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Abstract - Nyala is one of the most suitable areas in Sudan for building wind energy conversion
system. This system could be linked with Nyala electrical grid without expensive cost because it is
near to the electrical local grid. The permanent changes of wind speed with no stablemode generate
different amplitude and frequency voltages which differ from Nyala electrical grid utility parameters.
This requires good and suitable controller to facilitate the link process or direct connection to the load.
This paper proposes a fuzzy-PID controller as maximum power point tracker (MPPT) to track the
maximum power available from the wind energy conversion system (WECS) and to obtain AC
voltage with constant amplitude and frequency. The maximum power is obtained based on the rotor
speed of the wind turbine which represent in error between actual rotor speed of PMSG and estimated
value of rotor speed depend on values of DC current and voltage at the terminal of boost-converter
and parameters of PMSG. The error of rotor speed is given as input to the fuzzy-PID controller that
controls the duty cycle of pulse width modulation (PWM) generator and its output is connected to the
boost converter. The proper wind turbine with its generator was chosen depending on parameters of
probability density function (pdf), called Wiebull Function. To validate the correctness and
effectiveness of the proposed system, it is simulated with MATLAB/SIMULINK model. The

simulation results show the good performance of the proposed control scheme.

Keywords - Wind turbine, Permanent Magnet Synchronous Generator (PMSG), Maximum
power point tracking (MPPT), PWM, PID and Fuzzy logic controller.
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INTRODUCTION

Sudan is one of countries where many sources
of renewable energies are available such as
wind, solar and so on, specifically in northern
part (Dongla) , east part (Port Sudan) and west
part (Nyala). The average of wind speeds in
those areas varies between 7 — 8 m/s ' The
investment of such renewable resources in the
process of conversion into other forms of energy,

such as electric energy , is supporting the
country in many energy forms, will have great
impacts on the country economy, and help in
having good and clean environment.

According to the forecasts, it is expected that by
2050 global demand for energy grows up to 3
times *. At least 15 to 20 percent of global
energy demand will be met directly by new and
renewable energy sources. The wind energy is
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considered one of these sources. The use of
Wind energy is on the rise because it is clean,
but the truth about wind power is that wind
energy is expensive and for economic use, it is
necessary to minimize the occurrence of errors in
it. Production of nuclear and fossil power and
other energies which are harmful for the
environment, peace and human welfare, must be
replaced with better methods. It means that they
should turn into the form of available renewable
energy in the environment. The various types of
renewable energy sources contributing to current
energy demand consist of water, wind, solar
energy and biomass "',

Many new technologies such as pitch control
and variable speed control methods have been
tested and put forward since then. Sometimes,
wind turbine work in an isolating mode;
therefore, there is no grid. Usually there are two,
three or even more than three blades on a wind
turbine. However according to aerodynamics
concept, three blades is the optimum number of
blades for a wind turbine *!. Asynchronous and
synchronous AC machines are the main
generators that are used in the wind turbines.

A wind turbine extracts kinetic energy from
the wind and converts this into mechanical
energy. Then, this mechanical energy is
converted to electrical energy with the help of a
generator. Therefore, the complete system that
involves converting the energy of the wind to
electricity is called wind energy conversion
system. A wind turbine extracts the maximum
amount of energy from the wind when operating
at an optimal rotor speed, which again depends
on speed of wind. The optimal rotor speed varies
due to the variable nature of the wind speed.
Wind power is the most reliable and quick
developing among the various renewable energy
sources. Wind turbines can operate both in fixed
as well as variable speed operation mode. For a
fixed speed operation the generator is directly
connected to grid whereas for variable speed the
generator is controlled with the help of power
electronicequipment. Therefore double fed
induction generator plays a vital role by
[(;gcgating in grid as well as in standalone mode
There are different control methods and
strategies of wind turbine generation proposed
and discussed in the literature review:

Akash Alex Paret ' presented a PID Controller
Frequency regulation of Wind Turbine using
Matlab/Simulink software, the output frequency
of a wind turbine system supplying an isolated

load is regulated by controlling the rotor speed,
The gains of the PID controller are tuned using
manual tuning and design optimization toolbox.

