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The wind turbine is a tool used to convert wind energy into electrical energy. This research
applies the maximum power point tracking (MPPT) algorithm combined with the fuzzy
sliding mode control (FSMC) to produce maximum power in the wind turbine. Addition
of fuzzy logic algorithm to sliding mode control to reduce the chattering phenomenon
caused by the high switching frequency of the MOSFET in the boost converter. The
permanent magnet synchronous generator (PMSG) type of generator with a capacity of
600 watts is used to convert the mechanical energy of the turbine into electrical energy.
Tracing the maximum power value of the generator with the MPPT-FSMC algorithm in
this study based on the value of the generator output voltage, generator output current, and
converter output voltage obtained through simulations on MATLAB / SIMULINK.
Comparison of wind turbine performance using MPPT-FSMC and without MPPT is
shown as validation of improved wind turbine performance when using intelligent control
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1. INTRODUCTION

There are many sources of electrical energy, one of them is
wind turbine. Wind turbines are a renewable energy source
that is widely developed to meet the need for electrical energy,
especially in locations that have considerable wind energy
potential [1]. The wind turbine system consists of two main
parts, namely the blade and generator. The blade rotates based
on the wind speed and the pitch angle, while the generator
rotates to convert the mechanical energy from the blade into
electrical energy [2, 3]. The electrical energy generated by the
generator varies depending on the rotation speed (), the
structure of the wind turbine and the type of generator [4]. The
type of generator that is often used is the Permanent Magnet
Synchronous Generator (PMSG) [5].

Permanent Magnet Synchronous Generator (PMSG) is a
generator that can excite electrical power without external
magnetization [5], and can be used in large scale wind turbine
installations (high power) and small scale (low power) [6]. The
electrical power generated by PMSG is three-phase electrical
power, then rectified using a three-phase rectifier component,
resulting in DC electrical power [7-9]. DC electric power can
be controlled to produce maximum power using a boost
converter Generator Side Controller (GSC) [2, 10, 11] or it can
be called a Machine Side Controller (MSC) [12]. Generator
Side Control (GSC) is the part that is used to control the
voltage from the rectifier, so as to produce a stable DC voltage
in accordance with the load capacity. The important parts
contained in the GSC are the control algorithm and the
converter [13]. The converter is a component in the GSC
which functions to convert the value of input power to output
power with different values [14, 15]. The converter based on
its function is divided into 5, namely boost converter, buck
converter, buck - boost converter, cuk converter, and sepic
converter.
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Maximum Power Point Tracking (MPPT) is a control
algorithm used to extract the maximum power at each
rotational speed (rad/s) of the generator [2, 11, 16, 17]. The
maximum power extraction from the wind turbine generator
can be carried out effectively in zone II. There are 4 zones for
the wind turbine output power control strategy, namely zone |
has a very small wind speed to generate power, Zone II
generates power in the wind speed range between cut-in and
average, zone III shows the average power of the wind turbines,
and zone [V show the power of wind turbine has value 0 (Vcu-
off) [2]. The conventional MPPT algorithm is divided into 2,
namely Indirect Power Control (IPC) and Direct Power
Control (DPC) [2]. IPC is an MPPT algorithm that uses the
value of wind speed (Vwind) as the main parameter to adjust
the switching frequency of the converter, such as Tip Speed
Ratio (TSR), Optimum Torque (OT), and Power Signal
Feedback (PSF). While the DPC algorithm requires a wind
turbine rotation speed value as an input parameter for
controllers such as Perturb & Observe (P&O), such as Hill
Climb Search (HCS), and Optimum Relatio Based (ORB) [2].
The weakness of the two types of MPPT algorithm is that it
uses a lot of sensors that involve mechanical work such as
wind speed sensors and wind turbine rotation speed sensors,
so that it can reduce the efficiency of the measurement results.

