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Abstract: The Space vector Modulation (SVM) is most appropriate modulation technique used for power
converters/inverters among the various Pulse Width Modulation (PWM) techniques. SVM plays major role in the
reduction of Total Harmonic Distortion (THD) due to rapid switching inherent and it is well suitable for motor
applications rather than other PWM techniques. Harmonics is one of the major drawbacks in most of the application.
SVM has the major advantage is that complementary operation of switches takes place in a leg that is only one
switching device is made to turn on at a particular period. The proposed model has the effect of eliminating the lower
order harmonics using SVM technique and the effect of Zero Sequence Circulating Current (ZSCC) when inverters are
connected in parallel. MATLAB/Simulink is used develop the model. Results that were obtained from the simulation
confirmed the performance and effectiveness of proposed method.
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I. INTRODUCTION

Inverters/converters plays major role in the field of power
electronics, the inverters in the power electronic domain
denotes a class of power conversion(Power Conditioning)
circuits which are required for converting from one source
to other either from dc to ac and vice versa depending on
the source given to the circuit. The inverters were evolved
in the year 1960 [1]. Inverters are broadly categorized
depending on the supply they are voltage source (VSI) and
current source inverters (CSl).In voltage source inverter
the input is provided as dc voltage supply and one can
similarly think of a current source inverter (CSI), where
the input to the circuit is a current source. The VSI has the
direct control over the output (ac) voltage where as CSl
controls output ac current. The output voltage waveform
shape of an ideal VSI is independent of load connected at
the output. VSI are mainly classified into two categories
mainly based on the gate pulses. Gating pulses are of
PWM based and square pulses. Based on power
conditioning they are broadly categorized in to three
uncontrolled, semi controlled and fully controlled. In case
of uncontrolled and semi controlled the output ac voltage
is uncontrolled and partially controlled but in the case of
fully controlled converter the output voltage is fully
controlled and which is most preferable. For large power
conversion it requires inverters connected back to back
.Parallel operation of inverter/converter is employed in
large power applications. The important drawback of
inverters is that it contains harmonics of lower order when
they are applied to lower or medium power applications.
These lower order harmonics are caused due to different
modulation techniques. The lower order harmonics can be
effectively minimized using PWM technique .The
harmonics are minimized by varying the width of pulse
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using different PWM techniques. When inverters are
connected back to back Zero sequence path is established
between the inverters the major case for zero sequence
circulating current is zero sequence harmonic. One
simplest form of minimizing the zero-sequence circulating
current is to remove the zero-sequence harmonics within
the harmonic- elimination region which is said to be
Selective Harmonic Elimination PWM technique
(SHEPWM).

When inverters are connected in parallel they establish
two modes they are with zero sequence circulating current
mode and without zero sequence circulating current mode.
The most preferable technique is with zero sequence
circulating current rather than without zero sequence
modes in which the parallel connected inverters are
operated simultaneously and the power factor and
efficiency can be increased and they have appropriate
control over the output voltage. Different PWM
techniques such as Sinusoidal Pulse Width Modulation
(SPWM), Discontinuous Pulse Width Modulation
(DPWM), are used however they have limitations that
when the quality of carrier wave is decreased output
voltage quality of inverter is degraded.

The evolution of SVM which overcome the drawbacks
of different PWM techniques. Parallel operation of
inverters/converters can be employed in motor drive
systems rectifiers, micro grid systems, distributed
generation systems, power systems, and distributed
uninterrupted power systems. Among all the applications
Variable Speed Drives (VSD) perform dominant role
which is prescribed using different modulation technique.
Where the VSD’s are capable of changing the frequency
and voltage rapidly depend upon the speed and other

parameters. In SVM the entire unit of inverter is
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considered to be one. Other than PWM technique SVM
has finite number of switching states. In which they
consist of six active vectors and two zero vectors, totally
eight switching states.

