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Abstract:

The computational complexity of three dimensional space vector modulation technique (3DSVM) for
three phase four leg inverters with ghY coordinate system withcomparison with other conventional
methodsis discussed in this paper. Three dimensional space vector modulation is used to deal with
unbalanced load in three phase inverters. Unbalance in load in three phase inverters are due to a number of
reasons. Past researchers use different modulation techniques like offY" and abc coordinate system to
implement 3ADSVM. ghY coordinate system is a different system that combines the positive aspects of
previous versions with 60° coordinate system.

Keywords —3DSVM, computational complexity, SVM, Inverter, affY" coordinate, abc coordinate, ghY’

coordinate, unbalanced load.

b S S T R R S S S S S S R S

L INTRODUCTION

A three phase system must capable to supply a
balanced sinusoidal voltage and current, irrespective
of load, whether it is balanced or not. The power
quality problems increases everyday due to the
increase of decentralised generation of power using
renewable energy sources such as solar energy and
wind energy [2][3][4]. The quality of power is
characterised by harmonics, reactive power, neutral
current, voltage sags and voltage swells ,and power
quality decreases with population of non-linear
single phase loads and unbalanced three phase
loads[4][5]. The power quality improvement is
being raised by industrial, commercial as well as
residential power users[4][5]. Non-uniformly
connected non-linear loads like static converters,
electric machines and other unbalanced loads results
into harmonic currents and thereby degradation of
power quality. Common methods of power quality
improvements are transient suppressers, line voltage
regulators, uninterrupted power supplies, static
filters and active power filters [1][6]. Harmonic
pollution can be addressed by a four wire three
phase system, and a converter with four wires
provides a flexible control over the neutral
currents[7] caused by loads.

3D space vector modulation found applications
in power quality improvement by using active
power filters[3] or Active power compensators[5],
by injecting harmonics into the three phase system,
equal to the distortion provided by the loads, in
phase opposite, applied at the point of common
coupling[8][4].

This paper explains ghY coordinate system in
details, for dealing unbalanced system. In section 2,
it explains the structure of a three leg and four leg
inverters. In next section 3D-SVM is explained with
the need for 4 leg system. As the last section, ghY
coordinate is explained with comparison with older
coordinate systems like affY and abc.

THREE PHASE FOUR WIRE SYSTEMS

A. Classification of Three Phase Four Wire
systems

Inverter structure to mitigate the unbalance in
three phase system must have a neutral line for the
flow of neutral current [40][41]. Four wire inverter
topology is used to produce balanced output
voltages by controlling the neutral current, even
under unbalanced load[40][26]. The two popular
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configurations of converter that provide a neutral
connection as a feedback are,

(a) Split DC link capacitor type inverter [25][41].
(b) Four leg inverter topology [25][28][42].

B. Split DC Link capacitor type inverter

This is the simple approach to handle neutral
current by linking it to the center point of DC link
capacitors, so that the neutral current can flow
through the capacitors [25][19][29] Fig.1. This has
six switches and thereby reduced cost of installation
and switching loss. As the neutral point is connected
to the center point of DC link, the compensation
current will flow through the upper and lower
capacitors, causes variations in DC link voltages. In
[19][41] an algorithm that simultaneously control
current harmonics, neutral current and DC voltage
variation across capacitors, using 3D-SVM is
presented. Here two zero vectors that point to the
opposite axis are utilized for balancing the voltages
across the upper and lower capacitors.
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Fig 1 Four leg split DC Ink cpacitor topology

The drawbacks of this method are (i) high value
capacitor requirement for DC link voltage regulation
and (i) poor utilization of DC link
voltage[30][26][31].

C. Four leg inverter topology

This topology is the advanced alternate inverter
configuration to handle neutral due to unbalanced
load[32]. The drawbacks of split DC link capacitor
system can be solved using this configuration by
tying neutral link with fourth leg. Neutral link is
accessible for current compensation and provides
maximum DC link utilization[30], with other
advantages requires small capacitance value, EMI
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and CMYV reduction[31]. Compared to conventional
three legged converter controlled by 2D space
vector modulation, a four legged converter requires
3DSVM with sixteen switching vectors[33]. The
switching vector controllability of this topology is
better than split capacitor topology[21][26].
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Fig 2 Four leg inverter topology
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A. 3D Space Vector

3D space vector is the equivalent resultant
rotating vector from a three phase quantity. The
instantaneous voltage space vector can be expressed

asl/;z\/g Vo +a.Vy+ a2V,

2T
j=

_pm
s and a’? =e '

wherea = e
In conventional three phase inverter, an assumption
of V, + V, + V. = 0 is made, where the variables
are in a, b, ¢ coordinates. V. can be transformed
into variables in aff orthogonal coordinates Vg .
Using 3 sets of switches, a conventional inverter can
represent 8 possible switching vectors, and is
represented as a regular hexagon in 2D space
[25][41].

The necessity of three dimensional SVM is first
discussed with a scheme in [25][28],1997, and it is
considered to be the best switching scheme for a
three phase four-leg inverter with balanced or
unbalanced load. It represents the neutral current
resulted by unbalanced load as a third dimension,
and the scheme is a generalization of conventional
2DSVM [41].

