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Abstract: Wind energy conversion system is achieved usingoutput and maximum power output for all wind speed

SEPIC Converter and Fuzzy logic controller. Presentg scheme
also provides the constant output power for the stad alone loads
like Island, Hills Stations, Ships and Remote locans etc. A
fuzzy-logic controller based Wind energy conversiosystem with
permanent magnet synchronous machine is simulated sing
MATLAB Simulink. The controller provides the constant output
voltage in SEPIC Converter with the wind fluctuatiors. The
SPWM based inverter can be used to produce the cdast
output voltage with constant frequency. Also a thinand light
weight Lithium lon Polymer Batteries provides the errgy back
to the Wind energy conversion system , when the winspeed
decreases below the base wind velocity. Simulaticesults are
provided to demonstrate the validity of the proposd fuzzy-logic-
based controller and comply with the theoretical reults. The
performance of the system is compared using variowntrollers.

Key Words — Fuzzy Logic Controller , Sinusoidal pulse width rodulation ,
Wind energy conversion .

| INTRODUCTION

Wind energy wins the energy demand, toxic gases ptioadyic
pollution and difficulty in distribution of electrity to isolated
places (Hill Stations, Ship etc...). The lessnteiance and
space offered by wind energy are the most kactors
for receiving vast global attention. Due to ihereasing
demand on electrical energy, a significant amotireffort is
being made to generate electricity from harmlesewable
energy sources. The villages are not fulfillingwilectricity,
some of them are isolated with transmission anttilligion
network. Only way to utilize the power supply isings
renewable energy sources. Well popular renewabtrggn
sources are wind energy and solar energy. Windggreas a
lower installation cost and occupies less spacepeoet to

conditions [1] —[3]. In the wind turbine system,awypes of
power generations like fixed speed and Variabledpsmwer
generations are used [4]. Instead of fixed speedepo
generation, variable speed power generation is ipogtilar.
Energy captured by variable speed power generaibigher
than the fixed speed power generation. There waagious
kinds of generators used in WECS such as instuct
generator (IG), doubly fed induction generator KBF and
permanent magnet synchronous generator (PMSG)Hie
PMSG based on WECS can connect to the turbine
without using gearbox. The need of gearbox desadhe
weight of nacelle PMSG has the more attention beeaf
small in size, low installation cost and also direiven
machine. Hence PMSG works at low speed without
decreasing the efficiency, thus usage of gear bax le
avoided [6] — [7]. The Buck or Boost converters ased to
give the Variable DC Voltage. The controller is dige give
the constant DC voltage for charging the Batteiy{{8].

In the present method the buck, boost convertersegplaced
by SEPIC converter to give efficient output. Theridal lead
acid batteries are exchanged by Lithium lon Polybagteries.
SPWM based inverter gives the smooth variationaalbj,

WECS is simulated for different wind speeds witlffedtent

controllers [12]-[13] and the outputs are obtained.

Il M ODELING OF WECS

The configuration of wind energy conversion systesm
shown in Fig 1. Wind turbine converts kinetic eneqf the
wind’s motion to mechanical energy transmitted by shaft
then it is converted in to an electrical energyngsPMSG.

the solar energy. The wind energy system means ithatrhe PMSG generates the three phase AC supply, veigiam

converts kinetic energy (wind energy) in to mechahéenergy
and then to electrical energy. In this system,vtivel velocity
decides the output power. Due to the variationswind

velocity , it is difficult to maintain the turbineith constant

converted in to DC supply using Diode rectifier.eTSEPIC
converter used to produce the controlled DC giventhe
SPWM inverter as an input and also charges theryaff he
three phase SPWM inverter converts the controll8iflein to
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controllable AC and it is given to the local dibtrior
networks or stand alone load. P, PI, PID and Fuzzgic
controllers are used to ensure the constant outptage[14].