This SVM technique has an advantage that it can be
expanded from existing three phase inverters to multilevel
inverters depending on its parameters and usage.
Minimization of the harmonic content in the power
electronics circuits is tedious and which lead to major
power quality issue. The harmonics can be minimized
using several techniques they are as follow as HEPWM,
SHEPWM, usage of Isolation transformer at the output
side, etc., among the all Selective Harmonic Elimination
(SHE) technique is most preferable for harmonic
reduction. Where the usage of transformer makes system
bulkier. The switching pulses are programmed by using
Optimization algorithms [5], [6]. When numbers of
inverters are connected in parallel ZSCC problem arises
between the inverters [7]. The ZSCC can be reduced by
connecting current-sharing inductors. The main cause for
ZSCC is triplen harmonics . The proposed real-time
method reduces the triplen harmonics which in turn
reduces the ZSCC.

The rest of this paper is organized as follows. Section 1l
reviews the theoretical background of the SVM technique.
The implementation of SVM in three phase inverter is
detailed in Section Il1l. Section IV presents the simulation
and experimental results of the proposed method. The final
section contains conclusions of this paper.

Il. SPACE VECTOR MODULATION

rd
SVM is similar to that of Sine+3 harmonic PWM

technique which is the modification of sinusoidal PWM
technique. The SVM technique differs from the actual
PWM by implementation. In SVM the combination of
three phases is considered to be one vector. In which the
three phase inverter instantaneous voltage differs from
phase voltages. However the instantaneous magnitude of
inverter is matched with the phase voltage at six discrete
instants at the instant one of the phase voltage has
maximum positive or negative peak magnitude and other
two have half of the peak magnitude where the polarity of
peak magnitude varies from the other two phases. Initially
three phases are submerged into two phases for simplicity
[2]. Here space vectors are demonstrated as time varying
quantities which always sum to zero and are separated by
120 degree are expressed as space modulating vectors. The
three phase systems are given as Va(t), Vb(t), Vc(t)) can be
represented uniquely by a rotating vector,

V=VA (1) +VB (t) ¢j2I1/3+ VC (t) e-j211/3 (1)
Where,

VA (t) = Vm sinwt 2
VB (t) = Vm sin(wt-27/3) (3)
VC (t) = Vm sin(wt+27r/3) (4)

Here three phase frames are converted into two phase
frames by using different transformation. The different
transformation for transforming static to rotating frames
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are Park, Kron, Clarks transform etc., Among the above
Clarks transformation is preferred for three phase to two

phase transformation. In a three-phase system, the
vectorial representation is achieved by the 3/2
transformation given in figurel.
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Figurel. Relation between Stationary frames and rotating xy frames
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Figure2. Three phase inverter configuration

The orthogonal two phase system are given as (VX, VY),
Where, V=Vx+jVy (3) The VSI configuration is shown in
figure 2. Shows a three-phase voltage source inverter
whose output terminals are fed to the three terminal of a
three-phase ac machine. Three phase normal inverter is
used here and the inverter is connected to the voltage
source of Vdc. From the knowledge of 3-phase voltage
source inverters, it may be obvious that the two switches
of each inverter leg don’t conduct at the same instant.
Thus the six switches of the three legs will have a
probability of eight different switching combinations are
stated as shown in table 1.

TABLE |
switching logic and voltage magnitude of SVM

Voltuge s ;n;v:lt :::n;_ J;:;:ﬂgf'“ﬂ'"l Line - Line Voltage
Vectors T -

A|B|C| Vo Via Vi Vi Vi Va

Vo 0|0 |0 0 0 0 0 (] 0

Vi 1 |o|o| 23 -3 | -13 1 [} -1

Wa 1 1 0 173 1 13 0 1 1

Vi | [} 1 0 173 2 -113 -1 1 1]

v, o112 | 13| w3 | ]| o 1

Vi olof1|aa| w230 2] 1

Vg 1 0 1 113 -3 13 1 1 o

Vs 1 1 1 0 0 0 0 0 o
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Among the eight combinations, two combinations in
which when all the upper switches or all the lower
switches of each pole are simultaneously turned ON at the
same instant result in zero output voltage from the
inverter. These two combinations are referred as null
states/vectors of the inverter. The remaining six switching
combinations, wherein either two of the high side (upper)
switches and one of the low side (lower) switch conduct,
or vice-versa, are active states/vectors. The active voltage
vectors have the magnitude of Vdc and the null voltage

vectors consist of zero magnitude. The non-zero vector
namely V1 to V6 shape the hexagon axis as shown in
figure 3 and the angle between two non-zero vectors is 60
electrical degree. The null vectors VO and V7 represent the
short circuit on the output, where others are vectors in x-y
plane. These eight vectors are called the space vectors.