This research combines intelligent control algorithms,
namely a fuzzy logic system with a sliding mode control at
maximum power point tracking (MPPT). The application of
the MPPT algorithm - fuzzy sliding mode control (FSMC) on
the wind energy conversion system (WECS) does not require
input data in the form of wind speed, rotation speed (rpm), and
torque values, but only uses voltage and current data generated
by the generator and voltage output of the boost converter as
input variable to MPPT block [16]. This can save the use of
sensors during the data retrieval process. This method can
track the maximum power in a shorter time, because the fuzzy
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- sliding mode control algorithm has the characteristics of
being able to overcome the fluctuation of the generator output
power through the control signal settings given to the
MOSFET to regulate the duty cycle.

2. SYSTEM CONFIGURATION OF WIND TURBINE

The sketch of the wind turbine system in this study is shown
in Figure 1 [14, 18, 19]. The wind turbine used is the Variable
Speed Wind Turbine (VSWT) type and has a total of 3 blades.
VSWT can be used in fluctuating wind conditions, because it
can adjust the rotation speed of the generator and wind speed.
The Permanent Magnet Synchronous Generator (PMSG) is
connected to the blade through the axle, allowing efficient
energy transfer from blade rotation. The ratio between the
electric power (AC) produced by PMSG and the mechanical
power of the turbine is called the power coefficient (Cp). The

Betz Limit theory explains that each wind turbine has a
maximum Cp value of 0.59. This shows that the maximum
value of energy from the blade that can be converted into
electric power is 59%. AC power (3 phases) from the generator
is converted into DC electricity through the diode rectifier
component so that it can be controlled using a boost converter
to achieve the Maximum Power Point (MPP). The load value
on the boost converter can affect the rotation speed of the
generator, because the greater the load value, the lower the
generator rotation speed (rpm), so that the DC electric power
that goes to the boost converter is also lower. The electrical
energy produced by the VSWT type wind turbine is greater
than the Fix Speed Wind Turbine (FSWT) type wind turbine,
but the level of stability is low [20]. This can be overcome by
manipulating the duty cycle value of the boost converter
through the Maximum Power Point Tracking (MPPT) control
algorithm [20].
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Figure 1. Wind turbine system configuration integrated with the MPPT - FSMC system

3. MATHEMATICAL MODEL OF WECS

The mathematical model of the wind energy conversion
system (WECS) is obtained based on the characteristics of
each component. The focus of mathematical modeling in this
study is to obtain an illustration of the dynamic characteristics

of the wind turbine system through Simulink / Matlab software.

The important parts of the wind turbine system are shown in
Figure 1, namely, the aerodynamic blade model, the turbine
mechanical model, the PMSG model, the MPPT algorithm
model, the boost converter model and the load [1, 4].

3.1 Modelling of aerodynamic system

The wind turbine aerodynamic system is obtained based on
the relationship between wind energy passing through the
blade with the energy absorbed by the blade to rotate the
generator. Wind turbine mechanical energy generated from
wind energy is written in the following equation [21-23].

1
Pm :E'pair-cp(ﬂ’aﬂ)'A'VwindS (1)
PW = %'pair -Cp(ﬂvvﬂ)'ﬂ-'Rz'Vwind3 (2)

where, Pw is the mechanical power of the wind turbine (Watt),
Pair is the density of air (kg / cm®), Vuing is the wind speed (m
/'s), Ris the radius of the blade (m), Cp is the power coefficient

86

of aerodynamics, [ is the pitch angle (degrees), and A is the tip
speed ratio (TSR) [1, 18, 24].

The power coefficients in the A and  domains are obtained
based on the following equation [25-27].

C -C
C,(4p) = Cl.(j—cs.ﬂ—CJ.exp( ; 5J+C6./1 3)

1 1 0,035
— - 4
A A4+0,088 L +1 )
where [18, 28, 29],
rQ
A=—- (5)
Vwind

C1=0,5176; C,=116; C3=0,4; C4=5; Cs=21; Cs =0,0068
[1, 14]. Egns. (1) to (5) can be used to determine the
relationship between the mechanical power of the wind turbine
and the wind turbine rotation speed shown by the graph plot in
Figure 2 [30, 31].

