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Abstract

This paper proposes the modulation and control of a three-to-six-phase matrix converter with an asymmetrical six-phase output.
The matrix converter (MC) outputs consist of two sets of three-phase spatially shifted by 30°, where the two sets have two isolated
neutrals. The space vector approach is considered for the modeling and subsequent modulation of the three-to-six phase MC. The
intelligent selection of voltage space vectors is made to synthesize the reference voltages and to obtain a sinusoidal output. The
dwell times of selected voltage space vectors are adjusted in such a way that the effect of the second and the third auxiliary plane
vectors (i.e., x/-y1, and x2-y2) are nullified. To achieve the maximum output voltage gain and to ensure that no reactive power is
drawn from the utility supply, the input side power factor is maintained at unity. Nevertheless, the source side power factor is
controllable. The modulation technique is implemented in dSPACE working in conjunction with a FPGA. Hardware results that

validate the proposed control algorithm are discussed.
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I. INTRODUCTION

Multiphase drives have been receiving increased attention
from the industry and academia due to their essential advantages
when compared to their three-phase equivalents. This is
especially true in high-power and medium-voltage drive
applications where reliability is a crucial concern. Multiphase
motor drives offer various benefits such as torque pulsation at
a higher frequency, reduced per phase current, reduced per-leg
converter rating, higher fault tolerance, the possibility of
independently controlling more than one motors when supplied
by only one multi-leg converter [1]. These features make them
attractive for many high-power medium-voltage industrial
applications. Most of the literature on multiphase motor drive
systems discusses six-phase systems because they are a
multiple of the existing phase number of three [2]-[4]. This
makes the control techniques a simple extension of the
applicable methods of three-phase systems.

There are two basic types of six-phase motors configurations:
symmetrical and asymmetrical. The symmetrical structures
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consist of six windings having a phase displacement of 60°. In
the asymmetrical structure, two sets of balanced three-phase
windings are displaced by 30° in space [5]-[8].

It has been observed that there are a lot of harmonic currents
if space vectors PWM (SVPWM) is extended from the concepts
of a three-phase system. The dedicated control strategy to
mitigate harmonics is complicated due to its complex converter-
machine model. Transformation in the d-q-0 reference frame
helps in developing simplified control algorithms for the
machine [9], [10]. For a six-phase system, a space vector
decomposition control technique is proposed in [6]. In this
control technique, the six-dimensional space vector is divided
into three two-dimensional orthogonal subspaces. Thus, it is
now possible to model the machine with three sets of
decoupled equations.

In a variable speed motor drive system, the electric machine
is supplied through either an inverter or a MC. Most studies
illustrate multiphase inverter-fed motor drive systems. However,
a MC offers some other advantages not available in inverter-
based drives. The MC is a bi-directional AC-AC converter
without a bulky capacitor. The significant advantages offered by
MCs are: i) bi-directional power flow, ii) capacitor free power
exchange, iii) sinusoidal source current, and iv) controllable
input power factor [11]-[13]. However, in MC control, a larger
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number of active components are required, and the complexity
is significantly higher.

Generally speaking, there are two types of MC: direct and
indirect. Numerous techniques have been reported in the
literature for the control of a conventional MC with a three-
phase input and a multi-phase output. A MC fed multiphase
motor drive system was recently introduced in [14]-[18]. In
these papers, five-phase induction motors were mainly
discussed. Limited six phase research work was reported in
[17], [18]. In these papers, the six-phase induction motor is fed
by a six-phase inverter or a MC. A direct modulation algorithm
was proposed in [18]. Direct control is simple for realization
purposes. However, precision and flexibility in control are
difficult to achieve.

In the recent past, both carrier-based and SVPWM schemes
for multiphase MCs have been developed [19]-[21]. However,
the emphasis was placed on the SVPWM methods [22]-[25].
The carrier-based PWM method is a lot simpler for execution.
However, many of the properties of multiphase systems are not
immediately observable. Consequently, the SVPWM control
technique has been predominately under research. Hence, in
this paper, the same technique is investigated and reported.
Therefore, six phase MC control followed by space vector
pulse width modulation is performed. This is used to control a
double 3-phase isolated load as a first stage for showing the
benefits of using this technology. This paper presents the
implementation of a testing environment for one of the most
promising multi-phase solutions.