Vishal T. "', presented a PID Controller Based
Pitch Actuator System for Variable speed

horizontal axis wind  turbine  using
MATLAB,that is wused to control the
aerodynamic power of wind turbine. He

observed The values of time response parameters
(Kp, Ki and Kd ) of the pitch actuator system for
different cases , to give suitable tuning for the
response .

Saravana kumar and Rajendran ™', proposed a
nonlinear approach to wind turbine (WT) using
two-mass model , a combination of linear and
nonlinear controllers is adapted to variable speed
variable pitch wind turbines (VSVPWT) system ,
a controller is used to maximize the energy
capture from the wind with reduced oscillation
on the drive train at varying wind speed .
Rupendra Kumar ", presented various
mechanical control methods used for controlling
wind turbine (WT), and their role in WT power
generating stations such as the gear control,
blade pitch angle control and yaw control, for
fluctuating wind speed, they proposed simplified
methodology for gear design to obtain the speed
of driven gear in a practical case.

Sachin Khajuria "', presented how the control of
variable speed wind turbine can be used to
generate a fixed value of voltage at the output
with the help of a PI controller. This is done by
varying the pitch angle of the blades. Pitch
angle control is used  for adjusting the
aerodynamic torque of the wind turbine when
wind speed is above rated speed and various
controlling variables may be chosen, such as
wind speed , generator speed and generator
power. The model is simulated by
Matlab/Simulink software package.

Luis Alberto Torres Salomao ', suggested a
fuzzy logic proportional integral (Fuzzy PI)
control design for a 1.5 MW horizontal axis
wind turbine. Design of the proposed Fuzzy PI
control algorithm is achieved by tuning with the
Ziegler-Nichols approach at low and nominal
wind speeds. The fuzzy section selects the
desired PI gains according to wind speed with a
smooth  control  transition by  using
MATLAB/SIMULINK.

Umesh Kumar Soni " presented a (PID)
control of pitch angle of rotor blades with an
internal pitch loop. That is investigated for
different reference value of rpm and wind speeds
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ranging from 6-12 m/s .The model is simulated
using MATLAB/SIMULINK.
Hamed Habibi "' proposed an adaptive fuzzy
controller that is employed in full load operation.
Here in this work, a scheme to control the
designed WT system dedicated to operating in
Nyala region is proposed. This scheme consists
of a PID controller aided with a fuzzy logic one.
A. Wind Data Analysis and Parameters
Extraction
According to data collected from Nyala area for
the wind speeds, which recorded during the
specified period as given in table 1, it is found
that the mean value of wind speed is equal 7m/s.

TABLE 1: REPRESENTS THE AVERAGE OF WIND
SPEEDS THREE TIMES MONTHLY FOR 8 MONTHS

Mean of wind speeds m/s
Months Beginning Mid End
JANUARY 11.755 10.754 9.922
FEBRAURY 8.512 8.950 9.898
MARCH 7.700 9.030 6.200
ABRIL 7.521 8.790 6.090
MAY 5.940 6.730 6.210
JUNE 3.690 5.570 5.100
JULY 3.500 6.710 5.400
AUGUST 3.850 6.400 3.830

u=1/n Y, ui(1)
o =—¥0 (-1
where:
n: number of measured values
u : Average or arithmetic mean
u;: A set of measured wind speeds
o: The standard deviation.

Depending on equation (1) and equation (2) for
the arithmetic mean and standard deviation
respectively, the mean speed is found to be 7 m/s
and the standard deviation is 2.312.

