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Abstract: A new topology consists of two three phase diode bridge rectifiers and three naturally commutated thyristors is
proposed in the paper for the application of high power variable speed PMSG wind energy conversion system. It follows several
prominent features such as low cost, low power loss, simple control and highly reliable. The variable speed wind turbine has
some advantage than fixed speed and hence variable speed is used. The Maximum Power Point tracking algorithm is used for
obtaining a maximized power output. The operating principle of the rectifier is elaborated. The rectifier and control operations
are verified by MATLAB/ Simulink.
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I. INTRODUCTION

Wind energy is world’s fastest growing energy source field. Over the last ten years, wind energy capacity has increased rapidly. As
of 31 March 2016 the installed capacity of wind power in India was 26,743 which was 6,270 MW in 2005.

The future inclination in wind energy conversion systems is to increase the power capacity of wind turbines and generators resulting
reduce the cost of generated electricity. The wind energy conversion system operates under two operating modes: fixed speed and
variable speed wind turbines. The variable speed wind turbine has some advantages over the fixed speed wind turbines, they have
ability to obtain maximum power from varying wind speed, higher overall efficiency audible noise at lower wind speed and lower
mechanical stress [1]. Under variable speed operation the power converter in the system plays an important role in transferring the
generator output power in the form of variable voltage variable frequency to the fixed voltage fixed frequency grid[2]. A typical
PMSG based wind energy conversion system is shown in figure 1, in which a full capacity power converter is employed.
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Figure.1. Typical structure of PMSG based wind energy conversion system.

The amount of energy obtained from a wind energy conversion system depends not only on the characteristics of the wind regime at
the site, but it also depends on the control strategy used for the WECS[3]. The energy extracted from the wind is transferred from
the generator to the dc-link by the generator side rectifier and then to the utility by the grid side inverter. The dc-link capacitor
provides decoupling between the generator side and grid side converters. To achieve proper power control in the system, the dc-link
has to be higher than the peak of the grid phase voltage[4].

There are many different controlled rectifier circuits, but the full power rating PWM rectifier is more expensive and complex. Also
the rectifier generates higher switching losses and it is less efficient even though the input applied is the

sinusoidal current[5]. The applications of voltage source inverter based power electronic systems for interfacing variable-voltage
DC sources to the grid. A variable-speed wind power conversion system is used for illustration, where

the VSl-based interface needs to convert a variable DC voltage to a nearly constant AC voltage with high-quality power[6]. The
usage of synchronous generator, simple 3-phase diode rectifier with dc-dc chopper is more cost effective solution for ac-dc
converter than 3-phase PWM converter[7]. The strategy combines the idea of Power Signal Feedback control and Input-Output
Feedback Linearization method. As the results, the strategy can improve the dynamic response speed of WGS as well as the yield of

wind energy in steady and dynamic state[8].
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An uncontrolled diode bridge rectifier may be used as the generator side converter, but it is suitable for variable speed wind turbine
system. In order to achieve a wind speed range, the grid side inverter is oversized to improve maximum power capture at variable
wind speed but it leads to overcost and hence it can be reduced by adding a dc—dc boost converter between the diode rectifier and
the inverter[9]. The proposed converter operation will be detailed in the following sections and the variable speed operation of the
PMSG will be discussed.
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Figure.2. Diode bridge rectifier with dc-dc boost converter.

This chapter gives the brief description of the papers reviewed for the literature survey. About 20 papers were referred for this
project. The papers are based on; wind energy conversion systems have become a focal point in the research of renewable energy
sources. The trend of wind energy conversion system is to increase the power capacity of wind turbines and generators to reduce the
cost of generated electricity. In this chapter, the 20 papers are grouped under following category, such as study on induction
generators, converters in variable speed wind turbines, harmonic reduction process and algorithms used.

