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Abstract: This paper Proposes Maximum Power Extraction from Wind Turbine with permanent magnet synchronous
generator, using MPPT (Maximum Power Point Tracking) control scheme with the help of regulating the dc link Voltage
through Boost converter. This MPPT control scheme is applied by using directly the voltage and current of the generator
which is much accurate then getting the parameters from the mechanical and other relative transducers will reduce the
accuracy and cost. Feasibility of this control become possible from the relation of the power to the rotor speed and the
speed is then related to the DC voltage on the rectifier’s side.

The components in this wind generation system are Wind Turbine as Prime Mover, PMSG (permanent magnet
synchronous generator), rectifier for converting the ac three phase voltage of the PMSG to DC Voltage, Boost converter
which will control the DC Voltage of the rectifier and we will have relative speed for the extraction of maximum power
from the wind turbine, and a PWM inverter which will invert the DC Voltage supplied by PMSG through rectifier and

boost converter to AC Voltage for the load or the grid.

The simulation is done with help of MATLAB/SIMULINK and the result is shown which prove that the
maximum power point tracking algorithm is suitable for wind turbine.

Keywords: Maximum Power Extraction, Wind Turbine Generation System, Wind Energy, MPPT, PMSG, Boost

Converter

I INTRODUCTION
The daily increment in using convention or non-renewable
energy will lead us to a much polluted environment in
future. Thus, the conventional non-renewable sources are
replace by developed, clean and renewable energy sources
such as solar and wind energy.
The amount of conventional energy all over the world is
limited and becoming scarce after centuries of exploitation
Most of these energy supplies will be depleted in the future
if the current use of these resources continues at the present
rate, That is why the interest increase in the renewable
energy which wind energy is one of the main renewable
energy sources because of its advantages its cost effective,
pollution free, and safety. It has proven to be the best choice
among the renewable energy sources [1] which now the
installation of wind energy is day by day increasing.
Major factors that have accelerated the wind-power
technology development are as follows:
And now the average annual growth rate of wind turbine
installation is around 30% during last 10 years [2] and by
the end of 2006 the global wind electricity generating
capacity has increased to 74223 MW from 59091 MW in
2005[3].
Wind turbine concepts can be classified into fixed speed,
and variable speed. [2] in fixed speed the efficiency will
reduce because our turbine may not operate at maximum
power point so the output power may be reduced but
theVariable speed system have several advantages such as
yielding maximum power output while developing low
amount of mechanical stress compared to constant speed
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Systems so we have used variable speed concept of wind
turbine in this paper [4]
As we know the wind is varying the output power is also
varying but in each wind speed there will be a maximum
power point in that point we can get maximum power [5]
that is why it is very important to use some control topology
to get to that point as shown in Fig. 3 To track this point at
variable wind speed various MPPT (Maximum power point
tracking topologies are used and generally they can be
classified into mechanically pitched control as in [6] and
electrically by electronics converter.
In [7] the common types of ac generator that are possible
candidates in modern wind turbine systems are as follows:
1. Squirrel-Cage rotor induction generator (SCIG)
2. wound-Rotor induction Generator (WRIG)
3.Doubly-Fed induction generator (DFIG)
4. synchronous Generator (With external field excitation)
5.permanent magnet synchronous Generator(PMSG)

From the above list 1, 3 and 5 are mainly used. Here I will
be using PMSG (permanent magnet synchronous
generator)because It offers better performance due to higher
efficiency and less maintenance since it does not have rotor
current and can be used without a gearbox because of its
lower speed operation which also implies a reduction of the
weight of the nacelle and a reduction of costs [8,9]

Till now a significant amount of research has been
performed on MPPT for variable speed wind Turbines [10]
Generally MPPT are based two type control scheme
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1. the optimum parameters of the speed of turbine
or generator and optimum tip speed ratio
2. the electronic converters control

Most of the MPPT research has been done the 1 type which
need measuring instruments on the wind turbine side or
mechanical side which increase the cost and reduce the
accuracy. Some of the research has been done on the 2™
type also which had in different ways which we had
reviewed both the above type as follows:

In [5] the control is done by estimating rotor speed of
PMSG from dc voltage, dc current and some known
parameters.

In [9], [11] they calculated the A,p¢,wope, Cp(Aope) then at
last Pyp¢. Which are the optimal tip speed ratio, generator
optimal speed, optimal power coefficient, and Power
optimal respectively

In [12] wind turbine speed is controlled through pitch angle
of movable blade means mechanically controlled which is
very costly than the electronically controlled.

In [13] MPPT is applied for a wind turbine with a squirrel
cage induction generator, and comprising a matrix
converter (MC).