B. Design Procedure of Wind turbine

It is well known in the literature that, the
speeds of wind in most areas of the world fit the
probability density function of Weibull % > 2>
51 gives evidence that the distribution of wind
speeds in Sudan is also comply with the Weibull
distribution. See Figure 1
The processof selecting the suitable wind turbine
parameters depends on two parameters according
to the Weibull distribution which is given by:

k
K k-1 [o(u
w=4) L0 o
Where: ¢ and k are the scale parameter and the
shape parameter respectively. The scale

parameter is directly proportional to the mean of
wind speed.

c = 1.12T4) o
k = (%) ' (5)

u
The maximum energy obtained from any one

wind speed is :

1
Whax = 3 pAu?nef(ume)(8760) (6)
The Rated wind speed is equal :
K2y 17K
Ume = (52) m/s @)

Weibull density function f(u)

i . . . . .
0 8 10 12
wind speed (u) m/s

Figure 1:Weibull density function f(u)

We determine the rated wind speed u,, at which
both the wind turbine and the generator can
operate at their maximum efficiencies. This wind
speed would be somewhere between the cut-in
and rated wind speeds of the turbine so the
generator can operate around its maximum
[ell;ficiency point for a good range of wind speeds

TABLE 2: THE SUMMARY OF ALL PARAMETERS

OF WEIBULL FUNCTION
Parameter The value
Average of wind speed m/s 7
Standart devision 2.312
Scale factor 7.84
Shape factor 3.33
Rated wind speed m/s 9

C. Wind Energy Conversion System and
Control

Figure 2 shows the block diagram for the
proposed Wind Energy Conversion System
(WECS) with fuzzy-PID controller. The
proposed WECS unit consists of PMSG which is
connected to uncontrolled rectifier. The dc-dc
boost converter is used to catch the maximum
power from the wind. The fuzzy-PID is
exploited as MPPT controller. In the fuzzy
controller one input is given which manipulates
the error between the actual rotor speed and the
estimated speed.
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The output of the fuzzy-PID controller is
connected to PWM generator which generates
pulses with variable duty cycle and constant
frequency to control the boost converter. The
Voltage Source Inverter (VSI) is controlled only
using PWM generator to obtain output AC
voltage with constant amplitude and frequency
depending on the setting of PWM generator. The
proposed system is designed and simulated in the
MATLAB/SIMULINK.

-

T ’_' DD-PMSG | ACI’DC - D5/ Boost - —
—_— x Rectifier converter |

Load

/Grid

Wind U i 1 |

..... inverter -
controller controller

Fuzzy-PID controller[MPPT] ~ PWM Generator

Figure 2: block diagram of proposed system

D. Model of the Wind Turbine
The tip speed ratio A is defined as the ratio
between the speed of the tips of the blades of a

wind turbine and the speed of the wind ',
wmR

A= 3
Where:
Wy, 18 the angular velocity of the rotor
R: the rotor radius (blade length).
V :The wind speed.
The area covered by the blades is given by:
A=m.R? )
The power in the air can be computed as
Py=3p.A.V3 (10)

p = Air density
The power extracted from the wind is given by:

Ppigea = Cp-Py (11)
Potaea=7 Cp-p- A .V (12)
The rotor torque T,,can be computed as:
Pplaed %Cp'p'A Ve
T = Om = om (13)

The power coefficient Cp can be defined as a
function of the tip-speed ratio and the blade pitch
angle as follows:

1 —Cg =
Cp= C.[C, =GB = B~ Cs|e
(14)
Where: £ is apitch angle
With y defined as:
1 1 0.035 (15)

Y r40088 148
According to mathematical equations of wind
turbine (8-15) , and using parameters given in
Table 3 we can get the curves that describe the

behavior of power coefficient vs. tip-speed ratio
for the WT, as depicted in Figure 3,4, and 5.