Wind Speed
—Pp Vrae | Cuk Vee [svPwm

— Converte

i T 30
Wind | Sl pmse

—ppt Load

Turbine

FLC

Fig .1. Configuration of PMSG Based WECS
A. Wind Turbine Model

According to Newton’s second law of motion

F=ma Q)
where,

a=acceleration constant

m=mass

F=force
Thus the kinetic energy becomes,

E= mas (2)
From kinematics of solid motion, v2=u2+2as
a=v2-u?/2s assume u=0

a=v?/2s 3)
Substitute (3) in (2)

E=Y2(mv?) (4)

The power can be obtained by the rate of changeanatic
energy

dE m
=" E) V2 (5)
Consider
T=gpvo (6)
Substitute (6) in (5),
P=YpAvwm? @)
Actual mechanical power
Po=Y2pAv,, (V&-Vs) (8)

Mass flow rate,
PAV, = pA((VitVe)/2)
Equation (8) becomes,
po =AY, *Ve?).(Vi+Va)/2)
=VpA [Z(vved) + 2w, )]
=18A (0.5(v3)-0.5(4v?) +0.5(2vg)-0.5(v2))
=YpAv,? (0.5(1-F2 +2(2y)

U vu
Po=Y2pAv 2, 9)
C, -betz limit
= (0.5(1£5)(1-) »)

A=z o1

vu
A=blade tip speed/wind speed
Blade tip speed (m/s) =Angular speed of turbine*Rivind
speed (1)
Substitute (10) in (A)

Co= 0.5(14)(1-4?) (12)

To attain the maximum value of eve have to differentiate, c
with respect toX’
Then,
Z20.5((1)(-2)+(143)(1))
=0.5(1-2-3)\?)
The roots of theX’ are,

A=-1&0.33 0r 1/3
From equation (4),

Where,

M=pAV  t=prr2vyt
p=air density
A=swept area of the wind turbine rotor
r=radius of the wind turbine rotor
Substitute (13) in (4)

E=0.50mr%v,t) (14)
Expression (14) is the actual wind power. At angtamt of
time can be written as,

Puini=E/t=0.50172v>)
P.ing=potentially available power in the wind

From equation (15), It is observed that the wind
power is proportional to the cube of the wind spegHich
means that a small increase in of the wind spedidesiult in
a large increase of the wind power.

Moreover the power can also be increased by
enlarging the wind turbine rotor radius, since fgwwer is
proportional to the square of this rotor radius.

This is the reason that more and more large scale
wind turbine system (up to 10MW) are being investigl and
contemplated nowadays.

The relationship between the power that is capture

by the wind turbine and potential maximum powethi@ wind
can be written as,

(13)

(15)

:P turbine

Pwind

(16)

C,is the aerodynamic power coefficient which is action of
the pitch anglgs and the tip speed ratio. Sincep andA are
constant parameters, the wind turbine can produmeémum
power at a certain wind speed only when the turbiperates
at the maximunC,. A generic equation is used to expr€s
is based on the turbine characteristics as in F&j 2

Cz —Cs
C,(A,B) =G, (F—C3B—C4>e ©+CA (17)
11 0035
With @ A+0.08p  p3+1 (18)
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wherep is blade pitch angle, andis defined by,

2= LmR 19
= (19
Ais the tip speed ratiow,, is an angular speed of the wind
turbine and C1 — C6 are the coefficients. Now tloever

captured by the wind turbine,

Fig. 3. Equivalent circuit of PMSG

L 3 V=R g+Ls (diy/dt)-wel ol (25)
Praroine = 5=y (A F)V (20)  VERJtLs (dlydt)-we (Lalathm) (26)

Torque equation can be derived from the power lalan
equation. The power is given as,

B=3/2(Vdl4+Vlg) (27)

S .
oAl ! Sub eqn (25) and (26) in (27)
bt | R S SN Pe=3/2(Rl ¢+Rdl )+3/2(d/dtLy(14)7/2+d/dtL(1 ) /2)
S OB N +3/2(ddl0kglo) (28)
oL ‘ : : S - *  3/2(Rl¢+Rdg) =Power loss in the conductor.
6o 2 4 6. 8710 12 «  3/2(dldtly (1) ¥2+d/dtL, (15 ¥2) =Rate of change of
Fig .2. Characteristics BMG,and A stored energy in magnetic field.
In thisV, is the turbine angular velocity amis the *  32(@d ¢megle) = Conversion of electrical energy
turbine radius. In small wind turbine generatiosteyns,p is to mechanical energy.

rarely changed. The power output from the generator shaft mustdumlewith

electro mechanical power.

