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Abstract:

In this paper, a new topology is proposed for three-phase to single-phase matrix converters, where more voltage levels
are produced in the output in comparison with the conventional topologies. In addition, a new control method based on
minimum error between the generated and the desired output voltages is proposed for three-phase to single-phase
matrix converters. In the proposed control method, the output voltage is generated by the mixture of different pieces of
the input voltages. In other words, by applying this method, the matrix converter operates like a multilevel converter
without requiring to any extra elements. Due to the proposed control method, the desired output voltage can be
generated with an acceptable accuracy even with unbalanced and significantly distorted input voltage waveforms. The
other advantage of the proposed control method is reduction of number of switching which allows low speed
semiconductors application in the structure of bidirectional switches required by matrix converters and also reduction in
switching losses. Using this strategy, thiw/dt stresses on load are significantly reduced. As a result, the
electromagnetic interference (EMI) is considerably decreased in comparison with the other conventional control
methods. Simulation results in PSCAD/EMTDC software and experimental results show that the proposed control
method operates correctly and confirm the perfect performance of the proposed topology.
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1. Introduction

Matrix converters are direct ac/ac converters which
convert input line voltages into variable voltage with
unrestricted frequency without using any intermediate
dc link circuit [1]. In recent years, the matrix
converters have received considerable attention
because they may become a good alternative to voltage
source inverter pulse width modulation (PWM)
topology. This is because of the fact that the matrix
converter provides bidirectional power flow and nearly
sinusoidal input/output waveforms. Furthermore, the
matrix converter allows a compact design due to the
elimination of dc link capacitors. On the other hand,
the complexity of the matrix converter topology makes
the study and the determination of suitable modulation
strategies a difficult task [2].

Several solutions based on different mathematical
approaches have been presented in the past. Each of
them shows different features in terms of the number of
switches commutations in a cycle period and full
utilization of the input voltages. Alesina and Venturini
proposed the principles of matrix converter control in
1981 (AV method) [3]. In the original theory, the
output/input voltage transfer ratio was limited to 0.5,
but it was shown later that, by means of third harmonic
injection techniques (optimum AV method), the
maximum output/input voltage transfer ratio could be
increased up to 0.866, a value which represents an
intrinsic limitation of the three-phase matrix converters
with balanced supply voltages [4].

The scalar control modulation algorithm presented
in [5], although based on a different approach, leads to
performance similar to that obtained using the optimum
AV method. A sensible increase of the maximum
voltage transfer ratio up to 1.053 is a feature of the
fictitious dc link algorithm, presented in [6]. This
strategy considers the modulation as a two-step
process, namely, rectification and inversion. The higher
voltage transfer ratio is achieved in spite of low
frequency distortion in the input and output variables
[2].

The space-vector modulation approach was initially
presented in [7] to control only the output voltages.
This method has been successively developed in [2]
and [8] in order to exploit the possibility of matrix
converters in controlling input power factor regardless
of the output power factor, to fully utilize the input
voltages and to reduce the number of switch
commutations in each cycle period.

The above modulation methods are the basic
modulation techniques and the other presented methods
mostly try to eliminate weak points of the previous
methods [9-12].

The previous methods are generally based on PWM
technique and contain some limitations. One of them is
low voltage transfer ratio. In addition, if the input
voltages are significantly distorted then these methods
can not produce the desired output voltage. It is
important to note that the matrix converters are direct
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converters and any distributions and unbalances in the
input sides are immediately reflected to the output side.

The above-mentioned control methods are
generally related to three-phase to three-phase matrix
converters. In some applications, it is necessary to feed
the single-phase loads from the three-phase network
with a different frequency and amplitude. For such
conversions, three-phase to single-phase converters are
necessary. The generally used method in industry for
such conversion is dc link based converters. The ac/ac
converters with dc links are the most common type of
converters for ac/ac conversion. These converters are
two-stage converters whose instantaneous operation is
decoupled by an energy storage element (a capacitor or
an inductoror). In this type of converters, firstly, the ac
input voltage is rectified to dc voltage and then its
inverted into an ac voltage with changeable frequency
and amplitude. They need bulky capacitor banks which
results in a slow dynamic response. Due to the
consideraby high price and size of the energy storing
elements, these coverters are bulky and expensive and
difficult to control the stored energy in case of faults.