TABLE 3: THE WIND TURBINE PARAMETERS
USED FOR THE PROPOSED SYSTEM

Parameters Values
Rotor radius, R 28 m
Air density, p 1.225 kg/m3

Aerodynamic
coefficients, c1-c6

C1=0.5, C2=1 16, C3=0.4,
C4=0, C5=5, C6=21

the angular velocity

of the rotor w,, 2.25 rad’s
Rotation speed 24.4 rpm
Cut-in wind speed 3 m/s
Rated wind speed 9m/s
Cut-out wind speed 22 m/s

0.5

tip speed ratio (lamda)
Figure 3: power coefficient Cp and tip speed
ratio

E. DC/DC Boost- converter
The DC-to-DC converters are often used in
regulated switch-mode dc power supplies and in
dc motor drives applications. Frequently, the
input to this converter is an unregulated dc
voltage which can be obtained by rectifying an
AC voltage source. This unregulated voltage will
fluctuate due to changes in the line.

torque N.m

Rotational speed rad/s

Figure 4: Torque(N) and rotationl speed (rad/s)
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Figure 5:Mechanical power (W) vs. tip - speed
ratio A

In order to control this unregulated dc voltage
into a regulated DC output we need to use a DC-
to-DC. In this model, the boost converter has
been controlled to yield constant output DC
voltage level, Vdc2 by varying the duty cycle, D
in response to variations in Vdcl. Figure 6
shows the components of Boost-converter that
represented by the MOSFET transistor or
IGBT/diode, diode, inductor (L) and capacitor
(C). The design of this DC/DC converter depend
on the chosen values of the (L and C) and
operating frequency of the transistor "*'.
The relation between the input and output
voltage and currents of the boost converter is
expressed by the following equations

(16)
(17)

Vacz = 75, Ve
lgcz = (1 = D)lgc

where D is " on " mode connection of duty cycle.
The inductor L, is selected using “5],

Vo*Ts Vi(max)

> (18)
2#locrity  Vo—Vipmax)
Where:
Lt Lac Tae2
p— YV [+
Vet o _— Vi
W

Figure 6: Boost (DC-DC) converter

V,: is output voltage of the boost converter

Ts: is time of duty cycle for control signal.
Vi(max): is maximum of the input voltage.
Io(criry: is minimum output current that required

for system of Continues Conduction Mode.
Al
Io(crit) =5
Alhas ratio between (10% -30%).

The capacitor C is selected according to

(19)

[15]

C IO(max)*Dmax

= FeAV, (20)
1-D
IO(max) =7 Iin(max) (21)
—_ Vo
Dimax = Vo+Vi(min) 22)

lo(max)(A) is maximum of output current for
boost-converter. Dp,x 1S maximum ratio of
transistor connection. AVy(V)is taken value
(1%) . In this work the value of DC-voltage
across terminal of boost-converter is (620 V).
Io(crityis (1.2A) for Al 30% of input current,

Ts is 1/300Hs (0.33ms),Ig(max)is (8.5A) ,
Diax i 0.7 for Vimin) (80V) .

F. Filter design

The capacitor and inductor values are calculated
according to following equations [24]

__Va
Ly = 4 for (23)
Ad
Cr = 8xfoAVg 24

where: V; (V) is DC input voltage for inverter .
Ai(A) is taken ratio between (10%-20%).
fs(Hz)is working frequency for inverter .
AV, (V)is taken ratio 1%.

In this work the value of DC-voltage across
terminal of boost-converter is (620 V). Input
current to inverter is (6 A), Ai is 20% of
inputcurrent(1.2A).

fs is (2000 Hz)and AV, is (6.2V).

G. Boost-converter controller
Generator speed of PMSG can be estimated by
measuring the average output voltage V4 and
current Iy of the uncontrolled bridge rectifier and
by knowing the parameters of selected PMSG to
operate with the WT, which are given in Table 5.
The relation among generator speed, PMSG
parameters, V4 and Iy is governed by the
following equation "',

211V 4+2Rsl )
3T‘Ekm_gl‘sl‘d]
Where: w, is the generator speed in (rad/second).
The generator speed (w,) equal rotational speed

(w,) where there is no gearbox between wind
turbine and PMSG.