V,(100)

(001)V, <, SAVL(010)

Vs (011)

Figure3. The voltage space-vectors output by a
3-phase VSl inverter

I1l. BLOCK DIAGRAM

The proposed technique is to reduce the zero sequence
circulating current between the inverters when more than
two inverters connected parallel for bulk power
application. In advance they are quite different from the
different PWM techniques which can be employed for
motor control applications by minimizing the Total
harmonic distortion. The overall system consists of a
Space Vector PWM (SV-PWM) pulse generator, power
inverter module and a three phase induction motor load

SVM
Generator

|

Inverter

Induction
bc motor load

Source

— output

Figure4. Block diagram of the system

Figure 4 gives the one line diagram of an inverter
connected to a motor load which is lead by the SVM
pulses. In this category minimization of THD is only
concentrated and in which they does not have any effect of
Zero Sequence Circulating Current (ZSCC) since they
have only one inverter configuration.
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Figure5. Block diagram for two inverters that were connected in parallel

In this session the block Figure 5 represents the overall
operation of the proposed system. The SVM pulses are
generated using SVM pulse generator and those where
given as input to the inverters. The inverters are operated
between the common dc and the ac bus. The resistance of
both current sharing inductors and inverters is negligible.
Three phase induction motor load is used here and effect
of Zero Sequence Circulating Current (ZSCC) and the
harmonics are studied using the proposed system.

IV.SIMULATION AND RESULTS

As shown in the figure 6(a) two three phase inverters are
connected in parallel forwarded to a motor load. The
inverters are provided with three phase SV-PWM pulses
and the zero sequence circulating current is plotted using
mathematical model.

7 D Vilage

Figure6(a). Parallel inverter connected to motor load.
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As shown in the figure 6(b), the three phase SV-PWM
switching signals are sent out of the SV-PWM function
generator to the input ports of the multiplexer. A three
phase SVM gated inverter with Permanent magnet
Synchronous motor load is considered. A complete
mathematical model of the SV-PWM is obtained and
simulated using MATLAB/Simulink to estimate the
performance of a three phase inverter. Similarly two
inverters are connected in parallel provided with SVM to
study the ZCSS performance and which is plotted in figure

control_signals
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Figure6(b). Simulation of three phase inverter with SVM technique
RESULTS

Figure 7 shows the induction motor stator current
produced in the system

Figure7. Motor Current results
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Figure8. Motor speed and Torque

Figure9. Zero Sequence Circulating Current

Figure 8 represents the speed and the electromagnetic
torque of the motor. The THD values are calculated after
the development of the system and they are tabulated to
analyse the performance of the system. The THD is
mainly depends on the stator phase output current. The
harmonics present in the three phases are obtained using
the simulation results. The simulation result concludes that
harmonic content in the system is less when compared
with different PWM technique. The tabulation shows the
values of the harmonics in the system and also the system
appendix

TABLEI
THD analysis of load currents
Voltage | Frequency M.1 THD of
in volts in Hertz phase
current
Phase a 400 50 0.8 0.48
Phase b 400 50 0.8 0.47
Phase ¢ 400 50 0.8 0.49
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V.CONCLUSION
Here the proposed SVM based three phase inverter
system is designed and simulated using

MATLAB/Simulink. Rather than comparing with different
PWM technique such as SHEPWM, SPWM, the SV-PWM
has the best result of reduction of harmonics. In which the
harmonic content is brought down from 17.09% in SV-
PWM when compared to conventional PWM techniques.
The proposed technique eliminates Zero Sequence
Circulating Current (ZCSS) at MI around unity and
medium or low MI. This model can be applied to various
motor applications and also to non-linear loads to get a
less distortion output. The main advantage contributes to
bump less transfer. Experimental results that were
obtained from the SV-PWM analysis validate the
performance and effectiveness of the proposed method for
motor control and ZCSS reduction in parallel inverter
operations.
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