This paper is structured as follows. Section II presents the
modelling of a three-to-six phase indirect MC, where the
possibilities of the switching states and their proper selection
are explained. In section III, SVPWM control for a three-to-
six phase MC is explained. In section IV, switching selection
and their sequence of operation is presented. In section V,
some simulation results are presented. In section VI, the
algorithm is implemented in a field-programmable gate array
(FPGA) and is tested using a six-phase asymmetrical R-L load.
Section VII analyses the obtained results. Finally, section 8
draws some conclusions.

II. MODELING OF A THREE-TO-S1X PHASE
MATRIX CONVERTER

Based on conversion stages, a MC can be direct or indirect.
In this paper, a direct MC based on an indirect approach is
considered for modulation and control. The indirect MC has two
conversion stages. These are the rectification and inversion
stages. A power circuit diagram of a three-to-six phase indirect
MC with a dual three-phase load is shown in Fig. 1. The MC
consists of a rectifier and an inverter connected with a fictitious
dc link. The input of the rectifier of the indirect MC is a three-
phase balance AC source.

For MC control, the output voltage and the input current
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Fig. 1. Diagram of the proposed three-to-six phase MC.
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Fig. 2. Current space vectors of the rectifier stage of a MC.

displacement angle ¢;, are taken as reference quantities. Since
the input phase voltage vector e; is imposed by the source
voltages and is also determined by measurements, the control
of ¢: can be achieved by controlling the phase a: of the input
current vector [26]. Therefore, it is essential to control the
input current and output voltage reference for the control of the
MC. The parameters ¢;, a; and e; are shown in Fig. 2.

A. Modeling of the Three-Phase Rectifier

It is assumed that the source is balanced in Fig. 1, where S;
(i = a, b, ¢) is the switching function. When S;=1 (i = q, b, ¢),
the above bridge arm is ON, while the lower bridge arm is OFF.
Therefore, the switching function S; is defined as:

Si=1: the upper bridge arm is "ON" and the lower bridge arm
is "OFF".
Si=0: the upper bridge arm is "OFF" and the lower bridge arm
is HON”

A space vector diagram of the input currents, obtained from
equation (1), is shown in Fig. 2.

2z

-2 J
i,-:g(ia+m'b+1<2ic),1<:e 3 (1)

There are nine possible switching combinations that lead to
the generation of nine different current space vectors. These
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TABLE I

OUTPUT VOLTAGE SPACE VECTORS IN THE D-Q PLANE (K IS SECTOR NUMBER THAT VARIES FROM THE 157 TO 12™ SECTOR)

Number of vectors

Vector representation Space vectors

4 0,63,21,38 0.0 Vap pe.ca
j(zk—l)ﬁ
12 41,54,25,36,26,45,22,9,39,27,37,18 01728 . oo X B
" 32,53,16,58,40,61,20,62,8,29,4,46, jzkﬁ
10,31,5,47,2,23,1,43,34,55,17,59 03333V, pecaxe 12
z(zk—nﬁ
12 50,57,52,24,44,30,13,6,11,39,19,33 04714V, . % 2
/<2k—1>ﬁ
12 49,48,56,60,28,12,14,15,7,3,35,51 0.6439 V500 % B
y-axis

28

axis
q] 60
Se

ctor

Sector
X

@

26

18

36

X-axis

3%53

44

5

27 37

5,47

40,61 N33

13

41
(b)

Fig. 3. Active voltage space vectors for an inverter in a three-to-six phase MC. (a) In the d-g plane. (b) Component in the x-y plane.

space vectors are spanned over six sectors (S7, S2..., and S6).
S1 indicates the first sector that spans from -30° to 30°. The
three-phase sinusoidal input voltage is divided every 60°,
where a PWM cycle is divided into six intervals. Thus, only
one phase current changes its direction in one PWM cycle in
any of the sectors. The switch modes include the /: (ac), I2 (bc),
I3 (ba), 14 (ca), I5 (cb) and Is (ab) vectors. Moreover, three zero
vectors can be obtained by simultaneously turning ‘ON’ the
upper and lower switches of the same leg of the rectifier, while
keeping other phases ‘OFF’.

B. Modeling of an Asymmetrical Six-phase VSI

In the inverter stage, all of the possible 26 = 64 vectors are

placed in 24 different directions in space forming four regular
polygons. These voltage vectors divide the plane into 12
sectors, each panning 30°. The output voltage vectors in the
space d-g, x-y and 0*-0" orthogonal planes can be defined by
equations (2)-(4). The positions of these vectors with their
amplitudes in a different sector are presented in Table 1.