B. PMSG RzTe
consisis of two, & namely direct axs and quaneaEXi P=3120.d0d) @9)
respectively The quadrature axis rotates ahead 3GtHegree Where
to the direct axis. oeNumber of pole pairsw,
O O (30)
The voltage across the direct axis is given by, Sub eqn (23) and (24) in (29),
Vi=Rd ¢+ d/dBg-whq 1) F3/2m¢ [Laldlgtimlg-Lglgldl
The voltage across the quadrature axis is given by,
V=R +d/db.Fodg 22) F3/2we [Amlqt (Ld-Lg)lgld] (31)
Where, Sub egn (10) in (11)
2=Lal gt 23) F3/20, [Amlg+ (La-Lg) lgldl (32)
Ag=Lglq (24) o _
Sub eqn (23) and (24) in (21) and (22 Synchronous. Generator (PMSC)I the. PMSG. is. surface
The dq axis inductance is given by, mounted permanent magnet, theg=lL, then the torque
dELg=Ls _ equation becomes,
,. E 5 e FE3/200lq
M Mechanical equation
& T+ B o +Jd/dtony,
d C J=Moment of inertia

B=Viscous friction
T=Load torque
T=Electromagnetic torque

om=Mechanical angular velocity.

+

v
o &
e
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C. Diode rectifier

The rectifier circuit employs the three phase diode

A buck-boost converter circuit is a combinationttod

bridge in Fig 4 . The impedance of supply lineassumed to buck converter topology and a boost converter twgplin

be low and it is neglected. A distorted three phaskage
system supplies the rectifier with a balanced input

NS
e @)=
-

Ve

AR

Fig. 4. Three phase diode rectifier

cascade. The output to input conversion ratioge al product

of ratios in buck converter and the boost conveifte output
voltage is controlled by controlling the switch-dutycle.
[22]-[24]. Buck — boost converter is shown in thig.F6. DC
voltage V.. , may be greater than or less than the input
voltage. The output voltagegdand output currert.are given

as

k
Vac = Evrec (34)

However, this does not account for losses due to
parasitic elements such as the diode drop VD

The PMSG output is then rectified by means of three

phase rectifier whose output voltage can be gigen a

3V2

Viec = p Vims (33)

D. SEPIC Converter

All dc-dc converters operate by rapidly turning amd off
a MOSFET, generally with a high frequency pulse.aivithe
converter does as a result of this is what makesSBPIC
converter superior. For the SEPIC, when the pud@gh/the
MOSFET is on, inductor 1 is charged by the inputage and
inductor 2 is charged by capacitor 1. The diodefisand the
output is maintained by capacitor 2. When the piddew/the
MOSFET is off, the inductors output through thed#ido the
load and the capacitors are charged. The greater
percentage of time (duty cycle) the pulse is lowe greater
the output will be. This is because the longer itiductors
charge, the greater their voltage will be. Howeifahe pulse
lasts too long, the capacitors will not be ableharge and the
converter will fail as shown in Fig 5.

Switch Closed
Pulse high "-T

vy
—
e<

Switch open
Pulse low v,,T

Fig .5 . Circuit Diagram of SEPIC Converter

The amount that the SEPIC converters step up
down the voltage depends primarily on the Duty €ytd the
parasitic elements in the circuit. The output ofideal SEPIC
converter is

These make the equation:

Vac +Vp = Viec

1-k
(35)

Where kis the duty ratio. To achieve continuous
current the inductor is properly chosen and inafudeolarity
of Vg is opposite to that of input voltage as “k” chasge
between 0 and 1.

