady state 
conditions. In [13] a statistic study has proposed, which based 
on applications of fuzzy logic in renewable energy systems 
between 1994 until 2014, it is clear that the wind energy have 
big importance in these researches using neuro fuzzy, fuzzy 
particle swarm optimization, fuzzy genetic algorithms in 
simulation and experimental.  

In this paper, T2FLC and NFC are used for adjusting rotor 
current of DFIG. This paper is organized as follows; firstly, the 
modeling of the turbine is presented in Section II. In Section 
III, the mathematical model of DFIG is given. Section IV 
presents DPC of DFIG which is based on the orientation of the 
stator flux vector along the axis ‘d’. The NFC and T2FLC are 
established to control the rotor currents are represented in 
Section V and Section VI, respectively. In Section VII, 
computer simulation results are shown and discussed. Finally, 
the reported work is concluded. 

II. MODEL OF THE TURBINE 

The wind turbine input power usually is: 
 

௩ܲ ൌ
ଵ

ଶ
∗ ߩ ∗ ܵ௪ ∗  ଷ                                                                 (1)ݒ

 
where ߩ is air density; ܵ௪ is wind turbine blades swept area in 
the wind; ݒ is wind speed.  

The output mechanical power of wind turbine is: 
 

௠ܲ ൌ ௣ܥ ∗ ௩ܲ ൌ
ଵ

ଶ
∗ ௣ܥ ∗ ߩ ∗ ܵ௪ ∗  ଷ                                       (2)ݒ

 

Performences of Type-2 Fuzzy Logic Control and 
Neuro-Fuzzy Control Based on DPC for Grid 

Connected DFIG with Fixed Switching Frequency 
Fayssal Amrane, Azeddine Chaiba 

M 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

871

 

wh
ef
pit
th
is 
 

ߣ

here Cp repr
fficiency. It is 
tch angle β in
e ratio of the t
given by: 

ߣ ൌ ோ∗ఆ೟
௩

         

 

 

resents the w
a function of 

n a pitch-contro
tip speed of th

                      

wind turbine 
the tip speed r
olled wind tur
he turbine blad

                      

Fig. 1 S

F

power conv
ratio λ and the
rbine. λ is defi
des to wind sp

                       

Schematic diagr

Fig. 2 Aerodynam

version 
e blade 
ined as 
peed. ߣ 

     (3) 

whe
can 
 

௣ܥ ൌ

ram of wind tur

mic power coef
 
 

ere R is blade 
be described a

ൌ ൫0.5 െ 0.016

െ0.00184 ∗

rbine system wit

fficient variation

radius, Ωt is a
as [10], [11]: 

7 ∗ ሺߚ െ 2ሻ൯ ∗

∗ ሺߣ െ 3ሻ ∗ ሺߚ െ

th a DFIG 

n Cp 

angular speed 

sin ቂ
గ∗ሺఒା଴.ଵሻ

ଵ଼.ହି଴.ଷ∗ሺఉି

െ 2ሻ                 

 

of the turbine

ሻ

ିଶሻ
ቃ           

                      

e. Cp 

   (4) 

 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

872

 

 

	ߚ
th

pr
re
in 
Fi

do
th

 

 

 

 

 

 

 

 

 

 

The maximum
ൌ 	0 degree a

e maximum p
In our work, w
After the sim

rofile, we test
sults the curve
Fig. 4; this la

ig. 2 (ܥ௣_௠௔௫ ൌ

III. M

The generato
ouble-fed indu
e two-phase re
Stator and rot

݀ݏܸ ൌ ܴ௦ ∗ ݅௦ௗ

௦ܸ௤ ൌ ܴ௦ ∗ ݅௦௤

௥ܸௗ ൌ ܴ௥ ∗ ݅௥ௗ

௥ܸ௤ ൌ ܴ௥ ∗ ݅௥௤

Stator and rot

∅௦ௗ ൌ ௦ܮ ∗ ݅௦ௗ

∅௦௤ ൌ ௦ܮ ∗ ݅௦௤

∅௥ௗ ൌ ௥ܮ ∗ ݅௥ௗ

∅௥௤ ൌ ௥ܮ ∗ ݅௥ௗ

The electrom

Fig. 3 Wind pr

Fig. 4 Power

m value of ݌ܥ
and for ߣ௢௣௧ 	ൌ
ower point tra
we use the win
mulation of th
t the robustne
e of power co
atter achieved 
ൌ 0.4785ሻ des