In unbalanced three phase systemV, + V, + V. # 0,
due to zero and negative sequence current. These
three phase quantities are three independent
variables that can be transformed into three
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dimensional orthogonal coordinates
Vapy [25][13][7]. The transformation equation of
three phase quantity into afy coordinate is given by
Clarke transformation (7)

1
v, [1 -2 _E]Va
Vg =3‘0 L —ﬁ‘ Vs ©)
v| G, 2 2Ly,
2 PO
2 2 2

The orientation of switching vectors in 3D space is
shown in Fig.3.

B. Switching Vectors in three dimensional Space

In 2D system, a traditional three leg inverter has
only eight switching combinations using three
switches and its complements. In 3DSVM, the four
leg inverter has sixteen switching combinations
using four switches and its complements. The
switching pattern can be expressed as
[Sa,Sb ,Se) Sf], whereas a, b, ¢ and f correspond to
four legs in inverter and each switch, for example
Sycan be turned on or off and is denoted using 'p’
for indicating switch is on and 'n’ for indicating off.
Therefore using these switches, total sixteen
switching patterns are possible, in which two of
them are zero switching vectors(pppp, nnnn), and
fourteen are non zero vectors [34].

C. Reference Vector in Three Dimensonal Space

In order to maintain a balanced output in steady
state, the control reference voltage must be a
balanced three phase voltage with positive sequence
load current. In actual three phase system with
nonlinear loads, load current becomes corrupted by
positive, negative and zero sequence load currents,
and the reference vector becomes irregular[30]. If
the reference vector is balanced and rotating in a 2D
plane, the switching vectors need to have only eight
possibilities which can be represented in off plane.
The presence of load unbalance makes the system
to be represented in 3D using three orthogonal axes

afy.
D. Reference vector Synthesis in 3D space

In 3D-SVM the reference vector is in a 3D space,
whereas in 2D system it is in a regular hexagon.

Similar to 2D-SVM, switching vector selection and
projection of reference vector into the selected
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vectors are to be done in 3DSVM also [33][24]. In
3DSVM the selection of switching vector involves
complex steps like prism identification and
tetrahedron identification, equivalent to triangular
sector identification in 2D-SVM [28][25][34]. The
tetrahedron corresponds to the nearest vectors for
reference vector synthesis. The switching time
duration calculation of the selected vectors is very
similar to that in 2D system by projecting the
reference vector into adjacent non zero reference
vectors.

E. Sequencing of Switchning Vectors

Like 2D-SVM, the selected switching vectors
may be arranged in different schemes based on the
different optimization criteria[30]. Sequencing
schemes are categorized into Class I and Class II
based on the selection of zero sequence vectors [30].

Iv. GHY COORDINATE SYSTEM

The advantages in the 3DSVM using 60° coordinate
system, in which the voltage vectors were placed
into ghy coordinates was introduced in [34].
Intermediate variables found as a function of
reference vectors Vg, Vi,V were  used for the
determination of switching vectors and calculation
of duty cycles [41]. For a 4L inverter, projection of
switching vectors in 3D space on a 2D plain is a
regular hexagon, so it is feasible to create a 60°
coordinate system as gh coordinate. In ghysystem,
the axis g is taken to coincide with a of off
coordinate system in 2D, his taken at 60° counter
clockwise with g and y axis is taken perpendicular
to both g and h at the origin. The reference vector
Vrer in abc coordinate (Vur,Vpr,Vir) can be
transformed into (Vy, Vi, V) ghysystem [34].

pA I [
Vel =3 101 1 Vor 3
VY 2 2 2 ch

In [34] six numbers of intermediate variables are
obtained from (Vg Vy,V,) ,on which linear
transformations are  performed for  prism
identification, tetrahedron identification and for duty
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cycle calculation[34]. The intermediate variables
obtained from V,, V},, V, are,
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defined by five numbers of planes with three
boundary planes. To identify the current
tetrahedron, boundary planes are used. Using the
intermediate  variables x,y,z,s,qandw  the
tetrahedrons and their duty cycles can be
obtained[34] ,and the procedure is same as that of
abccoordinate system.

.Comparison of 3DSVM techniques

VL. RESEARCH in 3DSVM

Modified 3DSVM technique discussed in [26][40]
explains 3DSVM without zero vectors with the aim
of reducing the switching loss about 33% compared
to conventional 3DSVM, with improved DC bus
utilization.

The relationships
afy coordinate system and abc

between
coordinate
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system is explained in [39][40][41] along with
algorithm for continuous and discontinuous
3DSVM. It proposes a new technique for
tetrahedron identification and active vectors using
the relation between reference vector and
corresponding tetrahedron.

ViI. CONCLUSIONS

This paper discussed the comparison of ghY
coordinate system with other coordinate systems in
four leg inverters. The three phase inverter topology
is explained with three dimensional space vector
modulation in the first and second sections. The
improvements promised by ghY coordinate system
is explained with the help of comparison with abc
and afy coordinate systems.
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