Cycloconevrters are another common method for
three-phase to single-phase conversion.
Cycloconverters are direct frequency converters that
convert the ac input with a frequency to the ac output
with another frequency without using an intermidite
stage converter. They are used in high power motor
drives and slip energy regeneration. In oredr to have a
high effeciency, the output frequency is limited to a
third of the input frequency. More complex @
cycloconvertors to increase the frequency range whic
use forced commutation and load commutation
techniques have been presented. Due to need for a logd
with specific characteristics, intrinsic complexity and &
the economical considerations, this type offg
cycloconverters have not been widely used in industry.Z

The three-phase to single-phase matrix converte@
are another possible method for three-phase to singlé&
phase conversion. Matrix converters do not need,
energy storing elements. According to the authorsw
studies, limited number of control procedures for three-:»
phase to single-phase matrix converters have beéh
presented in the literature. These control methods ar‘g
based on PWM techniques. When the switching:i
frequency is high, due to intrinsic characteristic ofg
these techniques, low order harmonics will be abseng
on the output side but input and output total harmoniéf
distortion (THD) will be considerably high. In addition,
because of the high switching frequency, the eff|C|enc
of the converter is low. Higlav /dt will result in high
EMI and high stress on switches [13-21].

In this paper, a new topology for three-phase toﬁs
single-phase matrix converters is proposed Whlch%
considerably reduces the before-mentioned pitfalls. Inf
addition, a new control method based on m|n|mum‘ts
error between the measured and desired output voltagés
is proposed. The performance of both topology and th@
control method is verified by simulation (using g
PSCAD/EMTDC software) and experimental results. 5,

tion of E’lﬁctnc
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2. Conventional Three-Phase to Single-
Phase Matrix Converters
A matrix converter consists af power switches and

can create2" numbers of on and off states (modes).
The following two basic rules should be considered for
the correct operation of the converter:

. Short-circuit occurrence among power
supplies must be avoided (over current
constraint),

. Open circuit in the loads with inductive
properties must be avoided (over voltage
constraint).

2.1. Three-Phase to Single-Phase Matrix
Converter with Three Bidirectional Power
Switches

The structure of a three-phase to single-phase matrix
converter with 3 bidirectional switches is illustrated in
Fig. 1. The input voltages of the converter arg Vi,

and v;; and the currents through them dyg i;, and

i3, respectively. The output voltage and current of the
converter arev, and i,, respectively. The input

voltages of the converter under balanced condition are
considered as follows:

Vi ) = Vi sin(@t)
v, () =V,, sin(@t ~120) 1)
Vs )=V, sin(eat +120)

where V,,, and ware the amplitude and angular

frequency of the input voltage, respectively.
The fundamental component of the desired output
voltage (V, pesreq) IS CONsidered as follows:

Vo,Desired (t) = Vom Sin(wot) (2)

where V_,, and ), are is the amplitude and angular

frequency of the desired output voltage, respectively.
Generally, any arbitrary phase can be considered
for output voltage. The relationship betwe¥p, and

V,m can be expressed in terms of voltage transfer ratio
(9) as follows:

_Vom

q v (3)

As mentioned, the matrix converters require
bidirectional switches for power transmissi@everal
methods exist to make bidirectional switches [22-23].
In this paper, the common emitter configuration has
been used. This configuration consists of two insulated
gate bipolar transistors (IGBT) and two reverse parallel

diodes as shown in Fig. 1.
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The matrix converter with three power switches can
produce eight modes while just three modes of them
are acceptable considering two mentioned rules in
section 2. In Table 1, the permitted modes are
presented. As indicated, the maximum instantaneous
output voltage amplitude is limited to maximum input
voltage amplitude. According to Table 1, three
different voltages(v,,, v;, and v,;) can be generated at

the output of this converter.