MATHEMATIC

or chosen for th
uction generat
eference by th
tor voltages: 

ௗ ൅
ௗ

ௗ௧
∅௦ௗ െ ߱௦

௤ ൅
ௗ

ௗ௧
∅௦௤ ൅ ߱௦

ௗ ൅
ௗ

ௗ௧
∅௥ௗ െ ሺ߱

൅
ௗ

ௗ௧
∅௥௤ ൅ ሺ߱௦

tor fluxes: 

ௗ ൅ ௠ܮ ∗ ݅௥ௗ 

௤ ൅ ௠ܮ ∗ ݅௥ௗ      

ௗ ൅ ௠ܮ ∗ ݅௦ௗ       

ௗ ൅ ௠ܮ ∗ ݅௦ௗ       

magnetic torque

rofile (Wind Spe

r coefficient (Cp
 

௣_௠௔௫ܥ)  ൌ 0.4
ൌ 	8.107. This p
acking (MPPT)
nd profile, as s
he wind turbi
ess of our M
efficient ݌ܥ v
the maximum
spite the variat

CAL MODEL OF

he conversion
tor, DFIG mo
he following eq

௦ ∗ ∅௦௤ .        

௦ ∗ ∅௦ௗ .             

߱௦ െ ߱ሻ ∗ ∅௥௤ . 

௦ െ ߱ሻ ∗ ∅௥ௗ . 

                        

                        

                        

                        

e is given by: 

eed) 

 

p) 

4785ሻ is achiev
point correspo
) [16]. 
shown in Fig.
ine using this

MPPT algorithm
versus time is 

m value mentio
tion of the win

F DFIG 

n of wind energ
odeling describ
quations, [14]

                     

                     

                  

               

                        

                       

                       

                       

 

ved for 
onds at 

3. 
s wind 
m. As 
shown 

oned in 
nd. 

gy is a 
bed in 
, [15]: 

     (5) 

     (6) 

     (7) 

     (8) 

      (9) 

    (10) 

    (11) 

    (12) 
 

 
and 
 

 

 
whe
is m

T
inve
show

 
In

basi
one
synt

 
ሬܸ

In
follo
who
Fig.

B
volt

W
tran
activ
com

ܲ

 

ܳ

௘ܥ ൌ ܲ ∗ ௠ܮ ∗

its associated

௘ܥ െ ௥ܥ ൌ ܬ ∗ ௗ

ௗ

ܬ ൌ ௃೟ೠೝ್೔೙೐
ீమ

൅ ܬ

ere ܥ௥ is the lo
mechanical spe
The voltage v
erter, divide t
wn in Fig. 5 [1

Fig. 5 The d

n every secto
ic space volta

zero vector. 
thesized voltag

ሬܸԦఈఉ ൌ
భ்

ೄ்
∗ ଵܸሬሬሬԦ ൅

n this section
owing state e
ose axis d is a
. 6, ሺ∅௦ௗ ൌ ∅௦

By neglecting 
tage will be ex

 

௦ܸௗ ൌ 0	ܽ݊݀	 ௦ܸ

We lead to
nsversal comp
ve power. Th

mponent ird as

௦ܲ ൌ െ ௦ܸ ∗
௅೘
௅ೞ
∗

ܳ௦ ൌ
௏మೞ
ఠೞ∗௅ೞ

െ ௦ܸ

ሺ݅௥ௗ ∗ ݅௦௤ െ ݅௥௤

d motion equat

ௗ

ௗ௧
ߗ ൅ ݂ ∗ ߗ     

௚ܬ                    

oad torque ܬ	is
eed and G is ga
vectors, produ
the space vec
17]. 

diagram of volta

r, each voltag
age vector of 

For example
ge space vecto

మ்

ೄ்
∗ ଶܸሬሬሬԦ           

IV. DPC O

n, the DFIG m
quations in th
ligned with th

௦ሻand (∅௦௤ ൌ 0
resistances o

xpressed by: 

௦ܸ௤ ൌ 	 ௦ܸ ≅ ߱௦ ∗

an uncoupled
ponent irq of 
he reactive po
 in shown in F

݅௥௤                    

∗
௅೘
௅ೞ
∗ ݅௥ௗ         

௤ ∗ ݅௦ௗ              

tion is: 

                      