Figure 2 is a graph of the characteristics of the wind turbine
mechanical power (Watt) to the generator rotation speed (rad
/ s) at each wind speed value. The graph of the wind turbine
power is generated when the value is B (pitch degrees) from
wind turbine value at 0, so that there is no braking process or
all wind energy is converted into wind turbine mechanical
power.
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Figure 2. Characteristics of wind turbine mechanical power
to generator rotation speed

3.2 Modelling of mechanical system

The mechanical model of the wind turbine can be viewed
from the rotation of the wind turbine and generator rotors
connected through the axle / shaft, so that a linear value is
obtained between the two. The mathematical model of the 2
dynamic systems can be written as follows [1].

a'):(Tt—Tg -F,)/J (6)
o,V <V,
T, = kopta)21vci <V <V, (7)
Trat’Vrat <V <VCl

where, om is the angular velocity of the wind turbine shaft
(rad/s), Tt is the blade torque (Nm), Tg is the generator torque
(Nm), F is the viscous friction coefficient, V. is the wind
turbine cut-in speed (m/s), Vrawed iS wind turbine average speed
(m/s), and V¢ is the wind turbine cut-off speed (m/s) [1].

The wind turbine system with a PMSG type generator can
be connected without using a gear box, but only using
axles/shaft. The rotation of the generator is linear with the
rotation of the axle/shaft which has a torque value in
accordance with the ratio of the mechanical power to the
generator load [2, 5].

P 1 Viw
T,=—2==pzR"—C 8
Q) 2p Q. P ®
where,
Velocity

tj tj
[Pdt-[P dt=K.(n=n?) ©)

4 t;

2
J(Zj o
K __\60 (10)
2

where, J is inertia moment, Pi, and Po is input power and
output power of generator. Eq. (9) shows that wind turbine
power and generator input power always change with time in
a certain period. These changes depend on the generator
workload, if the generator workload has increased, the power
generated will also be even greater [22].

3.3 Modelling of PMSG

Permanent magnet synchronous generator (PMSG) has an
important part to excite electrical power, namely the rotor.
Mechanically, the rotor at PMSG has 2 important parts,
namely the direct (d) axis and the quadrature (q) axis [32]. The
3-phase AC voltage is generated by PMSG, each of which has
a difference of 120angles as shown in Figure 3 below [22,
32].
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Figure 3. Vector on 3 phase generator

The difference in the angle of the 3-phase voltage on the
stator which is denoted by the vectors a, b, ¢ can be converted

into alpha (o) and beta (B) vectors using Clark Transformation
[32].

2 1 1
V =2V -2V -2V 11
a ( a 2 b 2 cj ( )
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where, Va is the stator voltage in the alpha vector (o) and Vf3
is the stator voltage in the beta vector (). The voltages Vo and
VB excited by the generator are affected by the magnitude of
the electric angle (0e) at the stator [32].

Vv, -V,) (12)

9& = NP'gm (13)

where, Np is the number of poles on the generator, and 6m is
the mechanical angle of the rotor. The shift in the value of the
electric angle (Be) can cause a change in the value of the
voltage vector on the generator, so that a mathematical model
of the generator is obtained based on the stress vector on the q
(Vq) and d (Vd) axes using Park Transformation [32].

