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Abstract This chapter describes the variable speed stand-alone wind power supply
system that incorporates permanent magnet synchronous generator, three-phase
diode rectifier, and improved dc—dc boost converter with resistive load. Improved
dc—dc boost converter controls to concentrate the most extreme power from the
accessible wind. In the wind generation system, the power converter efficiency is
one of the important considerations realizing the system performance. In those
systems, dc-dc step-up converter is broadly utilized for high-conversion system.
Considering the converter’s expense and efficiency, this chapter mostly concen-
trates on the outline of an enhanced topology of the boost converter received for
high-power stand-alone wind power system. It describes the perturbation and
observation maximum power point tracking algorithm. The MPPT algorithm in
addition to the dc—dc step-up converter is simulated by MATLAB/Simulink soft-
ware. The outcomes demonstrate that the dc—dc converter topology can understand
the most extreme power point tracking control of the wind turbine.

Keywords DC-DC boost converter - Efficiency - MPPT - Perturb and observe
algorithm - WECS

1 Introduction

These days, renewable energy sources are turning into a vital choice to take care of
the developing demand of energy such as contamination-free environment and all
the while prevent the production of green gas from conventional fossil fuels.
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Depending upon the requirements, stand-alone or grid-connected operation is
possible also the added advantage of renewable energy sources. Among different
sorts of renewable energy sources, wind energy conversion systems have rapidly
evolved around the world [1, 2]. Wind turbine, power electronics converter, and
controllers are the key factors that are incorporated within the WECS. The wind
turbine has the ability to extract power from the wind, which depends upon
available wind power. There are two distinct categories based on the rotation axis of
wind turbine: horizontal axis wind turbines (HAWTSs) and vertical axis wind tur-
bines (VAWTS).

In horizontal axis, the revolution of wind turbine is parallel to the ground, and in
vertical axis, the revolution of wind turbines (VAWTS) is opposite to the wind, that
is, vertical, and thus dissimilar to the horizontal wind turbines. They can catch
winds from any heading beyond the requirement of rotor relocation as the wind
bearing alters (Without a special yaw control).

Vertical axis wind turbines were, likewise, utilized as a part of a few applications
as they have the favorable position that they don’t rely on upon the heading into the
wind. It is conceivable to concentrate on control generally less demanding. In any
case, there are a few disservices, for example, no self-starting and minimum power
coefficient than HAWT. Contrasted with VAWT, HAWT provides maximum
efficiency, which is generally connected in the wind energy industry. The HAWT
further splits into constant- and variable-speed wind turbines. The fixed-speed wind
turbines achieve high efficiency at rated wind speed and possess the benefits that
they are uncomplicated and long-lasting, and need lesser development and support
cost. In any case, their operation speed is fixed and cannot be controlled by the
variation in the wind speed, which outcomes minimum transformation efficiency
contrasted with the variable-speed wind turbines.

These days, the vast majority of the wind turbines connected in industry are
variable-speed wind turbines to build its energy capture at different wind speeds.
Among various types of variable speed WECSs, three sorts are most generally
connected to industries: DFIG (double-fed induction generator), SCIG
(squirrel-cage induction generator), and WRSG (wound rotor synchronous gener-
ator) with geared or gearless or PMSG (permanent magnet synchronous generator)
WECSs with full-capacity power converters.

The performances of different topologies of generator—converter combinations of
WECS with distinct control algorithms are compared in [3]. With the approach of
high-power thickness permanent magnets, the generator is manufactured with a
most extreme power thickness contrasted with wound rotor sort bringing about the
disposal of extra dc supply for outside excitation, brushes and slip rings gathering.
Contrasted with induction generator (IG), PMSG does not require capacitors for
excitation and voltage builds up. For small-scale installations, the use of PMSG is
more useful on account of its minimized size and high-power density, not a
requirement for gearbox.

WECS based on the permanent magnet synchronous generator was investigated
in recent researches [4, 5]. Another major benefit of WECS has made an effective
move from small stand-alone areas to satisfy consumer demand to high
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grid-connected networks. Depending upon the requirement, the grid provides real
power to the loads or absorbs the abundance power from the site when accessible.
However, significant literature is available on stand-alone power generation with
PMSG [6, 7]. The stand-alone system should, consequently, have few methods of
reserving energy. It can be utilized afterward to contribute the demand for the
period of low or nil output power. Several control strategies and algorithm for
stand-alone WECS are developed for variable wind speed, and the load is described
in [8, 9]. Most of WECS are projected for grid-connected systems [10]. In [11], an
effortless control method is presented for finest extraction of power from grid-tied
PMSG-VS wind energy conversion. It utilizes sensor less maximum power point
tracking algorithm but with lagging power factor.