                      

s total inertia i
ain of gear bo
uced by a t
ctor plane in

 

age space vector

ge vector is s
the two sides 

e, in the first 
or and is expre

                    

OF DFIG 

model can be 
he synchronou
he stator flux v
0) [6]. 
of the stator 

∅௦                  

d power con
the rotor cu

ower is impo
Fig. 7: 

                        

                        

                     

                    

                    

in DFIG’s roto
x. 
three-phase P

nto six sectors

rs in α-β plan 

synthesized by
 of the sector
sector, Vaβ 

essed by: 

                    

 described by
us reference fr
vector as show

phases the s

                     

ntrol; where,
urrent controls
osed by the d

                        

                        

 (13) 

 (14) 

 (15) 

or, Ω 

PWM 
s, as 

 

y the 
r and 
 is a 

 (16) 

y the 
frame 
wn in 

stator 

 (17) 

the 
s the 
direct 

 (18)      

 (19) 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

873

 

th

    

݅

    

݅

 

Th
alg
ne
NF
de
vo
݅௥ௗ

La

The arrangem
e voltages acc
 

௥ܸௗ ൌ ܴ௥ ∗ ݅௥ௗ
  

௥ܸ௤ ൌ ܴ௥ ∗ ݅௥௤
௅೘∗௏ೞ
௅ೞ

     

݅௥ௗ ൌ െ ଵ

ఙ∗ఛೝ
∗ ݅

  

݅௥௤ ൌ െ ଵ

ఙ
ቀ ଵ
ఛೝ
൅

V. 

The block di
he NFC con
gorithm with
etwork is train
FC has two 
erivative of r
oltage ௗܸ௥. Fo

ௗ controller [1

A. Descriptio

For the NFC
ayers I–IV r

ment of the eq
cording to the 

൅ ቀܮ௥ െ
௅೘మ

௅ೞ
ቁ ∗

൅ ቀܮ௥ െ
௅೘మ

௅ೞ
ቁ ∗

                           

௥ௗ ൅ ݃ ∗ ߱௦ ∗ ݅௥

௅೘మ

௅ೞ∗ ೞ்∗௅ೝ
ቁ ∗ ݅௥௤ െ

DESIGN OF N

iagram of the 
ntroller is com
h a neuro-fu
ned using an 
inputs, the r

rotor current 
or the NFC of
10]. 

on of NFC 

C, a four layer
represents th

Fig. 6 St

quations gives
rotor currents

ௗ௜ೝ೏
ௗ௧

െ ݃ ∗ ߱௦ ∗

ௗ௜ೝ೜
ௗ௧

൅ ݃ ∗ ߱௦ ∗

                            

௥௤ ൅
ଵ

ఙ∗௅ೝ
∗ ௥ܸௗ 

െ ݃ ∗ ߱௦ ∗ ݅௥ௗ ൅

NFC CONTROL

NFC system 
mposed of a

uzzy network
on-line learn

rotor current 
error ሶ݁௜ௗ௥. T

f rotor current

r NN as show
he inputs of 

tator and rotor f

s the expressi
: 

ቀܮ௥ െ
௅೘మ

௅ೞ
ቁ ∗ ݅௥௤

ቀܮ௥ െ
௅೘మ

௅ೞ
ቁ ∗ ݅௥ௗ

                          

                       

൅ ଵ

ఙ∗௅ೝ
∗ ௥ܸ௤      

Fig. 7

LLER 

is shown in F
an on-line le
. The neuro

ning algorithm
error ݁௜ௗ௥ an

The output is
t ݅௥௤ is simila

wn in Fig. 9 is
the network

flux vectors in th
 

ons of 

௤   (20) 

ௗ ൅ ݃ ∗

    (21) 

 

    (22) 

    (23) 

with
 

ܶ

 
whe
flux

௥ܸௗ,
roto
mut
pair
the 
con

 

 DFIG simplifie
 

Fig. 8. 
earning 
o-fuzzy 
m. The 
nd the 
s rotor 
ar with 

s used. 
k, the 

mem
the 

 

 
T

Fig.

he synchronous

h: 

௥ܶ ൌ
௅ೝ
ோೝ
; 	 ௦ܶ ൌ

௅

ோ

ere; ߶௦ௗ, ߶௦௤ a
x components
, ௥ܸ௤ are rotor

or resistances, 
tual inductanc
rs, ߱௦is the st
friction coeff
stant, and ݃ is

ed model 

mbership func
network, resp

The proposed 
. 10. 

s d-q frame. 