V, =V, cosf, +V,sind, (14)
V, =-V,sing, +V, cosd, (15)

Egns. (13) and (14) show that the value of the electric angle
(6e) affects the voltage generated by the generator. The voltage
vectors Vg and Vd as shown in Figure 3a have a phase
difference of 90 degrees, so that in equation 14 there is a minus
sign (-) which indicates the difference in direction between the
d axis and the q axis [32]. The voltage vectors Vq and Vd if
illustrated in the RL circuit are influenced by the value ®
(angular velocity) of the stator shown in Figure 4 below [15,
16, 32].
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Figure 4. The circuit RL of the voltage vector (a) d axis; (b)
g axis

The circuit in Figure 4 can be written in the form of a
mathematical model as in Eqns. (16) and (17) below [15, 32,
33].

dl
Vq=—I:2slq—Lq—tqJra)e(,//pm—a)eLdld (16)
dl,
Vd:_Rsld_LdE_i_wequq (17)

where, Rs is resistance of stator (Q2), Lq and Ld is stator
inductance on q axis and d axis (H), Id and Iq is current on d
axis and q axis (A), o. is electric angular velocity of stator
(rad/s) [34], ypm is permanent magnetic flux [15]. The
combination of the d and q axis components on the stator can
produce the electric power (Pe) value of the generator as
shown in the following equation [32],

Pezg(vqlq+vdld) (18)

while electromagnetic torque [35],

3(p
Tem=§(E)(wpm-lq+<td—Lqmlq) (19)

where, p is the number of pole pairs. Magnets are an important
part of the generator which is installed with the same size on
the surface of the rotor. This results in the value of Lq and Lq
being assumed to have the same value, so that the equation for
electromagnetic torque can be written as follows [15, 16].

T, =Py ol (20)

The electromagnetic torque (Te) of the generator is directly
proportional to the current generated by the stator, so that the
electromagnetic torque of the generator can be controlled by
varying the stator current (Is) [16, 36]. The p and ¥pm values
in Eq. (19) are variables that have a fixed value, while the
current in the stator will change according to the load on the
generator, so that Te (electromagnetic torque) is proportional
to Is (stator current) [16, 30].

Permanent magnet synchronous generator (PMSG) is
connected to the wind turbine using the direct drive (gearless)
method, so as to minimize the power loss. The mathematic
equation for PMSG direct drive and wind turbine shaft can be
written as follows [11, 35].

d
j ;‘;m +Dw, =T T, @1

where, j is inertia moment of shaft (kg.m?), D is damping value
of shaft (kg.m?/s), Tm is mechanical torque of shaft (N.m), and
Te is electromagnetic torque of generator (N.m). The value of
E for PMSG which is connected directly through the shaft with
a wind turbine (direct drive) and has a constant magnetic flux
value can be determined by the following equation [3, 16].

E= Ke.l//pm ) (22)

where, E is the back electromotive force (Volt) caused by the
induction of voltage on the PMSG coil [14] and Ke is the
electromotive power coefficient [6]. The steady state condition
at generator rotation produces the terminal voltage value at the
stator (Vs) which can be determined using the following
equation [14, 30].

V.=E-I (R +jm,L) (23)

where, Vs is stator voltage, (Volt) Ls is inductance of stator

(H).



3.4 Modelling of three phase rectifier diode

The three-phase rectifier diode is a component that
functions to convert the 3-phase AC voltage from the
generator output to the DC voltage shown in the following
scheme [37].
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Figure 5. Three phase rectifier circuit connected to a 3 phase
generator

Figure 5 above is a full wave 3 phase rectifier circuit with 6
diodes which have different switching times. The output of the
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rectifier circuit is a DC current [3, 14, 16].

T 2 2

I =—.JI +1 24
d 2\/5 q d ( )

and DC voltage [38].
v, -3y, (25)

T
36 :

vV, :i.E— (R +jo,L,) (26)

T

where, Idc and Vdc are DC current (A) and DC voltage (Volt)
respectively.

3.5 Modelling of boost converter
The boost converter in the wind turbine system functions to

convert the input voltage (Vin) to an output voltage (Vout)
with a larger value as shown in Figure 6 below [39].
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Figure 6. Design of boost converter

Table 1. Boost converter specifications

Component Value
Input voltage (Vin) 30 Volt
Output voltage (Vout) 60 Volt
Inductance (L) 500 uH
Capacitance (C) 50 uF
Switching frequency of 25 kHz

MOSFET

The output voltage ripple value (Vou) is generated based on
the switching frequency on the MOSFET, the greater the
switching frequency value on the mosfet, the smaller the ripple
Vou, and vice versa, the smaller the frequency value on the
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MOSFET, the greater the ripple Vou. The output voltage
response in Figure 6b is generated based on the component
specifications shown in Table 1.

