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Introduction. During the last years, the most used configuration in wind power
projects has been the doubly-fed induction generator (DFIG) [6]. The main advantage of
this configuration is that it allows to produce constant-frequency electric power with a
variable mechanical speed, reduce copper losses and wide operational range. Therefore,
the power extraction from the wind can be optimized. The converter feed the low-
frequency rotor circuits from the grid [3]. The converters are partially scaled requiring a
rated power of about 30% of the generator rating. Usually, the slip varies between 40%
at sub-synchronous speed and 30% at super-synchronous speed.

In recent years (approximately the beginning of the century) a new directions in
research and development of matrix converters (MC) have been proved [1]. Saving all
the known advantages of MC, such as 4-quadrant operation, close to a sine of the input
and output currents, a single input power factor, new circuit topologies and control
algorithms that are directed to simplifying overall system control have been introduced.

Now indirect MCs (IMC) are known, structure of which can be divided into the
rectification stage and the output voltage inverting stage, which is directly connected to
the DC link [4], [5]. This converter referred to conventional matrix type because each
phase of network is connected directly to the each load phase through semiconductor
power devices without intermediate storage elements (LC).

The aim of the paper is to study different types of IMC and their possibility to
supply DFIG.

Materials of study. The circuit of two-stage indirect MC (TSMC) (Fig. 1) consists
of PWM rectifier section, PWM-inverter section (VSI) and the AC source filter [3].
These types of converters are essentially bi-directional and therefore can regenerate
energy back into the mains from the load side. However, the DC voltage in a TSMC
has only positive polarity. In order to allow bi-directional current flow (four-quadrant
operation), bi-directional active switches are needed in the input bridge of the IMC as
shown in fig.1. On the output side, the classical voltage source inverter is used to
form output voltages. The IMC employs 18 IGBTs and 18 diodes similar to those in
the classical direct MC.

Due to the presence of the DC link in the conventional two-stage MC, it has new
properties:

e ability to change the voltage range;
¢ use different frequency switching rectifiers and inverters to reduce losses;
e well known inverter control algorithm.
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Figure 1 — AC/AC Two Stage Indirect Matrix Converter

Similarly as in conventional MC, special commutation methods are needed to
avoid shorting of input phases without cutting load current path. The four-step
commutation is commonly used in the IMC. The modulation strategies are based on
an indirect concept.

Modification of the basic topology TSMC allows to get other circuit solutions
[2]. This preserves the bi-directional communication between the current phase of the
power line and each output line of the rectifier. Thus, the total number of transistors
in the base scheme can be reduced in the rectifier from 18 to 15 (Fig. 2). Converters
built on such topology are called in the literature as sparse matrix converter (SMC).
In this circuit configuration, the bi-directional power flow could in principle be
obtained with positive and negative DC link voltage. If assumed that the DC link
voltage is positive polarity, a reduction in the number of active switch devices is
possible.
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Figure 2 — Sparse matrix converter (SMC)

More simplified version of the converter is possible, but only if a unidirectional
power flow is required. This is an ultra sparse matrix converter (USMC). The source
bridge consists of three IGBTS and 12 diodes.

In another topology a simplified commutation is possible. This converter is
named a very sparse matrix converter (VSMC). This topology is functionally similar
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to TSMC but also allows conduct power only in one direction. In the VSMC
structure, the 12 IGBTs and 30 diodes are employed.

Zero DC link current commutation and bidirectional power flow allow the
employment of the circuit topology of the inverting link matrix converter (ILMC),
which is shown in Fig. 3. Here, the bidirectional current carrying capability of the
Input stage is achieved by connecting an input rectifier and a voltage inverter through
two power transistors and two diodes. Unfortunately, the inversion of the voltages
has to be performed with high frequency. Then the switching losses are increased.
Furthermore the control algorithm becomes complicated.
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Figure 3 — Inverting link matrix converter (ILMC)
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The topologies of the two-stage, sparse, very sparse, ultra sparse and inverting
link matrix converter are characterized by a voltage transfer ratio also less than one,
with its maximal level equal to 0.866 [6].

Conclusion. Bidirectional power flow in MC is needed for application in DFIG.
Therefore only standard IMC topologies such as (TSMC), sparse IMC and ILMC are
suitable. Although ILMTS and SMC have fewer transistors, but their application
much more complicated.
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