௅ೞ
ோೝ
; ߪ	 ൌ 1 െ

௅೘మ

௅ೞ∗௅

are stator flux 
s, ௦ܸௗ, ௦ܸ௤ ar
r voltage com
,௦ܮ ௥ are statܮ

ce, ߪ is leakag
tator pulsation
ficient, ௦ܶ and
s the slip. 

ctions, the fuz
ectively [10]. 

Fig. 8 Block d

DPC of a DF

 

೘

௅ೝ
                      

components, 
re stator volt
mponents. ܴ௦,
tor and rotor i
ge factor, ܲ i

n, ߱ is the rot
d ௥ܶ are stato

 

zzy rule base a

diagram of NFC

FIG based on 

                       

߶௥ௗ, ߶௥௤ are r
tage compon
ܴ௥ are stator
inductances, ܮ
is number of 
tor pulsation, 
or and rotor t

and the outpu

C 

NFC is show

 (24) 

rotor 
nents, 
r and 
 ௠ isܮ
pole 
݂ is 

time-

uts of 

 

wn in 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

874

 

Th
T2FLC used 

he membershi

VI. DESIG

in this work
ip functions ar

GN OF T2FLC 

k has two inpu
re defined in F

Fig

 

uts and one o
Figs. 11 (a) an

g. 9 Schematic d

Fig. 10 P

(a) Inpu

output. 
nd (b). 

The
of th

 

diagram of the n
 

Proposed DPC 
 

uts membership

e fuzzy rule ba
he form [12], 

neuro-fuzzy net

using NFC 

p functions 

ase consists o
[13]. 

twork 

f a collection 

 

of linguistic r

 

rules 

 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

875

 

Ru

Ru

Ru

Ru

Ta

 

ule 1: if ଵܵ,ଶ is

ule 2: if ଵܵ,ଶ is

ule 3: if ଵܵ,ଶ is

ule 49: if ଵܵ,ଶ 
 
These inferen

able I [12],[13
 

(b) Output me

Fig. 11 Mem

s NB2, and ܵଵ
s NM2, and ܵଵ
s NS2, and ܵଵ

is PB2, and ܵ

nces can be ma
3]. 

mbership functi

mbership functio
 

ଵ,ଶ is NB2 then

ଵ,ଶ is NB2 the

,ଶ is NG2 then
⋮ 

ଵܵ,ଶ is PB2 then

ade in a more 

Fig. 

ions 

ons 

n ݀ ଵܷ,ଶ is NB

en ݀ ଵܷ,ଶ is NB

n ݀ ଵܷ,ଶ is NS

n ݀ ଵܷ,ଶ is PB

explain as sho

12 The Simulin

Fig. 13 The

 

B2. 

B2. 

2. 

B2. 

own in 

dS

 
T

curr
prop
The

T
para
a 10

nk scheme of T2
 

e proposed DPC

 ݀ ଵܷ,ଶ 
NB

S1,2

NB2 NB

NM2 NB

NS2 NB

EZ2 NB

PS2 NM

PM2 NS

PB2 EZ

The equivalen
rents of DPC
posed DPC of 
e overall system

VI

The DFIG use
ameters are in
0 kW whose pa

2FLC for rotor c

C using T2FLC

TAB
TYPE-2 FUZZY IN

B2 NM2 N

B2 NB2 N

B2 NM2 NM

B2 NM2 N

B2 NM2 N

M2 NS2 E

S2 EZ2 P

Z2 PS2 P

nt scheme of 
C in this wo
f a DFIG based
m is described

II. SIMULATI

ed in this wo
ndicated in Ta
arameters are 

currents 

BLE I 
NFERENCE TABLE

݀ ଵܵ,ଶ 

NS2 EZ2 P

NB2 NM2 N

M2 NM2 N

NS2 NS2 E

NS2 EZ2 P

EZ2 PS2 P

PS2 PM2 P

PS2 PM2 P

f t T2FLC fo
rk is shown 
d on T2FLC is
d in detail, as s

ION RESULTS 

ork is a 4 kW
able III. And th
indicated in T

 

E 

PS2 PM2 P

NS2 NS2 E

NS2 EZ2 P

EZ2 PS2 PM

PS2 PM2 PM

PS2 PM2 P

PM2 PM2 P

PB2 PB2 P

or adjusting r
in Fig. 12.

s shown in Fig
shown in Fig.

