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Abstract - This paper presents the direct AC to AC converter
for Permanent Magnet Synchronous Generator (PMSG)
based wind turbine. The direct AC to AC matrix converter is
intended between the PMSG wind turbine and the grid. The
power generated by the wind turbine is synchronized with the
grid parameters through the converter. A modulation scheme
based on duty ratio is proposed. Depending upon the duty ratio
the switching of matrix converter is done. Conventional AC-
DC-AC back to back converter is replaced by direct AC to AC
converter. The modulation scheme can be also implemented
using Field Programmable Gate Array (FPGA) so that the
computational speed can be improved. The machine side control
is done by Field Oriented Control (FOC). A three phase to three
phase matrix converter is simulated using MATLAB simulink

software and the results are shown.

Keywords: Ac-Ac Converter, Permanent magnet synchronous
generator, Wind energy conversion system, Pulse Width

Modulation.

I. INTRODUCTION

Nowadays, renewable energies are becoming
increasingly important as alternative energy sources. Many
factors such as diminishing fossil-fuel resources, energy
security concerns, and global warming increase the need
for renewable energies. Their main advantages are the
elimination of harmful emissions and inexhaustibility while
the main drawbacks are the cost and uncontrollability [1-
4]. The A comprehensive overview of the development in
the field of matrix converter research is presented in [4-5].
Significant work is done to develop modulation techniques
for their optimum performance, and their analysis is
presented in [6-7]. Matrix converters are considered for
several applications such as wind energy generation systems

[8-9].
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The conventional back-to-back voltage source converters
are widely used to connect the generator to the grid. In this
structure, DC-link capacitors are applied to decouple the
generators and grid. However, they are bulky and have a
limited life time. The matrix converter does not use the DC
link capacitor and provides a direct AC/AC conversion.
Thus, it is a good candidate for WECS applications. The
matrix converter can control the magnitude, frequency
and phase angle of the output voltage as well as the input
power factor. Despite the attractive features of the matrix
converter, the matrix converter suffers from some problems
such as low voltage gain, complicated control, bi-directional
switches and lack of ride-through capability [10-11]. The
duty ratio based PWM technique is explained in [12].

In conventional WECS system AC-DC-AC back to back
converter is used. AC-DC-AC back to back is a two stage
converter that is initially the AC power generated by the
generator is converted into dc with the help of rectifier and
the rectified dc is converted back to ac with the help of PWM
inverter. The various conversion losses can be overcome by

the proposed scheme.
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Fig. 1 Proposed Scheme.
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In the proposed system the AC-DC-AC back to back
converter is replaced by direct AC to AC converter. The duty
ratio based modulation scheme is used to get the triggering

pulses. The grid voltage is given as the reference voltage.
II. PROPOSED CONTROL SCHEME

The control scheme based on duty ratio is employed. In
this control scheme the matrix converter utilize the input
voltage to generate the desired output voltage. The desired
output voltage is given as the reference voltage and the duty
ratio is calculated. The triggering pulses are generated by
comparing the duty ratio with the continuous triangular

carrier wave.
A.Direct AC-AC Matrix converter

The matrix converter is the single stage direct AC to
AC converter. It consists of mxn bi-directional switches
to connect directly a m-phase voltage source to an n-phase
load. Usually the input of converter is fed by the voltage
source and hence at any instant the input should not be
short circuited. The load is typically inductive in nature and
hence the output side should not be open circuited at any
instant.

The output voltage of the converter is given by

Vo(t) = D(D).vi(t) (1)

The relation between input and output current is given
by

; =DMOT1, )

v, and i represents output voltage and current
respectively. v, and i represents input voltage and current

respectively. D (t) represents the duty ratio.
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Fig. 2 Direct Ac-Ac converter

AJES Vol.3 No.1 January - June 2014

36

B.Control algorithm

In the proposed control algorithm the duty ratio value
for the given reference and input voltage is calculated and
this duty ratio value is compared with the carrier signal.
There are two cases in this control scheme. At any instant
two of the three input phases will conduct current to the
load and one phase won’t provide any current to the load. A
switching period Ts is divided into two time periods, T, and
T,. Also, Max, Mid and Min denote the maximum, medium
and minimum input voltage values, respectively. During T ,
the line-to-line voltage between Max and Min, which is the
maximum line-to-line voltage among the three line-to-line
input voltages at the sampling instant, is used. During T,,
the second maximum line to line voltage, which is the larger
of Max to Mid and Mid to Min, is used. The figure 3 shows
the way how the input line voltage is classified in to two

cases.
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Fig. 3 Input phase voltage.