In [14] a cascaded H-bridge multilevel inverter (CHB MLI
is proposed for the DC/AC conversion

Which will increase the switches and losses will be
increased too.

in [15] multilevel clamped (NPC) converter is used for the
Wind turbine PMSG in this type again with increasing
switches the switching in the circuit and cost will increase
which is not suitable. For a small wind turbine.

In [5],[9],[11],[12],[14],[24] all these MPPT are based on
mechanical parameters of wind turbine which will need
extra instrumentation on the mechanical side of the wind
turbine that will increase the cost of controlling and reduce
the accuracy.

The proposed MPPT control scheme general block
diagram is shown in Fig. 1 which will not be using any
parameter from the mechanical side of the turbine unless we
will utilizing the available Voltage and current to get proper
control of the speed of the generator through changing the
dc output voltage of the rectifier by using boot converter as
per the MPPT controlling signal.

And in [13],[17],[15],[16] had various electronically
controlled topology which the drawbacks are explained for
it earlier.

The proposed MPPT control scheme is different from the
above which are used it is following the P&O (perturbation
and Observation) but the step is calculated through Newton
Raphson method and also unlike the above reviewed
method We will be using Voltage as reference to get the
controlling signal.

This propose topology advantages are, it doesn’t need
knowledge of the WG optimal power characteristic or
measurement of the wind speed is required and the WG
operates at a variable speed

Thus, the system features higher reliability, lower
complexity and cost, and less mechanical stress of the WG.
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Fig. 1 General block diagram of PMSG Wind Turbine with MPPT
control

MECHANICAL POWER OF WIND
TURBINE

The kinetic energy in air of an object of mass m moving

with speed v is equal to as in [13].

E= émvz(Nm)(l)

_de_l. 2
Pwind _E_Emv (2)

Herem is the mass flow rate per second when the air passes

across an area A, which that area is swept by the rotor
blades, the power in the air can be estimated as?

1
Pying = EPAU3

II.

3)
Here P,,;,q4 is the available power in the wind, p is the air

density which varies with air pressure and temperature here
I will be using p = 1.225 kg/m3in my project.[18]

The mechanical power of the turbine can be written as:

Prech = Cp * Pying 4)

HereCp is the power coefficient, which is the function A and
B as shown in Fig. 2 and as per Bet’z Law 59.3% of the total
wind can be extracted as mechanical power [19] so it means
maximum value ofCp = 0.593. But practically it is not
possible because of the losses. Practically Cp can derived

from the following equation.
—cs

Cy(4LB) =cl (;—ZL —c3f — C4) et +cgd (5)
Here % is equal to:

1 _ ! 0035
A A+0.088  B3+1

(6)
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Fig. 2 Power Coefficient Cp Versus Tip Speed A for different Pitch angles 8
Here the coefficients are c1 =0.5176,¢c2=116,c3=0.4,c4

=5,c5 =21, and c6 = 0.0068, [20] p is pitch angle of the
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blades and we consider it as f = 0 for the maximum C,, as
shown in fig.

1= w‘:R (7)
Here w turbine rotor speed in (rad/sec), R is the radius of
rotor in (meters), and V is the wind speed in (m/sec).

I1I. ELECTRICAL GENERATION OF WIND TURBINE
As we will be utilizing the proposed MPPT scheme on
PMSG (permanent magnet synchronous generator here so
we will find the relation of the generator speed and the dc
link voltage and finally relation to the power of the
generator as follows:

The voltage equation in the abc stationary reference frame
for PMSG, as shown in [21], are given by,

. d

Vo = 15ig + E/la (8)
. d

Vp = 15lp +—Ap )
. d

e =ri. + E/lc (10)

Here 5 is stator winding resistance of the PMSG, i,, i;, and

i are the three phase instantaneous currents

The flux linkages equations are expressed as follows,
sin6,

; 1 |sin (9 _2_71:)
Aabes = Lslgpes + Am r 3

sin(0, — 4?”

(1)

In the above equation Ay, denotes the amplitued of the flux
linkage established by permanent magnet. The stator self-
inductancelLg.

The Torque and Speed can be related by electromechanical
motion equation:

P
= _(Te

2 - TL) - Bmwrm

d
] E Wyrm (1 2)
Where, J is the inertia, By, is the approximated mechanical
damping due to friction and T} is the load torque.

The electromechanical torque of the machine should
balance the mechanical torque on rotor shaft as:

Tnech = Tem + Tioss (13)
Here T,ecp, is the mechanical Torque of the turbine, T, is
the generator Torque and T}, is the total Torque losses. In
the same manner for the power balance equation we can
write:

Pmech = Pem + Ploss (14)
And here

Prech = Tmech * Wm (15)
Wy = Wgyn (16)
Precn = Tmech * Wgyn (17

Here P,,.cnis the mechanical power supplied by the wind
turbine, which is shown in Fig. 3
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Fig. 3 Power versus Speed Characteristics of a Wind Turbine

P = Temwgyn Is the power of the generator, Py,ss =
Typ5sWsyn 1s the mechanical power loss of the system. The
generated power can be written as:

Pem = ema)syn = 3Ea1a COS((pEaIa)

Here @gq;, 1s the angle between phasors E,; andl,,.