H. PID Controller design

A typical structure of a PID control system is
shown in Figure 7, where it can be seen that in a
PID controller, the error signal e(t) is used to
generate the proportional, integral, and
derivative actions, with the resulting signals
weighted and summed to form the control signal
u(t) applied to the plant model. A mathematical

W, = (25)

60[
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description of PID controller is given by
following equation:

u(t) = K, [e(t)+ - [3 e(r)dr + T, 2

(26)
Where:u (t) is the input signal to the plant model,
the error signal e(t) is defined as e(t) = r(t) — y(t),
and r(t) is the reference input signal[17].

disturbance d(t)

ment

Figure 7: A typical PID control structure.

To adjust the output voltage of boost converter at
desired value whatever the load changed, the
PID controller is proposed to achieve this task.
To design and find controller parameters (Kp,Ki
and Kd), the following steps are followed :
A -find the transfers function for the output and
the input of the boost-converter by using
kerichoff's laws for current and voltage, and
apply the Laplace transform

Vin DT > (Vo B in)(1=D)T (26)

o

(28)

Vin 1-D
The boost converter operation can be divided
into two periods; one of them when the switch is
“on”, and the other when it is “off™:
In the “on” period the inductor current is

o htg Vin (29)
And the capacitor Voltage is:
V. = Vg = 0(30)
In the “off” period the inductor current is
diy _ Ry 1Dy 1y
E_LIL LVC+LVm
(31) And the capacitor voltage is:
dv. _1-D, 1
at ~ ¢ L gc'in (52)
Ve=Vo (33)

Where:ij, is current through the inductor, V. is
voltage across the capacitor, Vi, is DC input
voltage and V, is DC output voltage [16].

The above equations can be rewritten in state
space, during 'on' state as:

Xx=A;x+BVi,; V, =0 (34)
During “off” state time:
X = Azx + B2Vin: Vo = q2x (35)

Where:

dl.l
dVC

._;

-R 1-D

L L . _ _

1-p 1 [;B2=B;=
C RC

Then from the Equations (34) and (36)

Vo(S) M
= 7
Vin(s)  1+SE+S2LC 37)
1
M=— (33)
Vo(S) 3.33
Vin(s) _ 1+0.098+1035+0.01078+10352
(39)
15 T T T T T T T
| | | | | | | |
M o
\ | | | |
il \v
N H M HHH\‘\ \H\ T —
'l ikl L ‘*‘w““ww.»”w (T
< | )
il \l\ \l\‘ 777777
Rl “HH ‘ A
‘ \ I I I I I
{ | | | | | |
| | | | | |
' \ | | | | | |
‘ | | | | | | |
% o 5 5 : b 5

0 200 250 300 350 400

Figure 8: the step response of transfer function

B - Apply the Routh rule for stability in order to
calculate the gains of PID-controller, depending
on Ziegler-Nichols table for PID-controller
design

oo

K, = (40)
0.014
Ty = D (41)
where: K_,is critical gain . T,,is critical time .
Dis "on" time rate for connection . Dis "off" time

rate for connection.
TABLE 4: PARAMETERS OF PID CONTROLLER.

Parameters
Controller type -
Kp Ki Kd
PID 1.398 | 0.02333 | 0.0056

Figure 9: the step response of transfer function
using PID controller

1. Fuzzy logic controller

The Concept of Fuzzy Logic was introduced by
Lotfi Zadeh (1965), and its mathematical
modeling which is deals with uncertainty. It
offers an important concept of soft computing
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with words. It provides technique which deals
with imprecision. The fuzzy theory provides
mechanism for representation of linguistic terms
such as “many,” “low,” “medium,” “often,”
“few.” In general, the fuzzy logic provide an
inference structure that enable appropriate
human reasoning capabilities.

Fuzzy logic systems are suitable for approximate
reasoning. Fuzzy logic systems have faster and
smoother response than conventional systems
and control complexity is less. The fuzzy
inference system combines fuzzy IF-THEN
rules for mapping from fuzzy sets in the input
space X to the output space Y based on fuzzy
logic principle.

In fuzzy logic, knowledge representation, fuzzy
IF-THEN rule is a technique for capturing
knowledge that involve imprecision. The main
feature of reasoning using fuzzy rules is its
partial matching capability, an inference to be
made from fuzzy rule even when the rule’s
conditions are partially satisfied. Block diagram

of fuzzy logic controller is shown in Figure 10
[18]

( Rule Base

[nput

i Outont
» Fuzzification || DecisionMaking F_.{ Defuzzification | -

” !