If Max-Min > Mid-Min, Max to Mid is used during
T, and the resultant switching pattern is named switching
pattern-I. Otherwise, Mid to Min is used during T,, namely

switching pattern-I1.
C.Switching pattern-1

For the condition Max-Mid> Mid-Min, the generation
of the gating pattern for the output phase is shown in Figure
4. To generate the pattern, at first, the duty ratio D, , with
k € a, b, c, is calculated and then compared with the high-
frequency triangular carrier signal to generate the k'™ output
phase pattern. The gating pattern for the k™ leg of the matrix
converter is directly derived from the output pattern. The
switching pattern is drawn, assuming that Max is phase “A”
of the input, Mid is phase “B,” and Min is phase “C.” The
switching pattern changes in accordance with the variation

in the relative magnitude of the input phases. The output
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follows Min of the input signal if the magnitude of the duty
ratio is more than the magnitude of the carrier and if the
slope of the carrier is positive. The output follows Max of
the input signal if the magnitude of the carrier is greater
than the magnitude of the duty ratio, irrespective of the
slope of the carrier. Finally, the output tracks Mid if the
magnitude of the carrier signal is less than the magnitude
of the duty ratio and if the slope of the carrier is negative.
Thus, the resulting output phase voltage changes like Min
— Max — Max — Mid.
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Fig. 4 Switching pattern 1

These transition periods are termed as t, , t

k1> k2 tk3’ and tk4’

and these four subintervals can be expressed as
tgs = D1 0Ts
tiz = (1= Dyy )3Ty
tiz = (1 = D) (1 = 8) T
tga = Dxa (1 —8)Ts

3)

Ts = tga + tip + tgs + tga
Where D, | is the k™ phase duty ratio value when Case I
is under consideration and ¢ is defined by 6 = T'1/7s, which

refers to the fraction of the slope of the carrier. The duty
ratio is obtained from (4) as

_ Max{va,VB.Vc}=Vok
o A+3(Mid{v, Vg, Vc}—Min{va,vg,vc)H

Q)

Dyq

Where A= (Max{V,,V_,V_} - Mid{V,,V_,V_} similarly,
the duty ratios of other output phases can be obtained and
can be subsequently used for the implementation of the
PWM scheme.
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D. Switching pattern-2

Consider another situation of Max — Mid < Mid — Min.
The output and the switching patterns can be derived once
again by following the same principle laid down in the
previous section. Figure 5 shows the output and switching
patterns for the k™ output phase. Here, once again, a high-
frequency triangular carrier wave is compared with the duty
ratio value D, to generate the switching pattern. The only
difference in this case compared to the previous case is the
interval when the magnitude of the carrier signal is greater
than the magnitude of the duty ratio and when the slope
is negative. Then, the output should follow Mid instead of
Max. Contrary to Case I, for this situation, the output must

follow Max of the input. The time intervalst,,t _,t,andt,

k3
are the same as in (3), and now, the output phase voltage is
changed with the sequence of Min — Max — Mid — Min.

The duty ratio value for switching pattern-2 is given by

8.A+(Mid{va,vE,vel-vo)

- 8.A+(Mid{va,vg,vc}—Min{va,vg,vc)

Dy

®)

The switching signals for the bidirectional power
switching devices can be generated by considering the
switching states of Figures. 5 and 6. Depending upon the
output pattern, the gating signals are derived. If the output
pattern of phase “k” is Max (or Mid and Min), then the
output phase “k” is connected to the input phase whose
voltage is Max (or Mid and Min). The control algorithm

can be explained by the block diagram shown in Figure.6.