The dynamic model of the boost converter is obtained based
on changes in the value of the output voltage (Vou), input
voltage (Vin) and current (I) input converter which can be
written in the form of differential equations [40]. The
mathematical model for the inductor current can be written as
follows.

27



As for the capacitor voltage,

X o9)
dt “TRe

where, x1 is the inductor current, x2 is the boost converter
output voltage, Viy is the converter input voltage (Volt), C is
the capacitance value (uF), L is the inductance value (mH), R
is the load resistance value (Ohm), and u is the value duty
cycle [40]. Egns. (28) and (29) can be represented in the form
of state space as follows.

—(1-u)

w5 [
= +
X, @-u) _i X,

Cc RC

V, (29)

in

orj|er

The boost converter in this study functions to control the
value of the generator output power based on the size of the
duty cycle. Changes in the value of the duty cycle can affect
the rotation speed of the generator. The greater the duty cycle
value, the lower the generator rotation speed will be.

Wind speed fluctuation causes the generator rotation is not
constant, which causes the generator output voltage to become
unstable. The addition of a capacitor to the boost converter
input as shown in Figure 6a functions as a filter, so that the
boost converter input voltage becomes stable as shown in
Figure 6b.

4. DESIGN OF
TRACKING

MAXIMUM POWER POINT

Maximum power point tracking (MPPT) is a control
algorithm used to increase wind turbine output power, so that
the maximum output power value is obtained at each change
in rotor speed. The MPPT algorithm used in wind turbines is
divided into 2, namely conventional MPPT algorithms such as
HCS, TSR, PSF [41, 42] and the MPPT algorithm with
intelligent controls such as fuzzy sliding mode control
(FSCM).

4.1 Fuzzy Sliding Mode Control (FSCM)

Sliding Mode Control (SCM) is one of the nonlinear control
algorithms that has the working principle of maintaining the
system trajectory to work on the surface line area, resulting in
a stable response at the set point value. An important part of
the SCM algorithm is designing the switching surface or
sliding surface S(x). The maximum power can be achieved if
the ratio of power change to voltage change is zero as shown
in the following equation [2, 43].

dPgen
—®
dv

gen

(30)

The sliding surface in this study is based on the incremental
conductance (INC) method, so that Eq. (31) can be written as
follows [2, 43].

920

dP dvi dl
S(t)y=—""= (V)ge”=len+ven =0 @
dv, dv,, ’ ’ dv,
U, (t) =—k,.sign(s) (32)
Vgen
Ueq(t)zl—ﬁ (33)
U =U,t)+U, (1) (34)

The sliding mode control produces the duty cycle value
based on the sum of the variables Un and Ueq. The Ueq
variable serves to bring the system to the surface line area,
while the Un variable functions to maintain system stability
when it reaches the sliding surface area [43].

System stability can be evaluated using Lyapunov's stability
theory.

1
V = =St 3
5 ®) (35)
V =S(t)S(t) (36)

The value of S(t) is divided into 3 conditions based on the
stability of the power generated by the generator when it
reaches the maximum power point value (MPP).