To get constant DC output voltage, the value &fih the
converter is varied with difference in the referenautput
y ltage and actual output voltage at various wipdesl. As
the losses are eliminated, the SEPIC converter taiag the
constant power like other DC converters. The consBC
voltage for the three phase SPWM inverter is predidly the
combination of SEPIC converter with the voltagetooinoop
[9].The SEPIC converter along with the voltage cointoop
maintains a constant DC voltage to the three-plsAgeWM
inverter.

E. Three phase inverter

Instead of, maintaining the uniform width alf pulses,
the width of each pulse is varied in proportion tte
amplitude of a sine wave. The distortion factor doder
order harmonics are reduced significantly. Thergpsignals
are generated by comparing a sinusoidal referegoalswith
a triangular carrier wave of frequency fc. The nlatan
index, m, is given by

_ Vcontrol

or =
Vtri

(36)
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voltage and changing error voltage and then conspthe

duty ratio to the switch to control action
Where Montol iS the peak amplitude of control

In fuzzy logic controller design, action of idet#tion of the
main control variables and action of sets thatcdes the
values of each linguistic variable is very impottaithe
specific structure of the FLC is shown in Fig.7.eTimput

Il FUZZY LOGIC CONTROLLER
Fuzzy Logic Controller (FLC) is designed as ay'ariables of the FLC are the output voltage ere@n), and the

alternative to conventional control methods dive better change of this errone(n). The output of the FLC is the duty
solution of complex systems. The fuzzy logic colerois cycle of the,8(n), that regulates the output voltage. Figs. 8 -
created with following steps, first step is defimit of input 10 shows the membership functions Of_ the inputs autd.ut
and output variables , second step is decisiokingaof of th.e Buck Boost Converter. The -trlangular m_e ' ors
fuzzy control rules. After that, fuzzy logic @Ence is functions are used for the FLC for easier compoitatA five-
made. Finally, defuzzification and aggregationmiade. The term fuzzy set, Negative Big (NB), Negative Smal§), Zero

overall control scheme of the proposed system @wvahin (ZE). Positive Small (PS), Positive Big (PB), isfided to
Fig. 7 [25] —[27] describe each linguistic variable.

fs

n:':/‘1

(37)
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Fig 8: Membership function of INPUT 1 (error)
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Fig .6 .: Functional Block Diagram of FLC
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A fuzzy variable has values which are defined Imguiistic
variables (fuzzy sets or subsets) such as low, unedhigh,
big, slow, etc. Each fuzzy set is defined by a gedl¢ varying
membership function. The shape of fuzzy sets can
triangular, trapezoidal, etc

Fig9: Membership function of INPUT 2 (Change inog)r

NB NS re

A fuzzy control essentially embeds the intuitiondan™
experience of a human operator. The data basehendites

form the knowledge base which is used to obtairirifezence ° e R
relation R. The data base contains a descriptianpout and
output variables using fuzzy sets. The rules basssentially

the control strategy of the system. It is usualtyained from e fuzzy rules of the proposed Buck Boost DC-D@vester
expert knowledge or heuristics containing a coitectof .5, pe represented in a symmetric form, as showABLE
fuzzy conditional statements expressed as a st#-0HEN | The Mamdani fuzzy inference method is used foe t
rules, such as: proposed FLC, where the maximum of minimum compmsit
technique is used for the inference and the ceaftgravity
method is used for the defuzzification process. sThihe
membership function in Fig. 10 is guaranteed tadpoe the
stable output signal. The design of the focused Ibezship
function values depends on the nature of the sighhe

Fig10: Membership function of OUPUT

RY:1fx, isF,and x, is F» ...and x, isF, THEN Y is G, i=1.....m
where X :( %,Xo........ X, ) is the input variables vector , Y is

the control variable, m is the number of rules,is the

nutmbelz ofﬂ:uzzy vana:alesl,) (1'|F2"f """ P t) lare tt;'e ffuzzy control signal value is confined between -1 andving to the
sets. Forthe g|yen rules base ot a contro .sy,s EUZZY b\wWM carrier wave. The input signal values are betwel
controller determines the rule base to be firedtha error .