Vi~ i S v T
M= /
ViZ ii2 Sz Io ' \
N— —> / |
Vis i S 5 !
()= Lo
/]

Fig. 1. Three-phaseto single-phase matrix converter \;v—ith three
switches

Table 1: Permitted modesfor a three-phaseto single-
phase matrix converter with three switches

Mode | On Switch | Vo mode To,Mode
1 S Vi Ii1
2 S, Vi li2
3 S Vi liz

2.2. Three-Phase to Single-Phase Matrix
Converter with Six Bidirectional Power
Switches

The power circuit of three-phase to single-phase matrix
converter with six power switches is shown in Fig. 2.
This circuit has six power switches that &g, S;,,

S,1. Sy, Sy and S;, which totally produce?® =64

modes but considering two explained rules, the
numbers of usable modes are restricted to seven modes
that are summarized in Table 2. As shown in this table,
at the output of this converter, seven different voltage
levels can be produced (considering positive, negative
and zero values). In the case of strongly capacitive load
connection to the matrix converter, the seventh mode
should be ignored. As this table illustrates, the
maximum instantaneous output voltage amplitude is

limited to \/5 times of the maximum input voltage
amplitude. Considering the increased the number of
modes, the capability of this circuit overcomes the
previous circuit and can produce the output waveform
with fewer additive steps in comparison with the
previous circuit. As a result, it can produce the output
voltage with higher quality.



http://jiaeee.com/article-1-149-en.html

[ Downloaded from jiaeee.com on 2026-01-01 ]

Vil@ g Sil S.LZ
O — rr rr'
Viz iy iz Sy Sy,
O — rr rr'
Visr,;\ lis 5_31 522
=11 ng
Iy
—
—  1—
+ V0 -
Fig. 2: Three-phaseto single-phase matrix converter with six
switches

Table 2: Permitted modesfor three-phaseto single-phase
matrix converter with six switches

Mode | On Switches | Voo I 0,Mode
1 Sy & Sy Vip~Vip | dig =i
2 Su&S;, Vip~Viz | i =i
3 S, &S, Vig=Vir | iz ="l
4 Sp& Sy Vig=Viz | li2 =73
5 S, &S, Vig=Vig | iz =i
6 Sy & Sy Viz=Viz | lig="li2

(S, & Sp) or
7 | (S,&Sy,) or 0 io
(S, & Sy,)

3. Proposed Topology for Three-Phase
to Single-Phase Matrix Converter

In order to increase the number of modes of three-
phase to single-phase matrix converters in comparison
with the previously discussed two converters, a three-
phase to single-phase matrix converter with eight
bidirectional power switches is proposed as shown in
Fig. 3. This converter has two more switches $f

and S, in comparison with the matrix converters with
six switches. The converter with eight switches

generates 2 =256 modes but taking the two
mentioned rules into account, thirteen permitted modes
can be created according to Table 3. In the case of
strongly capacitive load connection to the matrix
converter, the thirteenth mode should be ignored. As
this table illustrates, the maximum instantaneous output

voltage amplitude is limited to\/§ times of the

maximum input voltage amplitude. Considering the
increased number of modes, the capability of this
circuit overcomes the previous topologies and can
produce the output voltage with less additive steps than

previous circuits. As a result, it can produce the output
voltage waveform with higher quality.

Vil/’;l\ Iig Sil S,
L ¢l
Vo B[Sy [Se
O — rr’ (r
Vi3f,{l\ iig 8.31 %2
a1 vl
IO
N =
VO
S

Fig. 3: Proposed topology for three-phaseto single-phase
matrix converter

Table 3: Permitted modes for the proposed topology

Mode On Switches Vo, Mode lo,Mode

1 S, &S, Vit™Viz | i1 ="z

2 S, &S;, VitTViz | 1= i3

3 S_Lz& %1 Via = Vi1 lig =~lip

4 Sy & Sy Vig=Viz | li2="li3
o
S S, & Sy Vis=Vie | liz="ls %
6 S, &S, VizTViz | liz= 2 ?—a
7 S &S,y Vi1 liy g
. N
8 S &Sy Viz li2 S
. =)
9 S & Sy Via lis 2
K >
10 Sy &S, ~Vi1 i1 »
()
. [}
11 Sv& S, ~Vi2 li2 %’
. Ll
12 S\ &S, Vi3 liz 8
c
(S:&S,) or g
& or o
| (2@ S . . i
(S5 & S;) or ®
(S & Sy) g
g
4. Relation between Output Voltageand s
Current 2
The relationship between the output voltage ancé
current in three-phase to single-phase converters fct
R-L load can be expressed as follows: §
©
- 5
Vo) = R (0 + L2 @z
3