Data Base FIS

|

Figure 10: Block diagram fuzzy control system

FLC consists of three components namely
fuzzification, fuzzy inference system and
defuzzification. In general a fuzzy set issued to
express a fuzzy variable which isdefined by a
membership function. The values of membership
function vary between 0 and 1. At the heart of
the fuzzy rule base are the IF-THEN rules.

Fuzzification: it is the process of convert input
data into suitable linguistic values. Convert crisp
facts into fuzzy sets described by linguistic
expressions. Membership functions are
triangle shaped, trapezoidal shaped. There are
two fuzzification methods which are used
mostly, Mamdani and Sugeno. Plots of
membership function for input error and output
shown in Figure 11 and Figure 12 respectively.

Membership function plots  Plot points: 181

B SN Z SP

-50 -40 -20 0 20 40 60

input variable "input1”

Figure 11: Plot of membership function for input

error
Membership function plotz  Plot points: 181
N SN z ap P

output wariable "output1”

Figure 12: Plot of membership function for
output

Fuzzy Inference System: The fuzzy IF-THEN
rule expresses a fuzzy implication relation
between the fuzzy sets of the premise and the
fuzzy sets of the conclusion. The rules IF part
describes situation for which rules are designed
and THEN part describes the response of fuzzy
system. For example. IF the Error is N THEN
Duty Cycle is Z.

1. 1f (inputt is N) then (output1 is N) (1) ~
(2. 1f (input1 is SN) then (output! is SN) (1)
3. If (input is P then (output is P} (1)
4 1f (input! is SP) then (output? is SP) (1}
S. If (input is Z) then (output! is Z) (1)
v
Ir Then
input is output1 is
~ H
SN
o
z
SP
& none
[ not [ ot
- Connection Weight
Oor
® and 1 Delete rule Add rule Change rule <>
‘ FIS Name: WIND Help | Close ”

Figure 13: Rules for fuzzy Inference system

Defuzzification: To obtain crisp output various
defuzzification methods can be used e.g., center
of gravity, bisector of area, mean of maximum,
Adaptive  integration,  Fuzzy  clustering
defuzzification, First of maximum, Last of
maximum, Semi-linear Defuzzification, Quality
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method, Middle of maximum. To obtain a crisp
numerical output value """,

J. Simulation Results
To study the control of wind turbine system, the
system in Figure 14 is built in Simulink
environment. The proposed system is divided
into several parts:

¢  Wind turbine with DD-PMSG.

e Converters (AC/DC-diode rectifier,
DC/DC- Boost converter, DC/AC-
Inverter).

e Filter to eliminate the harmonic from
voltage and current wave.

e Load.

e Control of duty cycle that is generated
from PWM Generator which takes output
signal from (Fuzzy or fuzzy- PID
controller as MPPT controller) to represent
input signal to the IGBT/diode.

The investigation of the control scheme of the
wind turbine system of variable speed is carried
out using MATLAB/Simulink environment. The
system in Figure 14 is modeled and simulated in
the MATLAB software with the parameters
given in Table 5.

&

pitch angle

_—

Three-Phase
V-I Measurement

— ]

To Workspace1

Three Phase
rallel RLC Load1

%

Figure 14: All components of proposed system

The operational conditions for controlling the
proposed WECS include: (i) operation without
controller, (ii) operation with controller.

I Operational without control

The simulation of the system in Figure 14 is first
run without control. Figure 15 shows the DC
voltage at the terminal of Boost- converter
without input signal to IGBT/diode. We note,
there is variable DC voltage with large variation
(400-900) which is given also variable AC
voltage at the terminal of the load/grid with
the same variation as in Figure 15 and Figure 16.