<0,S(t)>0——S(t) <0
=0,5(t)=0
>0,S(t) <0——S(t) >0

S(t) = 37

The system will reach a point of origin (0,0) or a point of
stability if variable V less than 0 (V < 0).

dl,,
S(t) =l +Vy, v, =0 (38)
S(t) =—=JI.2+1,
®) 2\/5 o ot
(39)
[iE—I (R + jo, L)JdI
Vgen
¢, ¢, —gm
o= (42
2f L, w0
J{iE—I (R + jo,. L)j
¢ ¢d _¢m
S(t)= \/§(Lq L } (41)



) T @ T ¢
S (t) — 79 + 7d Im (42)
23L, 243L, 2J3L,
To get the derivative of S (t), then
3 _dS(t) av/gen
S(t) - dV/gen'T (43)
. ) T @ 7 ¢ |d
S(t)z—(— = —””J— (44)
3L, 23L, 23L, )dt

The summarize of MPPT equation is illustrated by the
flowchart on Figure 7 below.
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Figure 7. Flowchart of MPPT equation

The addition of fuzzy logic algorithms to sliding mode
control functions to eliminate chattering or oscillation
phenomena that can disrupt the stability of the wind turbine

output power. The emergence of chattering is caused by a
feedback response with a very high switching frequency (high
speed switching feedback) from the SCM.
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™. Chattering

X(0) \\\

e Xl

Figure 8. State process X(0) to sliding surface (S=0)

Figure 8 shows state X(0) moving towards the glide surface
area. There are 3 conditions for the value of the output power
generated by the wind turbine, namely when S <0 indicates the
power value is to the right of the peak point, S = 0 indicates
the power value is at the peak point, and S> 0 indicates the
power value is to the left of the peak point. The value of power
to voltage is obtained based on changes in the value of the duty
cycle at each value of wind speed.

To be able to maintain the condition AP / AV = 0 with a
minimum chattering value, the fuzzy sliding mode control
(FSMC) design in the wind turbine system is shown in the
block diagram in Figure 9 below.

Vout d/dt
Vgen S(X)
+
1 Fuzzy logic Au
gen
control o
Vgeu Ueq
o Sliding mod 7]
Ve iding mode conirol |

Figure 9. Fuzzy sliding mode control block diagram

Fuzzy logic control (FLC) block has 2 inputs, namely S (x)
and derivative S (x). Igen, Vigen, and Vo are the current in the
inductor, the rectifier diode output voltage, and the boost
converter output voltage. The value of duty cycle (u) is
obtained based on the sum of the output of fuzzy logic control
(Au) and the equivalent value of sliding mode control (ueq).

Vgen

U =1——— (45)
out

U =AuU+U, (46)

The combination of fuzzy algorithm and sliding mode
control (SMC) causes the Un variable to be substituted by the
Au variable to eliminate chattering in the system response.
Basically the Un and Au variables have the same goal, namely
to reduce chattering, but have a different mechanism, namely
the Un variable uses stability analysis with the Lyapunov
method, while the Au variable uses a fuzzy algorithm to reduce
chattering.



Figure 10a - 10c are triangular fuzzy membership function
used to determine the duty cycle value of the boost converter
based on the fuzzy rule base shown in Table 2.

WWB NB NS ZE P3 PB PvB
(a) Membership function of input S(x)

NWB NB NS ZE PS FB PVB
(b) Membership function of input S(x)

VB NB NS ZE PS5 PB VB
(c) Membership function of output Au

Figure 10. Membership function of FLC
Table 2. Fuzzy rule base

-S(X) NVB NB NS ZE PS PB PVB

Sx)

NVB NVB NVB NVB NVB NB NS ZE
NB NVB NVB NVB NB NS ZE PS
NS NVB NVB NB NS ZE PS PB
ZE NVB NB NS ZE PS PB  PVB
PS NB NS ZE PS PB PVB PVB
PB NS ZE PS PB PVB PVB PVB

PVB ZE PS PB PVB PVB PVB PVB

5. SIMULATION RESULTS
5.1 Characterization of wind turbine output power

Characterization of wind turbine output power is used to
determine changes in the value of the power to the rectifier
voltage (P-V) based on the value of the duty cycle on the boost
converter. Wind speed is a variable that can affect the
characteristics of the P-V graph of the wind turbine generator
as described in Figure 11.