In [12], sliding mode (SM) evaluation of DTC is investigated to maximize the
extracted power at unity power factor. The execution of WECS has been shown
under fluctuating wind circumstances. At that point, the networks not only obtain
the most extreme power but also keep up the unity power factor output voltage at
fixed frequency. MPPT procedure is employed for obtaining the most extreme
power available in the wind. The principal MPPT strategies are as follows:
tip-speed ratio (TSR), optimum relation based (ORB) (power vs. speed and power
vs. torque), and perturb and observe (P&O) strategies.

Various MPPT techniques are described in [13]. The power electronic converter
integration plays a vital role in understanding the maximum power point tracking
(MPPT) process [14]. The methodology of a converter in view of a 3® rectifier with
the boost converter is more appropriate for small wind energy system requirements
in view of its minimum price and high consistency [15], and MPPT estimation with
modified perturb and observe algorithm is projected to fulfill an optimization of the
MPPT in the quickly changing wind speed.

This chapter focuses the stand-alone wind power supply system with improved
power electronic boost converter control to track the most extreme power from the
accessible wind in all directions as shown in Fig. 1. The detailed modeling of wind
turbine and permanent magnet synchronous generator is described in Sects. 2 and
3. Uncontrolled rectifier and proposed boost converter are explained in Sects. 4 and
5. MPPT algorithm and its implementation are described in Sect. 6. Simulation
analyses are carried out in Sect. 7. Finally, conclusions are drawn in Sect. 8.

2 Modeling of Wind Turbine

The power obtained from the wind has the accompanying expression:

1
Py =3 qrnR*V2C, (1)
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The wind turbine torque can be expressed as follows:

P, 1 .V,
T = = — R e
7o, 2™ aq,

Cp (2)

Q,, Pivot velocity of the turbine (rad/s). The power coefficient can be commu-
nicated as follows:

116 o
C, = 0.5176( ——0.4p - 5>e’211 +0.0068 (3)
1 0.055 @

i A+0088 B11

where f is the angle of the blades (rad) and 4 is the tip-speed ratio (TSR) which is
represented by:

i= v (5)

It is observed that the TSR is optimum (KQ,,qpy) at maximum power coefficient
Cpmax- Hence, the wind power extraction is higher. At this condition, optimum
power is attained by applying A in (1)
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Pwmax = K93 (6)

‘mopt
Equation (6) should be utilized to understand the MPPT examination.

L pnR3C) max
K =200 Zoma (7)
/Lop[

where K is the power gain at maximum power and Q. is an ideal turn speed
compared to a particular wind speed.

3 PMSG Modeling

The modeling of PMSG is represented by d—g reference frame by the following:

. di .
Vi = Ryig+ Ly d—: — weLglg (8)
. di, .
Vq = Rslq +L,— — w.Lyiz+w.D,, (9)

T dr

where V,; and V, are d and g components of stator voltages (V); iy and i, are stator
current (A) of the d and g components; R; is the resistance in the stator (ohms); L,
and L, are the d- and g-axis machine inductances (H); w, is the electric speed
(rad/s); and ¢, is the flux (wb).

The electrical torque is obtained from the accompanied equation:

3 . ..
I.= Ep{q)mlq + (La — Lg)iaiq } (10)

where p is the pole pairs. The dynamics of the machine rotor is given as follows:

dw,

Tn,—T,=Bw,+J 11
Wy + a (11)

where B is the rotor friction (kg m?/s), J is the rotor inertia (kg m?), w, is rotor
speed (rad/s), and T, is the mechanical torque created by wind (Nm).

For simplification, assume (L; = L, = 0), the d reference current is zero (ig* =
0), and hence, the product term (L, — L) i, is negligible.
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4 Diode Rectifier

The 3® full-wave bridge rectifier can be connected directly to the three-phase
source to convert the ac output voltage from the PMSG to the rectified dc. The
average dc output voltage across the rectifier is as follows:

Ve = (3\/§/n) A (12)

where V. is dc or average output voltage across the rectifier, and V, is the ac line
voltage from PMSG.

5 DC-DC Boost Converter

The unregulated dc voltage from the diode rectifier is given as input to the
improved boost converter. The rectifier output voltage will fluctuate due to varia-
tions in wind speed. Improved step-up converter is needed to obtain the regulated
dc output voltage and also to understand the MPPT process. A single-control switch
S is desirable due to its low expense and robust control. The resistive burden Ry,
associated with step-up converter is expected to acquire the power from WECS.
The boost converter output voltage is obtained as follows:

Vo_ 1 _h

= = 13

Vdc 1-K Idc ( )

The MPPT computation utilizes the dc voltage and current acquired from the
rectifier to regulate the duty cycle K.