3
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Considering (2), the fundamental component of the
output current can be calculated as:

Vom sin[wot - tan‘l[l‘?w"jj (5)

lo(t) = —22—
V(Ley)* +R?

5. Proposed Control Method

The majority of the presented control methods for

controlling the matrix converters need balanced input

voltages and if an unbalance whether in amplitude or in
phase angle occurs in the input voltages, these control
methods usually fail to operate properly. In addition,

the conventional control methods are generally based
on PWM techniques. In these techniques, the switching
frequency is chosen so high that does not affect the
load. There are several methods to generate PWM
pulses. With these techniques, the THD of the output
voltages increases but in return the resulting harmonics
are generated around the switching frequency.

Although the PWM technique has particular

advantages, but it has some disadvantages as follows:

. The control techniques based on PWM, need
high switching frequencies up to several kHz to
maintain their advantages. This factor causes an
increase in commutation frequency. It should be
mentioned that the commutation problem is one
of the factors that prevents matrix converters
from finding their specific place in industry.

. Due to high switching frequency of PWM based
techniques, the application of semiconductor
based instruments with high connection and
disconnection frequency are required. It is clear
that high power and the high connect/disconnect
frequency semiconductor instruments are too
expensive. As a result, the total cost of converter
is increased.

. Because of applying high frequency switching
method, the PWM techniques have high
switching losses which cause decline in
efficiency of the converter.

. Due to intrinsic pitfalls of these techniques, the
output voltage usually would be like a train of
square pulses. Because of great difference
between low level voltage and high level
voltage, these techniques generate hdytdt
stress on the load. As a result, the EMI effect is
increased.

. The application of PWM techniques generates
harmonics too far from the fundamental
frequency around the switching frequency.
Therefore the size of passive components is
reduced to remove harmonics. However, these
techniques generally have a very high THD.

. Generally, applying PWM techniques, the
voltage transfer ratio of matrix converters
become lower than unity that is considered as
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one of the main disadvantages of these methods
and limits their application.

In this paper, a new control method is proposed for
three-phase to single-phase matrix converters which is
based on different technique from PWM techniques. In
the world of intelligent systems, there are several
methods to explain a scientific subject. Maybe one of
these methods is applying natural language that is
usually called IF-THEN rule:

IF promise THEN conclusion

In the proposed control method, the generated
output voltage is compared with the desired output
voltage in various operation modes of converter. In
other words, in different operation modes of matrix
converter, the error between the desired and generated
output voltages is explained as follows:

E; €)= Vo pesirea (t)_vo,Mode,j t) i=12-- (6)

In this equation, E; is the error of voltage and

Vomosej IS the generated output voltage durirjgh

mode. This control method is based on the minimum
error between the desired and generated output
voltages. In other words:

IF (Min(|Ey|, |E,|, -+, |E\]) == |E4]
THEN The switches in Mode 1 will be ON
IF (Min([Ey|,|E,|, -, |Ey]) == |E,))
THEN The switches in Mode 2 will beoN (/)

IF (Min(|Ey|, |E,| -, |E]) == |Ex])
THEN The switches in Mode k will be ON

Fig. 4 shows the block diagram of the proposed
control method. Depending on the selected topology
for the matrix converter (Figs. 1, 2 and 3), the
corresponding switching table (tables 1, 2 and 3) is
saved in the Look-up table (in the memory of a
microprocessor in practice). In other words, the Look-
up table serves the function of saving different
ON/OFF switching modes in different operating
conditions. Decision Unit compares the measured
voltage on converter’s output with the desired voltage
(according to the proposed algorithm in (7)). In each
sampling time interval, this block recognizes the mode
that in which minimum error occurs and then the
switches must be turned on are selected from the Look-
up table and the corresponding commands are sent to
gate driver circuits block. The power switch trigger
signals are generated and applied to the switches.
Depending on the selected mode by Decision Unit
block, the output voltage with minimum error in
regards to the desired voltage is generated. This
procedure is repeated in all sampling intervals [11].