DC link voltage V/

Figure 15: DC Link Voltage at terminal boost-
converter for variable wind speeds

i i i
| | phase A |
| | |
I I (

phase B ||
phase C ||

'
|
|
|
I

' r

AC voltage V

i

Nr i M‘ j

———————— et -

I \ I I I

I I | | |

2 4 6 8 10 12 14
time ms

Figure 16: AC Voltage after filter for variable
wind speeds (6 — 11 m/s)

TABLE 5: SHOWS THE PARAMETERS OF PMSG

AND FILTER ARE APPLIED IN
MATLAB/SIMULINK

Component Parameter Value

Type

Stator phase 0.001756

Direct resistance Rs ohm

Drive Inductance Ld 0.1985mH

PMSG Inductance Lq 0.1985mH
Parameters Voltage Constant 5KV

(V_peak L-L / krpm)
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Rated power 0.5 MW
Inertia J 0.008%2
m
friction factor 0.0001
N.m.s
pole pairs 128
Filter The inductor 54mH.
The capacitor 14.5uF.
Nominal phase-to-
Load phase voltage a5V
parameters Nominal frequency 50 Hz
Active power P 600 W
DC link voltage 620 V
DC link The inductorof 98mH
boost-converter
parameters -
The capacitor of
0.11mF
boost-converter

II Operational with control

The system in Figure 14 is operated in operation
condition withcontrolusing fuzzy logic controller
and fuzzy-PID controller connected with PWM
generator to generate pulse with variable " on "
"off " period of duty cycle and constant
frequency to be input signal for transistor "
IGBT/diode ", this part of control represent as
MPPT controller to give constant DC voltage at
the terminal of Boost-converter as input DC
voltage for inverter this voltage must be
unaffected by changing in wind speeds. Figure
17 shows AC voltage generated from PMSG for
rated speed 9 m/s similarly AC current is shown
in Figure 18. Figure 19 shows the wave form of
unregulated voltage after rectification.

AC voltage (V)

Figure 17: AC Voltage from PMSG for rated
speed 9 m/s

AC current A
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Figure 18: AC Current from PMSG for rated
speed 9 m/s

Figure 19: Wave form of unregulated voltage
after rectification

Figure 20 shows DC voltage at terminal of
boost-converter for different wind speeds at
constant value using only fuzzy logic controller
but for the variable wind speeds is appeared in
Figure 21 which shows also DC voltage with
small variation(600-700V) which is undesirable
for specified value( 620 V).

Figure 22 shows DC voltage at terminal of
boost-converter for different wind speeds using
fuzzy-PID controller, Figure 23 shows constant
DC voltage with very small variation (600-
630V) for constant value 620 V, this variation is
considered acceptable compared to fuzzy logic
controller. Similarly this constant DC voltage
gives constant AC voltage 415V with constant
frequency 50Hz according to setting of PWM
generator for inverteras in Figure 25 which
shows constant AC voltage after filter at the load
terminal. Figure 24 shows Wave form of voltage
before filter and Figure 26 presents Pulse that is
generated from PWM generator.
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Figure 20: DC Voltage at terminal of boost-
converter for different wind speeds using
(FLC)
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Figure 21: DC Voltage at terminal of boost-
converter for variable wind speeds using
(FLC)

DG link voltage V

Figure 22: DC Voltage at terminal of boost-
converter for different wind speeds using fuzzy-
PID controller
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Figure 23: DC Voltage at terminal boost-
converter
for variable wind speeds
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Figure 25: Constant AC voltage after filter
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Figure 26: Pulse generated from PWM generator

Conclusion

The maximum power point can be tracked from
the wind using fuzzy-PID as MPPT controller to
control of duty cycle that is presented. The
maximum power is tracked based on rotor speed
of the wind generation system that represents in
error between actual rotor speed of generator and
estimated value of rotor speed depend on value
of DC current and voltage at the terminal of
boost-converter and parameters of PMSG. The
performance of fuzzy-PID controller is
bestcompared to fuzzy logic only. Possibility of
obtaining AC voltage with constant amplitude
and frequency at the load terminal for the
changing in the wind speeds.
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