Figure 11 is the result of characterizing the value of the
output power against the wind turbine output voltage. The
output voltage is in the form of a DC voltage or the generator
output AC voltage that has been rectified using a 3-phase
rectifier. There are 4 graphs that show the difference in wind
speed, namely 3m/s,4m/s,5m/s,and 6 m/s. The shift in
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the location of the peak point or power peak at each wind speed
value against the voltage value is caused by the fluctuating DC
current (Ipc) value, so that the peak power at each wind speed
cannot be drawn in a straight line.
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Figure 11. Wind turbine generator P - V curve
5.2 System testing

System testing is done by comparing the output power of
the wind turbine without a controller and the output power of
the wind turbine when using the MPPT control system - fuzzy
sliding mode by providing a change in wind speed between 4
- 8 m /s which is divided into two scenarios. There are 2 test
scenarios in this paper, namely wind speed tracking testing and
random wind speed testing.

5.2.1 Wind speed tracking test
The tracking test is carried out by providing a change in
wind speed every 1 second as shown in Figure 12.
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Figure 12. Wind speed profile tracking mode

Changes in the value of wind speed such as using step
signals as shown in Figure 12 aims to test the performance of
the MPPT - FSMC control system in controlling the output
power of the wind turbine generator, so that the electric power
generated by the generator can reach the maximum value. The
rotor speed under wind speed tracking mode is shown on
Figure 13 below.
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Figure 14. Wind turbine generator output power comparison

Figure 14 above describes the change on the value of the
generator output power during open loop (without MPPT) and
close loop (using MPPT-FSMC). The changes on the value of
the power generated by the generator at each sampling time
are caused by changes on the value of wind speed at the same
sampling time. This proves that the generator output power is
greatly influenced by the changes of wind speed. The Power
coefficient value under wind speed tracking mode is shown on
Figure 15 below.
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Figure 15. Wind turbine Cp graph comparison

5.2.2 Turbulent wind speed testing

This test is carried out by providing a random wind speed

with a range of 2 m/s - 8 m /s as shown in Figure 16.
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Figure 16. Turbulent mode of wind speed profile

Testing the performance of the MPPT-FSMC control
system on the wind turbine system by providing the
characteristics of turbulent wind speed, capable of producing

an average output power of 63 Watts as shown in Figure 17.
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Figure 17. The output power of the generator uses MPPT-
FSMC with turbulent wind speed characteristics

The power coefficient graph with turbulent wind speed is
shown on Figure 18 below.
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Figure 18. Power coefficient with turbulent wind speed

6. CONCLUSION

This study uses the MPPT-FSMC algorithm as a controller
to track the maximum output power of the wind turbine
generator. The generator used in this study is a Permanent
Magnet Synchronous Generator (PMSG) with a maximum
power capacity of 600 Watts. The combination of the sliding
mode control (SMC) algorithm with fuzzy logic control (FLC)
in this study was able to increase the output power of wind
turbine generators 25.26 watts, 48.34 watts, 77.19 watts,
116.53 watts, and 141.07 watts respectively. wind speed 4 m/s,
5 m/s, 6 m/s, 7 m/s, and 8 m/s respectively. In addition, testing
the performance of the MPPT FSMC control system was also
carried out by providing a turbulent wind speed profile in the
wind speed range of 2 - 8 m/s, and producing a stable generator
output power at each speed change with an average Cp value
of 0.43.
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NOMENCLATURE

PMSG

Permanent Magnet Synchronous Generator

SMC Sliding Mode Control

FSMC Fuzzy Sliding Mode Control
MPPT Maximum Power Point Tracking
WECS Wind Energy Conversion System
Cp Power Coefficient

EIA Energy Information Administration
VSWT Variable Speed Wind Turbine
FSWT Fix Speed Wind Turbine

MSC Machine Side Converter

B Pitch Angle (degree)

A Tip Speed Ratio (TSR)

®m Wind Turbine Angular Speed
Ypm Permanent Magnet Flux