A
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Vi (1) »Three— Phase to Single— Phase
v, (t) Matrix Converter —
Vi, (t) (Based on Figs.1,2,3)

\ 4

\

ﬂGate Sgnals
Gate Driver

Circuits
1r
ON Switches
Look —Up Table
1
Decision
Unit
Fig. 4: Block diagram of the proposed control method
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In the proposed control method, the matrix
converters operate as a multilevel converter. As the
simulation and experimental results will show, one of
the most important advantages of this control method is
that even for unbalanced and significantly distorted
input voltages, the desired output voltage can be
acceptably produced with minimum error.

The main disadvantage of this method is that, for
little changes in voltage transfer ratio, there might not
be noticeable changes in the waveform of the output
voltage of the converter. In addition, it does not
guarantee that the amplitude of fundamental
component of the measured output voltage exactly
equals to the desired output voltage. Therefore, with
this control method, there is an error in the amplitude
of fundamental component. To investigate this subject,
a concept named as percentage of voltage error is
considered for matrix converters, which presents the
percentage of error between generated voltage and the
expected output voltage. The percentage of voltage
error for matrix converters is defined as follows [11]:

V. -V
%Error = 21PN %100 (8)

om

where V, ., is the amplitude of fundamental

component of the generated output voltage.

The positive voltage error shows that the amplitude
of the generated output voltage should be increased in
order to achieve the desired output voltage. Also, the
negative voltage error shows that the amplitude of the
output voltage should be decreased to achieve the
expected output voltage.

Fig. 5 shows the percentage of voltage error for
three three-phase to single-phase matrix converters. As
this figure shows, for converter with three power
switches, the percentage of voltage error is too high
and not acceptable. The maximum range of voltage
transfer ratio of permitted voltage with maximum

FY Y o 5 56— g0 ojlosd — o Jlu— ool 2! g iUl g 32 gt &y

+10% of error is betweerg= 085 and q=1.1. Also

in this converter, for voltage transfer ratio lower than

0.27 and more than 1.1, the waveform of output
voltage remains constant and independent of the
voltage transfer ratio. The percentage of voltage error
for the converter with six power switches has greatly
improved in comparison with the matrix converter with

three power switches. In this converter, accepting
+10% error, the range of voltage transfer ratio is

between q=11 and q=19. In this converter, for

voltage transfer ratio lower than 0.85 and more than
1.9, the waveform of output voltage is independent of
the voltage transfer ratio and remains constant.

In the proposed three-phase to single-phase matrix
converter, in addition to a noticeable reduction in
voltage error, the range of voltage transfer ratio is
significantly increased so that taking maximuthi(%
error into consideration, the acceptable range is
betweenqg= 065 and g =19. In this converter, for a

voltage transfer ratio lower than 0.3 and more than 1.9,
the waveform of output voltage, becomes independent
of the voltage transfer ratio and remains constant. As
the simulation and experimental results will show,
taking into account the advantages and several
capabilities of the proposed topology and control
method, the existence of maximub@®b6 error can be
neglected particularly for loads insensitive to amplitude
of voltage.

%Error

Ke]

Fig. 5: The percent of voltage error versusvoltage
transfer ratio

6. Simulation and Experimental Results

In order to verify the theoretical analysis of they
proposed switching strategy, three laboratoryg
prototypes of the three-phase to single-phase matri‘g
converters according to Figs. 1-3 were implemente(ﬁ
and tested with a passivB—L load. The converters <
are fed by a voltage transformer with variable turnsg
ratio to adjust the input voltage. The main parameterg€
of the matrix converters are listed in Table 4.
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Table 4. Main parameters of the matrix converters

Parameter Value
Vi, 120V
Vo, 140V

f, 50Hz
f, 100Hz
L 55mH
R 40Q

f, 1000Hz

Each bidirectional switch can be driven with
respect to the common point, i.e. the common emitter
can be considered as a local ground for a bidirectional
switch. On the other hand, in order to ensure a correct
operation, each bidirectional switch requires an isolated
power supply.