and 1 because of the error signal, resultant ftoedifference
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between output signal and the desired referenaelsiglso, Fig. 11. Simulated output of wind speed as steptinp

most of error values are centered from -0.2 to ORe _
Table Il comparison of controllers

sharpness of the control signal is very essertiatinimizing
the error signal to zero in short time, therefatee pulse Parameters Pl PID | FLC
membership function is used to configure the cdrdignal Rise Time in sec 0.127! 0.076 | 0.0556
fuzzy sets. Peak Voltage in volt | 440 | 455 | 440
Table | Fuzzy Rules Peak Time in sec 0.128| 0.077 | 0.056
e(n)/Ae(n). NB NS ZE PS PB Settling Time in sec 0.14 |01 0.059
Max Peak Overshoot | 25 40 25
NB NB NS NB PB PB :
Load side cannot be the constant output voltage and
NS NS ZE NB PS PB frequency. This problem can be rectified by intrcidg a
controller circuit at the SEPIC converter. WECStfoe closed
ZE NB NS ZE PS PB loop control is simulated with Pl , PID controlland FLC.
PS NB NB PS PS PS Buck Boost converter obtain constant output voltdge
controlling duty cycle of the chopper is shown igg15 -17.
PB NB NS PB PB PB Simulation circuit of WECS with PMSG using Fuzzydio
controller is shown in the Fig 12 . The output agk for Buck

Boost Converter and SPWM based inverter is showthén
Fig 18. The constant output voltage is obtainedhwit
IVRESULTS AND DISCUSIONS fluctuations in the wind side during period of 8:5..8secs .

L . After 1.8 sec, the wind speed becomes zero, novbdtiery
The Matlab-Simulink diagram of PMSG-based WECS Rcts as a source for the Inverter. Now the loadhgys

shown in fig 10.The sampling time used for the datian is  connected with constant voltage and frequency.
2 sec. The wind velocity of 12 m/s is taken as selspeed for

the period, fluctuations in the wind speed are naketween 4 2000
m/s — 15 m/s for the period of (0.5 — 1.8) secsS@vbased
WECS is simulated for open loop control and closaap
control using PI, PID and FLC. The PMSG generdkes
different level of voltages during the wind fluctions as
shown in Fig 13. Three phase diode rectifier preduthe

2000 i i |

corresponding DC voltages and it is connected arceowith 0 0.5 1 15 5
Buck-Boost converter. The buck boost convertemnisnected . '
with three phase inverter as well as energy stodagee. The

P oy Fig. 12. Output Voltage of PMSG

output voltages of PMSG, Three Phase diode Rectifie
SEPIC converter and Three phase inverter for diffemwind
speeds gets the variations for the correspondiraggds in
wind velocity as in Figs 13 and 14.

I

L 0 0.5 1 1.5 2

i — Fig. 13. Output Voltage of SEPIC Converter with Colfgro
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Fuzzy Logic Controler
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Fig. 15. Output Voltage of Inverter without cortro 0 0.5 1 1.5 2
Fig 18: Output Voltage of SEPIC Converter with FLC
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500
0 0.5 1 1.5 i

Fig 19: Output Voltage of Inverter with FLC

400 —

IV CONCLUSION
200

This paper illustrates a closed loop strategy of a
variable-speed wind energy conversion system cdadagith
grid .The obtained constant DC voltage from Bucko&o
converter, is fed as an input voltage to the irereat variable
wind speeds. FLC based converter gives the quiciaahyc
response, accurate control compared with convedtion
controllers as given in the table. SPWM can be edhario
control frequency of the AC output voltage. Ineenproduces
the constant output voltage for a Stand-Alone Winidren
PMSG. The Simulation is successfully done and dpep /
closed loop simulation results are presented. Tihaul8tion

Figl7: Output Voltage of SEPIC with PID Control
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results coincide with the theoretical results. utufe work the
battery will be connected with solar energy systenobtain
the hybrid renewable energy conversion system.
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