Among them, only the large and second large length
polygons vectors and two zero vectors have been selected for
the implementation of SVPWM. Thus, 26 space vectors are
employed for synthesizing the reference, and the other 38
space vectors are discarded.

The space vectors Vg and Vi are shown in Fig. 3(a) and
Fig. 3(b), respectively. These vectors form four concentric
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polygons. The lengths of the output voltage vectors are:

V,=0.6439 pu,Vy, =0.4714 pu =0.3333 pu, V5 =0.1725 pu.

> m

Here, the per unit is based on the output line voltage.

Six switching pulses for the rectifier switches and twelve
switching pulses for the inverter switches are developed in the
modulation. However, in the laboratory, these rectifier and
inverter switching pulses are mapped to directly control the
MC eighteen switches. The mapping is further explained with
the help of Fig. 4.

III. SPACE VECTOR PWM OF A THREE-TO-SIX
PHASE MATRIX CONVERTER

A. Space Vector PWM Control of Input Current

The input reference current is determined by two neighboring
current vectors. Thus, the input reference current in sector S1 can

be decomposed along the two adjacent space vectors i;/ and

(a) (b)
—d-q
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\ 48

(©)
Fig. 5. Active voltage space vectors in three-to-six phase matrix
converter. (a) Input current space vectors for S1. (b) Reference
vector control. (¢) Active voltage space vectors for sector-I in d-
q and their component in x-y plane.

L5 shown in Fig. 5(a). The duty cycles of the current vectors

of the rectifier stage can be expressed as:

d =T—7:mr><sin l—ai )
T 3
dg :T—‘S:m,xsin(a[) (6)
T
T,
dO:T—Ozl—dy—d(g (7

N

Where T is the time to complete one switching cycle, and
my is the modulation index (MI) of the rectifier stage. This is
defined as:

0<m, =1,/1,<1 (8)

B. Space Vector PWM Control of Output Voltage

There are eight voltage space vectors in sector-I. Among
them, {41, 54} are small vectors, {50, 57} are second large
vectors (Vsi), {48, 49} are large vectors ((77) and the remaining
two {32, 53} lie inside the sector (can be named as non-vertex
vectors). For obtaining a sinusoidal waveform with low total
harmonic distortion (THD), Vyris generated by four adjacent
V1 and Vs non-zero vectors and two zero vectors. The dwell
time of the switching vectors of sector-I for the selected
vectors are calculated and presented in equations (9)-(13).
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TABLE 11
SWITCHING CONFIGURATION FOR A MC WITH ITS CORRESPONDING OUTPUT VOLTAGES AND CURRENTS

Sec.1 | A B C D E F Vas | Vec | Voo | Vo | VEr | Vra | ia ib ic
To(bb)-Va b\ ( b\ b b b\ 0 0 0 0 0 0 0 0 0
I(ab)-Vso &/ [N/ [ b b b 0 Var |0 “Vab | Vab | -Vap | +ia | -ia |0
Is(ab)-Vss | a a b b b b\ 0 Voo |0 0 0 Voo | +ia |-ia |0
Is(ab)-Ve | a a [ b\ b b a 0 Voo |0 0 “Va | 0 i -0 | O
Ie(ab)-Vs7 | a a Na/ @ [b\ a 0 0 Voo | 0 “Va | 0 +ia [-ia | O
Io(aa)-Vai | a a a a (2_1)\ a 0 0 0 0 0 0 0 0 0
Li(ac)-Vs7 | a a [a ¢/ \¢/ |a 0 Va |0 Vaa | -Vea | Ve |-ic |0 +ie
Il(ac)-v49 a a \C C C a 0 -Vea 0 0 0 Ve - e 0 +ic
Li(ac)-Vas | a a c c ﬁ:\ c 0 -“Va |0 0 Ve |0 - ic 0 + ic
Ii(ac)-Vs [a\ 3\ c c Q) c 0 0 Va |0 Va |0 -ie |0 +ie
I (cc)-Var \¢/ \cj c c c c 0 0 0 0 0 0 0 0 0

T, . 0 opposition, which restricts the cancellation of x-y. For this
d, =—%=m,.sin(30" —«a,) O] . . .

T, reason, the effect of x-y is present in the output, which causes
more losses. Thus, only large and second large voltage vectors
dy = T_ﬂ = m,.sin(a, ) (10) are selected. In the proposed .control, nullif?/ing.the effect of
Ts the x-y plane space vectors is elaborated in Fig. 5(c). The
T cancelation of the x-y plane vectors is illustrated for sector-I,

do; = TL; =1-d,—dg (11) and the same concept is applied to the other eleven sectors.