Fig. 6 shows the isolator and driver circuit of each
bidirectional switch. This circuit consists of an opto-
isolator, a schmit trigger and a buffer. As mentioned,
each bidirectional switch in the matrix converters
requires an isolated driver circuit. The isolation can be
provided using either pulse transformers or opto-
isolators. Opto-isolators can operate in a wide range of
input signal pulse width but a separate isolated power
supply is required for each switching device. The opto-
isolator based on the gate driver circuit is used in the
prototypes.

The square safe operating area of the IGBT for
switch mode operation minimizes the need for snubber
circuits in most applications such as the voltage source
inverter. However, it is necessary to use a snubber
circuit in the matrix converters due to the absence of
freewheeling paths. In the matrix converters, the load
current is always commutated from one controlled
switch to another. In these converters, a time delay can
be easily introduced between drive signals for
complementary devices in order to avoid simultaneous
conduction. During this delay time, the inductive load
current is taken over by a snubber circuit [11]. In these
converters, a smalR—-C turn-off snubber circuit as
depicted in Fig. 6 is connected across each
bidirectional switch to limit the device voltage to an
appropriate level. It is important to mention that the
main focus of this paper is to develop the switching
strategies and therefore the problem of optimized
snubber circuit design is not pursued further. The
values of R and C in the snubber circuit 408 and
0022uF , respectively. The 89C52 microcontroller by

ATMEL Company has been used to generate the
switching patterns according to the proposed switching
strategies. The IGBTs are the type BUP306D with
internal anti-parallel diodes.

To examine the performance of the proposed
converter and control method in the generation of a
desired output voltage waveform, the matrix converters
shown in Figs. 1-3 are simulated by PSCAD software.
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In addition, to confirm the simulation results, three

prototypes are implemented based on the topologies
shown in Figs. 1-3. The simulation and experimental

results for each topology of three-phase to single-phase
matrix converters will be presented in the next parts.

Gate Driver

Input
Sgnal 5

6.1. Simulation and Experimental Results
for Balanced I nputs

In the first experiment, the input and output voltages
are considered as (1) and (2), respectively. Fig. 7
shows the simulation and experimental results for
output voltage. As shown in this figure, the output
voltage consists of some pieces of input voltages. The
waveform of the output voltage in the proposed
converter is very close to the expected output
waveform. In addition,dv/dt variations in the output
voltage are lower and decreasing the EMI. It should be
noticed thatdv/dt variations in the proposed topology
are fewer than the conventional topologies. It is
necessary to mention that the experimental results are
exactly similar to the simulation results. Fig. 8 shows
the simulation and experimental results for the output
current. As this figure shows, the current waveform in
the proposed converter is very similar to sinusoidal
waveform because the output voltage is similar to
sinusoidal waveform.

Fig. 9 shows the spectrums of voltages and currents
for the three converters. Since the load of the
converters (R-L) is almost a low pass filter, the

output current contains less high-order harmonics than
the output voltage. This figure shows that the
amplitude of the fundamental component of the output
voltage in the proposed converter has less error than
the conventional converters. In addition, in the
proposed topology the generated harmonics are much
fewer than other topologies. The percentage of error for
three-phase to single-phase converters with three, six
and eight power switches are equal to %15:4%

and %3.5, respectively, and exactly complies with the
results of Fig. 5.