The input voltages are, at first, examined for their relative
magnitudes, and the phases with computation block either
uses (4) or (5) to generate the duty ratios. Depending upon
the relative magnitude of the input voltages. The obtained
duty ratio goes to the PWM block.
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Fig. 6 Block diagram of control scheme.
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The PWM block calculates the time subinterval using
(3). The gating pattern is then accordingly derived and given
to the matrix converter. Maximum, medium, and minimum
values are determined. The information about their relative
magnitudes is given to the next computation block, along

with the commanded output phase voltages.
II1. SiMmULATION AND RESULTS

In this section the three phase to three phase matrix
converter is simulated using MATLAB simulink. Duty ratio
based PWM technique is used to generate the triggering
pulse for the switches of matrix converter and the results are
shown. The input is fed by 50 Hz voltage source of amplitude
100 volts. The bi-directional switches are realized by IGBT
switches with diodes. Each input phase is connected to all
the three output phases through bi-directional switches. The
subsystem1, 2 and 3 represents the switching arrangement of
the matrix converter. The control technique is implemented

in the subsystem 4.
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Fig.7 Simulation of converter.
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A.bi-directional switches

The diode bridge arrangement is the most simple bi-
directional switch structure. This arrangement consists
of an IGBT at the centre of a single phase diode bridge.
The main advantage of this arrangement is that only one
active device is need, reducing the cost of the power circuit.
Conduction losses are relatively high since there are three
devices in each conduction path. The gate pulse for IGBT is
obtained from triggering block implemented in subsystem
4. The power flow can be done in both the direction.
While conducting two diodes and a IGBT switch will be in

conduction.
B. FOC

The FOC block is shown below. The Speed and
generated voltage is taken and fed as input to FOC block
and the reference signal is generated.

C.Results

ey

; ﬂﬁ;ﬂ_

2=

Fig.7a FAC Block

The three phase to three phase matrix converter that
convert a input voltage of 50 hz to the output frequency of
25 hz is designed. The input is fed by a three voltage source
with frequency 50 hz and amplitude 100 volts. Each phase
has an phase shift of 120 degree to eachother. Input voltage

waveform is shown in figure 8.

A continuous triangular wave which varies from 0 to 1
is chosen as carrier wave. The frequency of carrier wave is
chosen as 700 Hz. The triangular carrier wave is compared
with the duty ratio of each and every phase at every instant
and depending upon the compared value the switching pulse

is generated. Figure: 9 show the carrier wave.
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Fig. 8 Reference voltage generated by FOC

Fig. 9 carrier wave

Fig.10 Reference wave

The reference output waves are generated with 25 Hz
and the amplitude is 100 volts. The reference wave is used
to calculate the duty ratio value. Depending upon the output
reference wave the duty ratio gets varied and the output gets
varied. Usually the desired output is chosen as the reference

wave. The figure 10 shows the reference wave.

The duty ratio for all the three phases with respect to
reference wave is generated for the switching pattern-1

and the waveform is shown in figure 11. This duty ratio is
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Fig. 11 Duty ratios for all the three phase

compared with the common continuous triangular carrier
wave and thus the switching pulse for each switch is
generated. Since the reference signal is 25 Hz the duty ratio
wave is also generated for 25 Hz. Depending upon the duty
ratio the switching pulse each phase switches are generated.
At any instant only one of the three bi-directional switches
will be in conduction depending upon the maximum,

minimum and medium values of input.
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Fig. 12 Switching pulses for phase ‘a’

At any instant one of the three switches in each phase
will be in conduction. Overall three switches will be in
conduction at any time depending on the duty ratio and the

carrier wave.