Il. PROPOSED RECTIFIER TOPOLOGY
This section provides a novel rectifier topology for variable speed high-power PMSG wind turbines [8]. From figure we observed
that there are only diodes and naturally commutated thyristors are present in this topology. Thus, it gives advantage of low cost, low
power loss and high reliability. This topology can work with a non-oversized PWM-VSI and it is able to perform torque/speed
control on the generator to absorb maximum input power from varying wind speed.
Fig. 5.1 shows the basic structural diagram of the proposed rectifier topology. The main circuit is consists of two three-phase diode
rectifier bridges and three individual thyristors. Each diode bridge is supplied by a three-phase power supply and their outputs are
connected in parallel. Here we are using three thyristors to connect the corresponding input phases of the two diode bridges.
In normal operation, when the thyristors are in off position, the rectifier’s dc output voltage is equal to the output of a single diode
bridge while when we controlled the thyristors and turned on at the right instants, the outputs of the two diode bridges can be
cascaded and there resultant output dc voltage is doubled.
To operate the rectifier properly, the two three-phase input power supplies should be equal in magnitude and have 180-phase
displacement with each other. Due to this, surely doubled output voltage is obtained when the thyristors are turned on. To interface
the generator in variable-speed WECSs, the voltage-doubling feature of the proposed rectifier can be used. To obtained this feature
either a PMSG with dual stator windings or two PMSGs, each having one set of three-phase winding, can be used as the ac power
supplies for the rectifier.
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Figure.3. Proposed rectifier circuit.
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The operating principle of the proposed rectifier is explained using its waveforms. The sources Van, Vbn, VVcn and vxn’, vyn’, vzn'
are sinusoidal.
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Figure.4. Input voltage supplied to the proposed rectifier.

The current path in each and every sections are explain using its circuit diagram. The current path in section 1 is explained using the
input voltage supplied to the upper and lower diode bridge rectifiers. The maximum and minimum input phase voltages in the upper
supply are van and vbn, respectively; whereas for the lower supply, the maximum is vyn’and the minimum is vxn'. As illustrated in
the figure below, the two diode bridges have separate current paths and maintain their own rectification when the thyristors are off.
Assuming that we have an inductive dc load that behaves like an ideal current source, the rectifier’s output voltage vd is equal to the
input line-to-line voltage vab.

The thyristor T2 connect the minimum voltage phase in the upper supply phase b and the maximum voltage phase in the lower
supply phase y is turned on at any time within Section 1, the two diode bridges are forced into a series connection through the
thyristor. The dc voltagevdthen becomes the sum of vaband vyx, equaling to 2vab in magnitude.
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Fig. 11. Typical rectifier output waveforms. (a) o = Oc. (b) 0c < a < 30e. (€) 30° < a < 609. (d) 60° < ¢ < 120¢. (€) 120° < o < 150e.
(f) a = 1500.\

IV. MPPT CONTROL FOR VARIABLE SPEED PMSG WECS

The simplified system diagram of a variable-speed PMSG wind turbine using the proposed rectifier as the generator side converter
is illustrated in Figure.12. Under normal operating conditions, the VSI is responsible for maintaining a constant dc voltage while
regulating the grid side power factor as. The whole system consists of two identically rated PMSGs which are directly coupled to
the rotor shaft of the wind turbine. Each PMSG is feeding one of the two inputs of the rectifier. By adjusting the mechanical angles
of the generators during installation, the 180° phase displacement requirement on the rectifier input voltages can be satisfied easily.
It is worth noting that due to the distinctive structure of the rectifier, the power rating of the two PMSGs is approximately half that
of the system’s rated power, such that the ratings of the generator-side and the grid-side converters.
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Fig. 12. MPPT control of PMSG wind turbine with the proposed rectifier.

V. SIMULATION RESULTS
A simulation model in matlab/simulink has been constructed to verify the rectifier operation, as shown in Figure 14. The proposed
rectifier and its MPPT control for variable-speed operation are designed. The simulink model is shown in figure 13 below.
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Figure.13. Simulation diagram for proposed rectifier.
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Figure.14. Input voltage supplied to the upper diode bridge rectifier.

Figure.16. Wind speed to the wind turbine.

Figure.17. Generator speed of conversion system.
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VI. CONCLUSION

The major advantage of the proposed rectifier is to cascade the inputs to accommodate power inflow when wind speed and the
generator voltage is lower than rated. This feature of topology is equivalent to a voltage boost function that cannot be found in
conventional diode or thyristor rectifiers. Also, the rectifier can be used with a PWM-VSI for PMSG-based high-power direct-drive
WECS, in which the generators and the inverter do not need to be oversized. When comparing this proposed rectifier with PWM
voltage-source rectifier that has been frequently used in existing systems, it has the advantage of lower cost and power losses. Also,
it can only be used with synchronous generators due to the lacking of reactive current control capability.

In short, this proposed rectifier provides a cost-effective solution for generator-side converter in variable-speed high power PMSG-
based wind turbines. Wind power generation has grown at a very fast rate in the past decade and it will continue to do so as power
electronics technology is increasing day-by-day.
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