As the waveforms of the output voltages show, the
converters can generate the desired output voltages
with minimum number of switching. The maximum

Y
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number of switching among the converters belongs to
the proposed converter (the topology shown in Fig. 3).
However, even in the proposed converter, applying the
proposed control method, the number of switching is
considerably reduce in comparison with that of the
PWM based methods. In order to indicate this, the
on/off commands of the switches of the proposed
converter are shown in Fig. 11. As this figure shows,
the desired output voltage is generated with lower
number of switching that leads to reduction in

switching losses. In addition, it is possible to apply low
speed semiconductor in the structure of matrix
converters. As a result, the cost of converter is
significantly reduced.

Table 5 shows the THDs of the output voltage and
output current based on simulations for three
converters with amplitude of up to the"6Barmonic.
Reduction of THD is achieved by the proposed
topology. As this table shows, the THD in the proposed
method is much less than PWM method. Moreover the
amount of THD in the proposed topology is lower than
other topologies that shows the good quality of the
proposed converter.

3-Phase to Sinale-Fhase with 3-Switch (BIBO)
= \/o,Desired = \Vo,Measured

‘rlG l ediv

00000 ' 00100 = 00200 00300 00400

3-Phase to Sindle-Fhase with 6-Switch (BIBO)
= \/o_Desired = \/o_Measured b

g8

100

..,'.»l \,\ Q,...,Q )

8855,

00000 ' 00100 ' 00200 00300 00400

3-Phase to Sindle-Fhase with 8-Switch (BIBO)
= Vo, Desired = Vo, Measured

g8

100

88553

00000 ' 00100 ' 00200 00300 00400

(c) Proposed topology

Fig. 7: Output voltage under balanced operation (L eft
column: Simulation; Right column: Experimental)
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Fig. 8: Output current under balanced operation
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Fig. 9: FFTsof output voltage and current under
balanced operation (L eft column: Output voltage; Right
column: Output current)

Table5: THDs of output voltage and current
With three | With six Proposed
switches | switches | topology

THD of

output %40.7 %33.44 %12.1

voltage

THD of

output %20.02 %12.03 %2.903

current
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6.2. Simulation and Experimental Results
for Unsinusoidal Output

In the proposed control method, the expected distorted
output voltage can be generated from balanced inputs.
To show this capability, the desired output voltage is

considered as follows:

v, t(9 M, simt+ OM,, sindt+ 02/, cosbwt)
9)

Fig. 11 shows the simulation and experimental
results of output voltage for each three converters. As
these results show, the proposed control method is able
to generate the desired output voltage regardless of the

)WY Lo 9 525 — pgo oylads -0 Jlw— ol ) Sdg 81 9 82 (oo 42 p0

kind of the figure of wave shape. The quality of output
waveform in the proposed converter is better than the
conventional converters.
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Fig. 11: Output voltage under distorted operation (L eft
column: Simulation; Right column: Experimental)

" 00100

6.3. Smulation Resultsfor Unbalanced and
Distorted Inputs

In order to show more capabilities of the proposed
control method, assume that the input voltages are
unbalanced and significantly distorted as follows:

v, t(3 12, sinpt- 45) 02%,, cosRuwt)
vy €)= 115/, sin(wt+ 270  0.%,, cos@wt) (10)
v ()= 08/, sin(wt—- 270 } 0.%,, cosbwt)

The waveform of output voltage is considered as
(2). Fig. 12 shows the simulation results for the output
voltage of converter under the unbalanced and distorted
condition. It is very interesting to note that the
proposed control method is one of the particular
control methods that can generate the desired output
voltage with minimum error from unbalanced and
significantly distorted input voltages. As Fig. 12
shows, the quality of the output waveform in the
proposed converter is better than the conventional
converters.
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Fig. 12: Output voltage under distorted operation

6.4. Simulation Results for Unbalanced and
Distorted Inputs and Unsinusoidal Output

It is interesting to note that using the proposed control
method the unsinusoidal output voltage can be
generated using unbalanced and significantly distorted
input voltages. In order to show this capability, the

input voltages and output voltage are considered as
(10) and (9), respectively. Fig. 13 shows the simulation
results for output voltage of converters under this

operation. As the simulation results show, the proposed
control method can properly produce the expected
output voltage with acceptable accuracy. It should be
noticed that the control method with such operation

and capability has not been presented so far.