(18)

If we ignore the phase winding resistance then output
electrical power can be written as,

Pem = Pout = 3ValaCOS¢ (19)
In the above equation ¢ is the difference of angle between
V, and I,. And if we assume the power factor as Unity then
we can write that:
Pout = 31/;11(1 (20)

Iv. AC 1O DC UNCONTROLLED RECTIFIERS
Here we will be using three phase full bridge rectifier which
contain positive commutating diodes D;,D,,D;, and
negative commutating diode groupD,, D, and Dg. In any
time there will be only two diodes conducting, one from
positive group one from negative and output voltage is
given by,

Vo = Upn — Unn 21

Here v,,and vy, are the output voltages of the positive and
negative commutating diodes groups to neutral
respectively. If we assume that the Ly is equal to zero(Lg =
0) the average output voltage can be written as:

V, = %f_gzx/iVLL cos(wt) d(wt) (22)

3 6

= ii]/LL = 1.35 VLL

V=2 (23)

Practically Lg is non zero there for the current through
incoming diode will build up gradually and the current
through the outgoing diode will decrease gradually. And
this effect will cause the current overlap so the average dc

output voltage become

Vae = 135V, = =Xl (24), [23]

V. BOOST CONVERTER
Boost converter is dc to dc step up converter which we will
use it for regulation of the dc voltage here
The principle of operation is given in [22]
If the switch is on than the voltage across the inductor is
Vin and the current through that will be as:
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I,(t) = %th +1,(00 0<t>Dt (24)

Which 1, (0) is the initial inductor current at time t = 0, D
is the duty cycle and T is the period. In mode 2 the inductor
voltage is V;;, — V, and the current will be:

iL(t) = 7 (Vi = Vo)(t = DT) + (DT) DT <t>T
(25)
Solving the equation (24) and (25) at t=DT and t=T, and

also assuming thatl; (T) = I,(0),
We get the voltage conversion equation as

Yo _ 1
Ve =1 (26)
v, = f__r; (27)
Duty cycle can be derived as follow:

TOTL
D = TontTors (28)

VI PROPOSED MPPT

The MPPT control scheme and the equations which are
used are given in the flowchart in Fig. 4

Find V.., (k-1) Fom V..., (k)

R 2

Vi k+ D=V, (k)

Calculate these Paramaters

[ Select I, (k) mitially 2t starting time ¢ ]

AL ACIEINT ]
Pk =1 =Wyt b

e I L
O D B

I Vref(k+ D =V, (k) -K

B Vref(k+ 1=V, (k) —-K

B Vrefik+ 1) =V (D +K

B Vrefk+ D=V  (k)+K

Vreflk + 1) =V, (k)

Fig. 4 Proposed MPPT Flowchart
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In the above flowchart:

V, (k) is dc output voltage of the rectifier

1, (k) is dc output current of the rectifier

V,(k — 1) is one sample delayed of V, (k)

I, (k — 1) is one sample delayed of I, (k)

P, (k)is the generated of PMSG

P,(k — 1) is one sample delayed of P,(k)

AP (k) is the difference between P, (k) and P,(k — 1)
AV (k) is the difference between V, (k) and V,(k — 1)
Vyer (k) is the initial selected reference voltage
Vyer(k — 1) is one sample delayed of the V,..r (k)
Vrer(k + 1) is one sample advance of the V;..r (k)
AV, is the difference between V¢ (k) and V;..r(k — 1)
Dev?2 is the second derivative of the slope.

K is the changeable step.

The method is explained in the following figure

AP_

AV

15000 Maximum Power Point

10000 -

Mechanical Power [VVatts]

5000 -

1 ID 2‘0 3ID 4‘0 Eb GID 7‘0
Rotor Speed RPM
Fig. 5 Relation of Mechanical power P, Versus Generator speedw
dp AP
As we know that — = slop = —
av AV
And from the slop we know that:
AP . . .
1. If W < 0 the generator is operating on high speed
means on p3 (point3) and p4 (point4) side in the Fig. 5
AP . .
2. If > 0 the generator is operating on the low speed
side on pl and p2 side in Fig. 5
AP . . . .
3. If v Othen it is operating on the maximum point

Two conditions are explained as an example here:
1. Generator speed is increasing from P1 to p2 so we can
write that:

And accordingly for AV we can have that
V, >V, =>AV =V,—-V1=AV >0 (30)
Then we add a K step to the V. means that
Vieg(k +1) = Vier + K (€28

2. Generator speed is decreasing from P4 to p3 so we can
write:
AP = P, — P3 > 0&AV =V, — V3 < 0 then in this
condition we reduce a step of voltage to reduce the
speed as:

Vref(k +1) = Vref(k) -K (32)
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VII. PARAMETERS

TABLE1
WIND TURBINE PARAMETERS Pmech |
Parameter Symbol | Value | Unit | ™ T
Out Power Prech | 15000 | Watts | = so00 ” .
— T oo ] T
Cut-in wind speed Vewein | 3.5 m/sec | & IR I
- £ 4000 0
Rated Wind speed Viatea | 12.5 m/sec | € 000 I
Pitch angle ,8 0° degT‘8€ % 02 04 06 08 1 12 14 16 18 2
. . Time[sec]
Turbine Rotor Radius R 2.8 m
(d) ,
Vdc
TABLE2 0 vo
GENERATOR PARAMETERS @150
. 5 SN D™
Parameter Symbol | Value | Unit 2100
Rated dc Voltage P, 15000 | Watts| % \L
S 50
Rated Power Voratea | 361 Volts =
Stator inductances r 0.087 | ohms 00 02 04 o6 o8 1 12 14 18 18 o
Stator resistance Lg,Lg | 249 mH Timesec]
Flux induced by magnets Am 0.398 Wb
Moment of inertia ] 0.296 | Kg.m? 200 © Ide
Number of Poles P |4 - N e an
150 I AT T A
Q. 1 I
£ |
TABLE3 <00
BOOST CONVERTER PARAMETERS s I
Parameter Sym | Value Unit - | ;
e S S S
bol % 02 o4 06 08 1 12 14 16 18 2
Power Rating P 15000 Watts Timefsec]
Generator side capacitor Cy 10 mF )
Load side capacitor Co |30 mF Fig. 6 simulation results of the PMSG WG in matlab SIMULINK, a)
Inductor L 0.013986 mH Wind Pattern Versus (VS) Time, b) Genetor attained speed Wrand
Switching frequency F, 10 kHz optimal speed for maximum Power Wopt VS Time, c) Desired and
< attained power coefficient VS Time, d) mechanical power Pmech and
Electrical power Pem VS time, e) boost converter input Voltage Vdc and
VIII. SIMULATION AND RESULTS boost converter output voltage Vo versus time, f) boost converter input
A. FIRST WIND PATTERN current Idc and boost converter output current Io versus time,
12 B. SECOND WIND PATTERN
gj 1 1
210 7 z i
% 31(; 7 Y% ZRN / “\ P
> g ‘ g s /‘ N N (H /a
= / \
80 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 = ; : /H \H\ /
Time[sec] 5 N L
40 (@) ﬁﬁ' © o® Timetsec] 8 2
= - Wwr
% 30 ﬂ?\ ] e *\L (a)
E, J 40 Wopt
20 H‘ Foo B ‘ , \ iR Li wr
S0/ 2 TN NN
E . e Ezo H =
o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 S 10 !
Time[sec] = -
60 . (b) 00 0.2 0.4 0.6 O.8ﬂmeE3eC] 1.2 1.4 1.6 1.8 2
Sos b ¥ Zos (b)
i;/_ ‘ Desired Cp g : ——] — ﬂ/w /4‘:’ 1
03 Attained Cp E 0.4 { =
"5’: 0.2 ‘ s [ .
L =z 0.3 Desired Cp
é 0.1 ‘[ S“O > j Attained Cp
g L/ =1 f
00 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 20.1 A
Timelsec) 8 00 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
(© 8 o S
Time[sec]
(©
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Fig. 7 simulation results of the PMSG WG in matlab SIMULINK, a)
Wind Pattern Versus (VS) Time, b) Genetor attained speed Wrand
optimal speed for maximum Power Wopt VS Time, ¢) Desired and

attained power coefficient VS Time, d) mechanical power Pmech and

Electrical power Pem VS time, e) boost converter input Voltage Vdc and
boost converter output voltage Vo versus time, f) boost converter input
current Idc and boost converter output current Io versus time,

CONCLUSION

We have developed an MPPT control scheme for a PMSG
wind turbine in MatLab SIMULINK. The speed control of
PMSG which is connected with the rectifier, then to the
boost converter is done with the help of switching of the
boost converter, regulate the voltage and finally the speed
of the PMSG to get to Maximum coefficient where the
maximum power can be extracted.
In the simulation two wind patternsare taken as samples and
as it seem from the results the PMSG is tracking the MPP
(Maximum Power Point) quiet efficiently and fast so this
control system is suitable can be applied in small wind
turbine.
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