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Abstract—This paper presents an effective solution to track
the maximum power and improve the security of small scale
wind power system, aiming to optimize the efficiency of wind
energy conversion and connecting wind generators to the
electrical grid. The controller of the generation system used
Perturbation Method of duty cycle to facilitate the construction
of control algorithm, and improved its robustness. Due to the
complexity of the wind turbine operating environments. The
effectiveness of the proposed control method is evaluated
through simulation tests performed in MATLAB/SIMULINK.
The article presents a controller which uses an ARM and also
designed the boost circuit, measure circuit, processes circuit, as
well as drive circuit. The results obtained demonstrate the
effectiveness of the proposed control functionalities, which can
be said that the design of boost circuit is reasonable.

Keywords—small scale wind power generation; MPPT;
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L INTRODUCTION

With the growing exhaustion of the fossil fuels, many
countries have paid more and more attention to the
development and the application of the new types of the
energy sources. At the mean time, renewable energy has
been further developed over the past few decades.

Among all renewable resources, wind is one of the
most accessible one. As the result, the wind power
generation system is becoming maturer and its installed
capacity is growing rapidly.

In all kinds of wind power generation systems, small
scale wind power generation system with its flexibility and
advantages in configuration becomes more and more widely
used in micro-grid connection. This paper presents a Boost
circuit(Fig.2) in small wind generation system. By
adjusting the motor speed with variety of wind speed, we
can get the optimal value of wind turbine tip speed ratio,
and, the generation system will shutdown to protect itself
when the power grid voltage is too high. This mechanism

978-1-4799-0530-0/13/$31.00 ©2013 |IEEE

Academy of Sciences
Beijing, China

was described in Fig.10.

The general scheme circuit was shown in Fig.3. During
normal operations, the control strategy based on the DC-DC
boost chopper was used to control the duty cycle. The
concrete algorithm was described by flow chart in Fig.4.
The simulation diagram was shown in Fig.7.

II.  ELEMENTARY THEORY

A. Maximum power point tracking theroy of Wind power
generation system

Wind power system converts kinetic energy of wind into
mechanical energy of wind turbine by blades, then converts
into electrical energy by generator which directly connects
the wind turbine. The relationship between mechanical
power and incoming wind speed can be described by:

1
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Where P, is the mechanical power (W');

p s the air density (kg /m”);

A is the swept area(m” );

Vv,, is the wind speed(m/s);

C, is the power coefficient of the wind turbine.

C, is a function of the tip speed ratio A4, and the Blade

pitch angle g, which can express as C,(A. ) - Ay is
calculated by

2

For a fixed pitch angle, the power coefficient C, depends

on the tip speed ratio 4, . Namely in a certain wind speed,



wind turbine which is running in this state can capture wind
power maximum. The Betz limit shows that
the C, theoretical maximum value of 0. 59[1].

Due to the complexity of the Wind turbine operating
environments, the wind turbine simulation in a laboratory
may has high demand on the reality of wind power
generation system behavior. This paper presents a dynamic
model using the MATLAB/SIMULINK simulation software.
There are many wind turbine tool boxes in the SIMULINK
library. By this model, we obtain the maximum power
output under different various wind speeds, property of
maximum power output was shown in Fig.1.by researching
the relationship between wind turbine output and its rotation

speed. Therefore, by controlling the motor speed, the wind
power generation system can obtain the maximum output
power.

B. Relationship between the Boost circuit duty cycle and
the maximum output power

A control unit was added to the topology of DC-DC
Boost circuit because of its simple structure and easy to
control. The basic circuit element is rectifier diode, a power
transistor with the anti-parallel diode, an inductor and a
smoothing capacitor. It can be seen from Fig. 2
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Fig.1 the wind turbine output power versus speed and maximum power point running
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Fig.2 The topology of the DC-DC boost chopper

The chopper acts as a bridge between wind generation
and the DC micro-grid. It limits the output voltage and
achieves maximum power point tracked by employing PWM
control techniques. The input terminal of the chopper connects
to a diode rectifier which has a variable output DC voltage,
and the output terminal of the chopper connects to a DC
micro-grid which has a fixed DC voltage of 600V. The output

power was controlled by controlling the output current / ,, .

The relationship between the input and output currents is
described by the formula (3). So in order to control the output
current, we just need to control the input current.

1

1-D

By modulating the duty cycle of boost chopper, the system
can set its output voltage to acceptable level and track the
maximum power point.

At the same time, controlling the duty cycle can also
control the output voltage. When the grid voltage becomes
higher than 620V, controlling the duty cycle D is used to limit
the output voltage under 620V, that is enabling the voltage of
the DC micro-grid in the safe range.

As a matter of fact, controlling the boost chopper current is
controlling the speed of the PMSG driven wind turbine in
order to keep the tip speed ratio at the optimal operating point
for all wind speeds.

I, = 7, (3

III.