A2

IWAY (ylimno) 9 3uls — 299 0 lould — o0 Jluw = (4l ) g wiSUl g (& p2 (scdien g ol

Vo[V] i = Vo,Measured

100

00 -

i — Vo,Desired
0.02 Time [Sec] 0.04

a 0.01

(a) With three power switches

Vo[V] . ! — Vo,Measured

100

-100

o,Desired
0. 02 Time [Sec] 0.04

0 0.0

(b) With six power switches

Vo[V] i — Vo,Measured

100

-100

— Vo,Desired
0. uz Time [Sec] 0.04

0 0.01

(c) Proposed topology

Fig. 13: Output voltage under distorted conditions

6.5. Simulation Resultsfor Output Voltage
with Different Output Frequencies

In this section, the aim is to show that the propose@
control method can generate the different frequencieg
at the output voltage. In order to reach this aim, thé
input voltages are considered as balanced according %
(1) and the output voltage is considered as balanced as
(2). Fig. 14 shows the simulation results with two 8

different frequencies of , =60Hz and f, =35Hz for &
the proposed converter. Notice that, the same resulé

can be obtained for conventional converters. As thesg
results show, the proposed control method does ncﬂ
limit the generated output frequency. This result is trues
even if the input voltages are considered unbalance
and significantly distorted.
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Fig. 14: Output voltage of proposed topology for different
output freguencies

7. Comparison with Conventional

Control Method

In order to compare the proposed converter and control
method with a conventional three-phase to single-phase
ac/dc/ac converter with SPWM control method, the
conventional ac/dc/ac converter has been simulated. To
achieve high value of the dc voltage, the full-wave
three-phase rectifier circuit has been used at the input
side of ac/dc/ac converter. It is important to note that in
half-wave and full-wave three-phase rectifiers the
average output voltages ar€.82¥%. 6 1.65¥,

respectively [24]. The used capacitor in dc link is
considered large. So, the voltage of dc link can be
assumed constant. The single-phase H-bridge inverter
is used at the output side of ac/dc/ac converter. In this
inverter, the maximum achievable amplitude at the
output is limited to the value of dc link voltage. The
same data given in Table 4 is used for simulation. Fig.
15(a) shows the output voltage and Fig. 15(b) shows
the output current. Obviously the voltage and current
contain high order harmonics. Figs. 16(a) and 16(b)
show the spectrum of the output voltage and current
respectively. Comparing these figures with that of the
proposed converter shown in Fig. 9(c), it can be
concluded that the harmonics of the proposed converter
with the proposed control method is lower. Also, the
THD of the output voltage and voltage and current is
86.55% and 6.14%, respectively. Considering Table 5,
voltage and current THD of the proposed converter are
much lower than these values.
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Fig. 15: Simulation resultsfor a three-phaseto single-
phase ac/dc/ac converter, (a) output voltage, (b) output
current
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Fig. 16: (a) spectrum of the output voltage, (b) spectrum
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8. Conclusion

In this paper, a new control method is proposed
through which multilevel matrix converter can be
easily made with no requirement to any extra element.
This control method is based on the minimum error
between the expected and generated output voltages. In
this method, the switching frequency of the converters
is drastically decreased which leads to reduction in the
switching losses and consequently increases the
efficiency of the converters. Also low speed
semiconductor devices can be used to make switches
whose advantage is noticeable decrease the cost of the
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converters. In addition, for higher capability of
multilevel matrix converters, a new topology by adding
two switches to the converter is proposed which
permits increasing the modes of matrix converters
drastically. The proposed control method and topology
has the ability to generate the desired output voltage
from any kind of three-phase system regardless of the
degree of unbalance and amount of distortion. It should
be reminded that although a little error exists in
produced amplitude of voltage, in a lot of applications
where the consumer is not sensitive to amplitude of
voltage, this error does not make any problem. In
return, the proposed method has particular capabilities
and advantages that are very valuable in the
engineering world. In the proposed method, because of
remarkable decrease afv/dt in output voltage, their
stresses on the load is extremely decreased. As a result,
EMI decreases considerably.
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