W whose nom
he wind turbin

Table IV.  

 

PB2

EZ2

PS2 

M2

M2

PB2

PB2

PB2

rotor 
The 

g. 13. 
14. 

minal 
ne is 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

876

 

 
For both casees, we use robuustness test as

Fi

s follows: 

Fig. 15

Fig. 16 

ig. 14 Global sy


 

5 Stator active p
 

Stator reactive 
 
 
 
 
 

ystem 

Case I (NFC)

power Ps. 

power QS 

) 

 

 

 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

877

 

 

Te
Te

Te

in
T2
th
pr
(T
re
pr
of
wi
T2

Case II (T2
 

est 1: (Withou
est 2: Add 10

Lm → B
est 3: Add 100

and Lm 
Figs. 15 and 
to the grid us
2FLC, respect
e stator active

roposed contro
Test 2-brown 
ference, but 

roposed T2FL
f the moment 
ith severe dis
2FLC (Test3-g

 
 
 
 
 

2FLC) 

ut robustness t
0% for Rr, an

Brown color. 
0 % for Rr an
→ Green colo

d 17 represent
ing SVM for 
tively, via MP
e power follow
ols (Test1-blu

color), the 
we note tha
C and neglect
inertia J, a r

sruptions; onl
green color) b

test) → Blue c
nd decrease 2

nd J, and decre
or 
t the stator ac
proposed con

PPT strategy. 
ws exactly its
ue color). Aft
stator active 

at there are 
ted in NFC. A
remarkable po
ly in the prop
etween 0.5 sec

 

Fig. 1

Fig. 18 

color.  
25% for Ls, L

ease 25% for L

ctive power in
ntrol using NF

It can be sai
s reference, fo
er a robustne
power follow

few ripples 
After adding +
ower error is 
posed control 
c until 0.52 se

7 Stator active p
 

Stator reactive 
 

Lr, and 

Ls, Lr, 

njected 
FC and 
id that 

or both 
ss test 
ws its 
in the 
100 % 
noted, 
using 

ec. 

 

power Ps 

power QS 

 

Stator Current’s

Rotor Current’s

Power’s erro

Rat

Stator

Rotor

Stator

Rotor 

Mutua

Rate

Number

Rat

Frictio

The mom

TAB
RESULTS’S RE

N

s THD 0

s THD 2

or +/- 110

TAB
PARAMETERS

ted Power: 

r Resistance: 

r Resistance: 

r Inductance: 

Inductance: 

l Inductance: 

ed Voltage: 

r of Pole pairs: 

ted Speed: 

n Coefficient: 

ment of inertia 

Slid: 

BLE II 
ECAPITULATION 

NFC 

0.78 % 

2.80 % 

0 (W_VAR) +

 
BLE III 
S OF THE DFIG 

4 Kw

Rs = 

Rr = 

Ls = 0.1

Lr = 0.1

Lm = 0

Vs = 22

P=

N=144

fDFIG=0.0

J=0.2 k

g=-

 

T2FLC 

1.14 % 

13.77 % 

+/- 130(W_VAR)

watts 

1.2Ω 

1.8Ω 

1554 H. 

1558 H. 

0.15 H. 

20/380 V 

= 2 

40 rpm 

00 N*m/sec 

kg*m^2 

0.04 

 

 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:7, 2016

878

 

TABLE IV 
PARAMETERS OF THE TURBINE 

Rated Power: 10 Kwatts 

Number of Pole pairs: P= 3 

Blade diameter R= 3m 

Gain: G=5.4 

The moment of inertia Jt=0.00065 kg*m^2 

Friction coefficient ft=0.017 N*m/sec 

Air density: ρ=1.22 Kg/m^3 

VIII. CONCLUSION 

In this paper neuro-fuzzy logic control and T2FLC for 
DFIG based on DPC with a fixed switching frequency have 
been proposed for wind generation application. DPC via SVM 
strategy has been achieved by adjusting active and reactive 
powers and rotor currents. The performances of NFC and 
T2FLC which is based on the DPC algorithm has been 
investigated and compared to those obtained from the PID 
controller for power control. The results obtained by the 
validation platform using the ܤܣܮܶܣܯ	/	݈݇݊݅ݑ݉݅ܵ®, have 
shown that the NFC has high efficiency, low error, very short 
response time, high dynamics for wind generation. 
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