0<m,=xV, IV, <1 (12)
IV. SWITCHING CONTROL OF A MATRIX
For sector I, CONVERTER USING SVPWM

0<a, =(w,t+30") < +30° (13) The active switching states for the resulting output voltage

Here, d., dg and dos are the duty ratios for the voltage space
vectors in the directions shown in Fig. 5(b). These times of
operation can be adjusted among the vectors lying in their
direction. my is the MI of the inverter that is the ratio of the
peak output voltage and the fictitious DC link voltage. The
reference voltage vector angle is Q.

The proposed control technique aims to reduce the THD to
get a sinusoidal output current. To achieve this, the effect of
the x-y component in the output should be eliminated or
minimized [23]. To achieve the minimum x-y effect, the
selection of space vectors and their operation times are
essential. For sector-I of the inverter, the position of the
voltage vectors and their x-y components are shown. The large
vector with -15° angles has a small length x-y component in
the direction of 75°. Similarly, this is shown for all four active
vectors. Just by a proper adjustment of the voltagextime
application of the vectors, the effect of the x-y component can
be eliminated, i.e. a large vector causing a smaller x-y operated
for longer than the second large vector. The operation time is
shared as Vigxtss=Vs7xts7.

On the other hand, if six active vectors in a sector are applied
for reference control, the x-y mapping is not exactly in phase

in sector-I of the inverter and the input current of the rectifier
are tabulated in Table II. In the third row, the switch
configuration of the rectifier allows the flow of the current i,
through input phase ‘a’ and -i, through input phase ‘b’. This
means the input phases ‘a’ and ‘b’ conduct to get output
voltage at the inverter output terminals. In the inverter stage,
the input phase ‘a’ is connected to the output phase legs ‘A’,
‘B’ and ‘E’ and the input phase ‘b’ is connected with the output
phase legs ‘C’, ‘D’ and ‘F’. In a switching cycle, the total
number of commutations is 16.

There are eight active switching combinations for sector-1.
These combinations are shown in Table II with their respective
output voltages and input currents. The overall output voltage
formation for a complete switching cycle of a three-to-six
phase MC for sector I is shown in Fig. 6. The reference current
vector /et is synthesized from the two vectors I and Zo.c. Where
lua is used as a zero current vector. The output reference
voltage vector located in sector-I in the inverting stage follows
the sequence Vio-Vso-Vas-Vao-Vsr-Va1-Vsr-Vao-Vas-Vso-Vaz.

Fig. 7 shows the locus of the maximum output of the voltage
space vector in the linear operating range that is displayed by
Vs_mas.
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TABLE III
SIMULATION PARAMETERS
Source voltage Vohase= 100 V
Load parameters (R-L load) R=40Q,L =140 mH
Switching frequency fow=2kHz
Input frequency (f;,) fi=50Hz
Output frequency f=25Hz, 60 Hz
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Fig. 6. Synthesis of the output voltage of a matrix converter.
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of MI

Fig. 7. Locus of the achievable range of a reference voltage vector
for SVPWM in the linear operating range.

V. SIMULATION RESULTS

Due to the presence of discontinuous input currents, the MC
behaves as a source of current harmonics, which are injected
back into the AC mains. Since these current harmonics result
in voltage distortions that affect the overall operation of the
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Fig. 8. d-q and x-y components in the load current.

AC system, they have to be reduced. Therefore, it becomes
necessary to use an input filter, which is the interface between
the voltage fed source and the converter [27]. Meeting the
requirements an L-C filter is achieved in the lab with the
parameters 0.0032 H and 6 pF. With an inductance, a
resistance of 0.9 ohm is connected in series.

A simple R-L load is considered to validate the control
scheme of a three-to-six phase MC fed asymmetrical six phase
load system. The simulation parameters are shown in Table III.
The simulation is presented at two different output frequencies
of 25 Hz and 60 Hz. These frequencies are chosen to illustrate
the viability of the control technique for a large range of
operating frequencies. Moreover, it works in the full linear
range of MI of the MC. The simulation is performed at a MI of
0.8 p.u.