A. General scheme
Wind generators generate alternating current which can be

SYSTEM SCHEME
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transformed into direct current by an uncontrolled rectifier.
Then Boost circuit controls the current and limits the output
voltage, which achieves MPPT and grid protection. General
scheme includes an uncontrolled rectifier and a boost circuit,
which expressed as Fig.3.
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Fig. 3 Configurable of the small wind generation systems
equipped with PMSG

B. Perturbation Method of the duty cycle method to decrease
aerodynamic efficiency

During normal operating conditions, the control structure
based on the DC-DC boost circuit was used to control the duty
cycle. The paper controls the current to adjust the speed of the
PMSG driven wind turbine by control the duty cycle in order
to increase the tip speed ratio and aerodynamic efficiency. The
system uses Perturbation Method of the duty cycle to search
for the maximum power point. The advantage of Perturbation
Method is that it needs less physical detection, simple
structure and it’s easy to implement, so that this method is
more practical in all of the MPPT methods. The nature of
Perturbation Method of the duty cycle is that the controller
generates different current by comparing the current value
output power and the previous value of output power, in order
to calculate the duty cycle. The MPPT controller changes the
output during each system cycle. The changes of the output
was depended on the power generated by the system. The
input voltage and current of the boost circuit were considered

as research objects. Assign U, is the voltage feedback from
the uncontrolled rectifier, and / . 18 its output current, so the
output power of wind turbine is P, =U, * I, . The output of
the controller Im?f was changed by the fixed-step, [ rof WAs

changed by comparing the output power at the instant and the
output power in the previous cycle, when the power increased,
a fixed value will be added into the output of the

controller [,ef , when the power decreased, the output of

controller [ s 3ls0 obeys the same rule. The concrete algorithm
was described by flow chart in Fig.4. The difference between
I g and I, which are feedback from the input termination of

Boost circuit is the input of PI controller' . The output of the
controller' is duty cycle D,.
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Fig.4. Flow chart of Perturbation Method of the duty cycle
method
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Fig.5.The control scheme of maximum power tracking and
voltage limiting

The rated voltage of the DC micro-grid is 600V. In normal
circumstances voltage fluctuations cannot exceed 20V. The
generation system has to work under the micro-grid voltage
that’s under 620V. The difference between given voltage of

620v and output voltage is the input of PI controller’ . The
output of the controller tis duty cycle D,. Smaller values

between D,and D, will be selected as the final value D of duty

cycle, which controls power switching devices to turn down or
turn off. When the voltage of micro-grid is more than 620V,

PI controller will get a negative input, soD,will less thanD),,

the duty cycle of the power switching device will beD, , so the

increase of micro-grid voltage will be limited. Controlling
strategy plot is presented in Fig.5. Thus, the proposed control
strategies aim to provide additional control capabilities of
PMSG driven wind systems, allowing them to limit the active
power injective in micro grid when voltage rises above
acceptable level.

IV. SYSTEM SIMULATION AND ANALYSIS

A. Parameters calculation

The main circuit of the system is Boost circuit. The
transfer function between duty cycle and output voltage is
calculated by the follow equation (4)
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A
block diagram Fig.6. of the main circuit can be written by
Boost circuit transfer function , and the parameters of PI
controller can be calculated by the block diagram : Kp=0.
19, Ki=0.0025;

B. A simulation in MATLAB/SIMULINK

The paper carries on a great deal of simulations in
MATLAB in order to evaluate the performance of the Duty-
cycle perturbation method, and the paper also selected S-
Function as a controller to achieve maximum power point
tracking and selects Matlab-Function block to achieve voltage
limitation. The simulation parameters were designed based on
the SKW small wind turbine. Simulation system is presented
in Fig.7.

The purpose of the simulation includes two aspects, the
first aspect is to prove a control strategic to achieve the

maximum power point tracing, the second is to prove that the
system can be turned off by their own overvoltage protection
systems when the grid voltage is over the limited level. A
given wind speed started 7m/s and later changed into 11m/s
and finally became into 9m/s. Simulation waveforms of the
output power was observed from Fig.8. Fig.9.shows the
dynamic behavior of the boost circuit can be observed. And at
2 second, the voltage of the DC micro-grid changed into
650V.The change of the output power can be observed from
Fig.10.
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Fig.6. Block diagram of the dc-dc boost circuit
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Fig.7.The simulation system with PMSG driven wind turbine
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Fig.8. Dynamic output power of the PMSG driven wind
turbine with the wind speed changing
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Fig .9.Dynamic behavior of the boost circuit, including its
input voltage, output voltage, input current and output current
with the wind speed changing

4000

3500
3000
2500

[l
=
=
=

1500 |-

Cutput Power (W)
=
=

o
=
=

=

on
=
=]

-1
=
=

o
o
=

o
=
=

Wiind Speed (mis)

B i i i
0 1 2 3 4 5

Time (=)
Fig.10. Dynamic output power of the PMSG driven wind
turbine with the voltage of the DC micro-grid changing

It illustrates that the wind turbine has a different average
output power with different wind speed, and the output power
is always around the maximum output power. The output
power increases when the wind speed increases. When the
voltage of the grid is too high, the output power of the
generation system goes to zeros.

V. CONCLUSIONS

A generation model of a small scale wind power generation
system was developed in this paper. The optimum curve
power was obtained by this model. This study made it possible
to use a chopper to control the generation system. The result
showed that the Perturbation Method of the duty cycle method
which was used to tracking the maximum power point of the
generation system works efficiently, and the feedback control
strategy adopted generation system is successful in monitor
the voltage of DC micro-grid. By analyzing the experimental
data of SIMULINK model, the wind turbine can get an
optimum output power whatever the wind speed is. At the
same time, the result showed when the grid voltage is higher
than 20% of the rated voltage, the system can efficiently limit
the vise of the output voltage in order to protect generation
system. The robustness of this generation system is highly
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improved by using the boost chopper.
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