6 MPPT Algorithm

The MPPT computation processes the optimum speed for the most extreme power
point utilizing data on direction and magnitude of output power variation owing to the
variation in grasp speed. The stream diagram for MPPT is shown in Fig. 2. It depicts
the step-by-step execution of proposed MPPT procedure. The controller operation is
clarified underneath. The active power Py(k) is calculated, and if the distinction
between its values at present and past examining moment, APy(k) is within a prede-
fined minimum and maximum power limits P,;, and P, correspondingly; then, no
action is made; still, if the distinction is outside this extent, at that point, certain
important control move is made. The control activity made relies on the direction and
magnitude of power variation because of the adjustment to the grasp speed.
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Fig. 2 Flowchart for the proposed MPPT algorithm

(i) On the off chance that the power in the present testing moment is observed to
be higher, i.e., APy(k) > O either because of an expansion in grasp speed or
grasp speed staying unaltered in the past examining moment, i.e. Aw*
(k — 1) > 0, after that the grasp speed is increased.

(i) If the power in current testing moment is observed to be higher, i.e.,
APy(k) > 0, because of diminution in the grasp speed over the past exam-
ining moment, i.e., Aw (k — 1) < 0, after that the reference speed is reduced.

(iii) In addition, if the power diminishing in the current inspecting moment is
observed, i.e., either because of a steady or expanded grasp speed over the
past examining moment, i.e., Aw (k — 1) > 0, at that moment grasp speed
is minimized.
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(iv) At long last, if the power in current testing moment is observed to be
diminished, i.e., APy(k) < 0, because of an abatement in grasp velocity in the
past examining moment, i.e. Aw (k — 1) < 0, the grasp speed is incremented.

The extent of variation, assuming any, in the reference velocity in a control
sequence is chosen by the result of extent of power error APy(k) and C. The quality
C is chosen by the rate as the wind speed. All along the most extreme power point
tracking process handles the item said above reductions gradually lastly equivalents
to zero at the crest power point.

To have the incredible following ability at all wind ranges, the estimation of
C ought to fluctuate the variation at the adjustment in the wind velocity. If the wind
rate is not ascertained, rotor velocity is used to set its regard. After that, at lower
wind speed, power varies with speed deviation and the rate of C is higher; then, the
speed increases as C decreases. In the proposed chapter, a number of simulations
are carried out with distinct inputs to find out the above-mentioned values which
indicate the excellent outcomes.

7 Results and Discussions

Wind turbine with MPPT control of the improved boost converter is completed
utilizing MATLAB simulation software to assess the feasibility of the presented
configuration. Simulink model of wind-driven PMSG step-up converter is shown in
Fig. 3.

The sub-blocks of wind turbine and MPPT controller are shown in Fig. 3. The
perturb and observe MPPT controller initially measures the power from the wind
and compares the power in the present state and in the previous state. Based on the
ratio of difference in the power, the duty ratio of the boost converter switch can be

[
=

Fig. 3 Simulink model
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perturbed at each second, and the different characteristics of the wind turbine are
shown in Fig. 4.

The wind turbine operating for 15 and 17 m/s is considered and measures the
rectifier outputs and the improved boost converter outputs. Figures 5a and 6a depict
the dc waveforms of the uncontrolled bridge rectifier for 15 and 17 m/s wind
speeds. Figures 5b and 6b represent the converter waveforms, respectively, by
considering the wind speed at 15 and 17 m/s at the phase angle of 0°. The proposed
boost converter receives input from the uncontrolled bride rectifier then this boost
converter step up this uncontrolled dc outputs in order to be controlled dc voltage,
current and power, double the input given and achieves the high converter effi-
ciency up to 97%. If the wind speed increases from 15 to 17 m/s, the output voltage
and power also increased as shown in Figs. 5 and 6.

Turbine Power Characteristics (Pitch angle beta = 0 deg)
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Turbine speed (pu of nominal generator speed)

Fig. 4 Characteristics of the wind turbine
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Fig. 5 O/P voltage, current, and power at 15-m/s wind speed. a Rectifier and b converter
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Fig. 6 O/P voltage, current, and power at 17-m/s wind speed. a Rectifier and b converter

8 Conclusion

In this chapter, the wind-driven PMSG with high-efficiency dc—dc step-up converter
is described. The perturb and observe algorithm works efficiently for the proposed
boost converter circuit. The simulation results for two different wind speeds are
compared and show that the proposed boost converter achieves high efficiency with
maximum power point tracking. The topology and control strategy of the proposed
converter provide a valid solution for stand-alone wind turbine applications.
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