The effectiveness of the schemes is observed by the nature
of the waveforms and the voltage transferred to the load. Two
sets of three-phase voltages are obtained at the output of the
MC, which can be used to feed an asymmetrical six-phase load.
The d-q and x-y components in the load currents are shown in
Fig. 8 at two different frequencies. The x-y component is
almost eliminated. The line voltages across the load are shown
with their spectrums in Fig. 9(a) and 9(b). Fig 9(c) and 9(d)
show the unity power factor operation of the MC since the grid
voltage and filtered input current are in the same phase. The
voltage harmonic spectrum shows that the switching frequency
component of the harmonics and their sidebands are present
and that double the switching frequency is the dominant
frequency. This results in a lower contribution in the THD
since the switching frequency is much greater than the
modulation frequency.
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VI. EXPERIMENTAL RESULTS

For the testing and validation of the analytical and simulation
results, a prototype of a three-to-six phase MC is developed in
the laboratory. The control code for the MC control is
generated in a system generator and build in dSPACE 1006 in

combination with a FPGA board DS 5203. In the turn ON and
turn OFF processes of two switches of the same leg, a dead
band of 2 ps is given. For the creation of the dead band, an
external Xilinx FPGA controller is used, which is programmed
in VHDL. The experimental and simulation parameters are the
same. Experimental results are presented in Fig. 10 and Fig. 11.
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Fig. 12. Experimental results of a three-to-six phase MC. (a) i, with spectrum at the output frequency fo = 25 Hz. (b) i» with spectrum at

the output frequency fo = 60 Hz.

To test the proposed MC based load system, a wide range of
operating frequencies and modulation indices have been taken.
Fig. 10(a) and 10(b) show output voltage waveforms along
with FFT spectra for an R-L load at operating frequencies of
25 Hz and 60 Hz at a MC MI of 0.8 p.u. It can be observed that
there are large harmonic components that appear as sidebands
in the neighbourhood of multiples of the switching frequency.
Fig. 10(c) and 10(d) show the load current with its THD
spectrum. Fig. 11(a) and 11(b) confirm the balanced operation
of the three-to-six phase MC. Meanwhile, operation at a unity
power factor at the input side is confirmed from Fig. 11(c) and
Fig. 11(d). It is observed that input voltage and current
maintain a unity power factor and that the output current is
almost sinusoidal.

Filtered source current is shown in Fig. 12(a) and 12(b) for
25 and 60 Hz, respectively. This shows that lower order
harmonics are present. The first dominating harmonic is the
fifth order which is 4.39 % of the fundamental at 25 Hz and
5.93% at 60 Hz of output frequency operation. There are large
harmonics in the source current that may be due to dead time
operation and improper filter value selection.

VII. PERFORMANCE ANALYSIS AND DISCUSSION

With the help of simulation and experimental results, the
proposed control technique is validated. In this section, the
performance factors are considered. These factors include the
output voltage, THD, switching losses and efficiency. Based
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Fig. 13. Three-to-six phase matrix converter. (a) Voltage transferred
to the load. (b) THD in the output line voltage.

on these factors, the proposed system is analyzed from the
obtained results.

A. Voltage Transferred to the Load

In the linear range of operation, the six-phase inverter has a
maximum output in [28], 1/[2cos(I/12)] = 0.5176*Vae.
Meanwhile, the length of the largest rectifier equivalent of the
input side can be written as 0.66Va.. Here, Va is the magnitude
of the output voltage of the fictitious dc link. Thus, the total
maximum output of the MC can be written as a ratio of the
largest six-phase inverter output and the largest space vector
length of the input side rectifier. This comes to 0.7764.
Meanwhile, the transfer limit decreases with an increase in
phase number. That is 0.7886 and 0.7693 in a three-to-five MC
and a three-to-seven phase MC, respectively.

Hence at the output of the MC, only 0.7764 times the input
voltage can be obtained with the proposed control method of
SVPWM. The total output of the MC at different MI is plotted
and shown in Fig. 13(a). It is found that the output voltage of
the MC varies almost linearly with the MI. Experimental and
simulation results are well matched for the full linear range of
operation.

B. Total Harmonic Distortion in the Output Voltage

Since the MC produces switched output voltage of the
fundamental frequency, the distortion in the output voltage is

mainly due to the switching frequency and its sidebands. The
THD in the output voltage is graphed and presented in Fig. 13(b)
for simulation and experimental results. The experimentally
obtained output voltage has a higher THD than the simulated one.
This difference is mainly due to the non-ideal conditions in the
experiment in in comparison with the ideal conditions used in
the simulation. The main reasons for this include the effects of
sampling time and dead time. The sampling time of the
experimental code is 20 ps. Meanwhile, it is only 2 ps in the
simulation. The larger sampling time results in higher
harmonics. Moreover, a 2 micro-second dead time between the
‘on’ and ‘off’ of the two switches is provided. Meanwhile,
dead time operation is not considered in the simulation. This
results in a significant variation in the simulated and
experimentally obtained THD values. In the SVPWM, the
control variables follow the desired references in a sector.
When the reference signal has to be increased, the time for the
application of large vectors is also increased, which is
accompanied by a decrease in the time of the application of the
second large vectors. It is observed that with an increase in the
ML, the THD in the output voltage decreases in the linear range
of operation of the MC.