The output phase voltage for each phase is shown
in figurel3. The peak value of voltage is 100 volts. The
waveform is similar to the reference wave but chopped due
to high switching frequency. If the switching frequency is
reduced the chopping will be less. The output frequency is
25 Hz. The output line voltage is shown in figure 14.
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Fig. 13 Output phase voltage ’a’
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Fig.14 Output line voltage V

IV. ConcLusiON

Three phase to three phase matrix converter with
duty ratio based modulation scheme was designed using
MATLAB and the results are shown. In existing modulation
techniques the voltage transfer ratio is up to 0.87. From
the results we can understand that, in the proposed model
the voltage transfer ratio is improved up to 1. This matrix
converter can be used in wind energy conversion system
in order to synchronize the power generated by generator
with the grid. The performance can be further increased
by implementing the modulating technique in FPGA.
By replacing the conventional AC-DC-AC back to back
converter by matrix converter the conversion losses can be
also reduced and also the DC link can be eliminated. Since
the DC link is eliminated the cost can be also reduced.

AJES Vol.3 No.1 January - June 2014

(1]

—
5

]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

REFERENCES

“Powerelectronics as
, IEEE
Transactions on Power Electronics Sept Vol. 19, page(s):1184
1194(2004).

Blaabjerg, F. Zhe Chen Kjaer, S.B.,
efficient interface in dispersed power generation systems”

J. M. Carrasco, L. G. Franquelo, J. T. Bialasiewicz, E. Galvan, R. C.
P. Guisado, M. A. Martin Prats, J. I. Leon, N. M. Alfonso, “Power
electronic systems for grid integration of renewable energy sources:
a survey” [EEE Trans. Industrial Electronics, vol. 53, no. 4, pp.
1002-1016, August. (2006).

F. Blaabjerg Z. Chen R. Teodorescu F. Tov , “Power Electronics in
Wind Turbine Systems”
Conference, 2006. IPEMC ‘06. CES/IEEE 5™ International, page(s):

1-11 Aug. (2006).

Power Electronics and Motion Control

Wheeler, P.W. Rodriguez, J. Clare, J.C. Empringham, L. Weinstein,
A., “Matrix converters: a technology review ”, IEEE Transactions
on Industrial Electronics, Vol. 49 page. 276-288, April (2002).

P. W. Wheeler, J. C. Clare, L. Empringham, M. Apap, and M.
Bland,“Matrix converters,” IEEE Power Eng. J., vol. 16, no. 6, pp.
273-282,Dec. (2002).

L. Helle, K. B. Larsen, A. H. Jorgensen, S. Munk-Nielsen, and F.
Blaabjerg, “Evaluation of modulation schemes for three-phase to
three-phase matrix converters,” IEEE Trans. Ind. Electron., vol. 51,
no. 1, pp. 158-171, Feb. (2004).

M. Apap, J. C. Clare, P. W. Wheeler, and K. J.Bradley, “Analysis
and comparison of ac—ac matrix converter control strategies,” in
Proc. IEEE Power Electron. Spec. Conf., vol. 3, pp. 1287-1292.
(2003).

R. Pena, R. Cardenas, E. Reyes, J. Clare, and P. W. Wheeler, “A
topology for multiple generation system with doubly fed induction
machines and indirect matrix converter,” IEEE Trans. Ind. Electron.,
vol. 56, no. 10, pp. 4181-4193, Oct. (2009).

R. Cardenas, R. Pena, G. Tobar, J. Clare, P. W. Wheeler, and G. M.
Asher, “Stability analysis of a wind energy conversion system based
on a doubly fed induction generator fed by a matrix converter,”
IEEE Trans. Ind. Electron., vol. 56, no. 10, pp. 4194-4206, Oct.
(2009).

Christian Klumpner, Ion Boldea and Frede Blaabjerg, “Limited
Ride-Through Capabilities for Direct Frequency Converters”
IEEE Transactions on Power Electronics, Vol. 16,No. 6, November
(2001).

Kwak, S. Toliyat, H.A.,
Phase Matrix Converter Drives” IEEE Transaction on Energy
Conversion,Vol. 22, Issue 4, Page(s):855 — 863, Dec. (2007).

“An Approach to Fault-Tolerant Three-

Yulong Li, Nam-Sup Choi, “Direct Duty Ratio Pulse Width
Modulation Method for Matrix Converters” International Journal
of Control, Automation, and Systems, vol. 6, no. 5, pp. 660-669,

October( 2008).