C. Switching and Power Loss Analysis

There are switching and conduction losses in the switches
of the matrix converter. The conduction loss is proportional to
the forward voltage drop across the switch and the current
carried by the IGBT. The conduction loss is the sum of the
conduction loss in the IGBT and its associated diode. This is
formulated in (14).

Therefore, the conduction loss in the MC is slightly higher
than that of the inverter. There are switching losses during the
switch state transitions. The switching losses are also
proportional to the switching frequency of the converter [29],
[30].

D. Matrix Converter Losses

The conduction losses of the converter can be written as
equation (14). This is a product of a voltage drop during
forward conduction, the average current in the switch and the
duty cycle of the switch.

Pcon.ph = i [(Vcenlcndn)-k(anlfcndn )] (14)

n=1

Where Ve is saturation voltage, /. is the IGBT collector
current, Vris the diode forward voltage drop, and Iris the diode
current in the forward condition. In addition, the switching loss
in a switch of the MC can be calculated as a product of the
energy loss in a pulse and the switching frequency. It is given
as:

Psw,ph :3](.5 XEloss (15)

The total loss of the converter is the sum of the conduction
and the switching loss.
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Fig. 14. Three-to-six phase matrix converter. (a) Power loss during
a switching state transition and conduction. (b) Converter
efficiency.

Ploss = G(Pcon,ph + Psw,ph ) (16)

The switching power loss in an IGBT of a three-to-six phase
MC is shown in Fig. 14(a). A SKM75GB128D, a reference
voltage 600 Volt and 50 Amp IGBTs are used. The other
electrical parameters are Eon= 6 mJ per pulse, Eosr= 8 mJ per
pulse, Vceo=1.15 V, VFr= 0.8 V and rce= 24 mQ.

The power loss of the three-to-six phase MC is calculated
for the linear range of the modulation index. The output
frequency is 50 Hz, and load parameters are the same as the
experimental load. Measurements include the input and output
power to the MC. The remaining power is the power loss
during switching and the clamp circuit loss due to dead time
operation during phase transitions.

P
nmnv = —2 > Pin = z Vin Iin COS( ¢z) (1 7)
P[n in=a,b,c
Pout = Z Vout [out COS(¢0) (18)
out=A...E

Where, Vin, Iinand ¢b; are the input voltage, current and input
power factor angle, respectively. The operation is maintained
at a unity power factor. Vou, lourand ¢po are the output voltage,
current and output power factor angle, respectively. Fig. 14(b)

shows the experimentally tested efficiency of the proposed
three-to-six phase MC at different MI. There are two major
contributors for the losses in the converter. The losses due to
the switches and losses due to the clamping circuit. The
efficiency of the converter is higher when operated at higher
modulation indices. The clamp circuit consumes a significant
amount of energy. Therefore, a method should be devised to
reduce such losses.

VIII. CONCLUSIONS

In this paper, a SVPWM for a three-to-six phase MC fed to
a six-phase asymmetrical load with an isolated neutral has
been developed and analyzed. The detailed modeling and the
SVPWM are presented. An intelligent switching sequence and
the dwell time for the selected switches in a switching cycle
have been given. Since the load is asymmetrical, the phase
displacement between the voltage vectors of the inverting
stage is maintained at 30° between two sets of isolated three-
phase loads. The space vectors in the d-g plane are controlled
to nullify the effect of the x-y plane vectors. The other aim is
set to achieve sinusoidal operation of the MC up to the
maximum attainable output voltage. A three-to-six phase MC
is implemented experimentally, and the SVPWM control is
verified by waveforms of the voltages and the corresponding
harmonic spectra. The operation is verified for a wide range of
operating frequencies and the full linear range of the
modulation index. Furthermore, a loss calculation is done and
presented for the calculation of the efficiency of the MC.
Simulation and experimental results are presented, which
validate the effectiveness of the proposed control algorithm.
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