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Abstract. Four-leg voltage-source shunt converters can effectively provide the
neutral connection in three-phase four-wire systems. They can be used in an in-
verter, a rectifier, as an active filter and in various power quality conditioner
applications to handle the neutral current caused by the unbalanced and/or
nonlinear load. Three-dimensional space vector modulation schemes were pro-
posed for controlling the four-leg voltage-source converters. The additional
fourth neutral leg makes space vector modulation control a difficult task.
Therefore, an alternative control strategy is proposed in this paper. A simple
delta modulation with confined maximal switching frequency that provides a
fast response and easy implementation for digital discrete time systems is cho-
sen. For the driving of the fourth neutral leg traditional PWM modulation is
employed. Proposed driving algorithm is verified by simulations in an ad-
vanced software package, namely PSCAD/EMTDC.

1 Introduction

The first configuration of a four-wire shunt AF is known as the capaci-
tor midpoint type, used in smaller ratings. Here, the entire neutral cur-
rent flows through dc-bus capacitors and also the DC bus voltage utili-
zation is low.

The three single-phase bridge configuration is quite common and this
version allows the proper voltage matching for solid-state devices and
enhances the reliability of the system. However, 12 switches have to be
used. A more detailed comparison of the features of these topologies is
given in [1].

Therefore another configuration, known as the four-pole four-wire
type, which provides a good DC-bus voltage utilization and prevents
neutral current to flow trough DC-bus capacitor was chosen. The stan-



dard three-dimensional space vector modulation for four-poles voltage-
source converters is proposed in [2].

Some atypical topologies handling neutral current were also proposed.
One of them employing a transformer is described in [3].

Topology

The computation of required currents depends on the kind of condi-
tioner. Algorithms used for active filter, dynamic voltage restorers etc.
are universally known [4]. Therefore, the following text describes only
driving of four-pole converter in order to handle required currents
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Four-leg voltage-source converters can be obtained by replacing the
three-leg switching network with a four-leg switching network, as
shown in fig. 1. Let the switching function for each leg is defined as S,

= 1 when the top switch is closed and S, = -1 when the bottom switch
is closed k ={a,b,c,n}. If the DC bus voltage is sufficiently high, I
independent from v, is either deceased (when §;=1 and §,= -1) or

increased (when §;=-1and §,=1)j= {ab,c}.

Fig. 1 four-leg switching network



Description of driving algorithm

Switching pattern for phase-legs is created as shown in fig. 2. In order
to limit the maximum switching frequency, the decision about changing
conduction between top and bottom switches can be mode only at cer-
tain instants ("CLOCK" signal).
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Fig. 2 delta modulation

The synchronistic decreasing or increasing of all phase currents cannot
be permanently expected as desired. Therefore, instances when §,. S,
= 1 are inevitable. During these instances the first derivation of phase

currents depends only on their line voltages. Apparently, this first deri-
vation can differ from the desired one. The error is linearly depended

from ‘v j‘. Therefore, a cost function can be expressed in eq. 1 and sig-

nal “reference” computed according eq. 2 is used for standard PWM
control of neutral-leg as shows fig. 3.
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Fig. 3 PWM modulation

Results of simulations

The presented fig. 4 shows the basic functionality of the proposed driv-
ing algorithm. The injection currents of the four-leg voltage-source
shunt converter, which is driven by the proposed algorithm, compen-
sate an excessive neutral current caused by an unbalanced load.

Neutral current compensation |
Neutarl currents in the
16 — appliance —agrid
r \‘\‘\‘
+0.96| /s AN
S K
p \‘\“
/ \
+0.32 5 / 5
Z N ea L " \wwj{\ Y el N
—_ ‘me\wwmm\,,;u\/wm,wr(“M‘)‘)LN‘\A/V\“(\‘\‘)‘r\)ﬂ)‘)\‘w\p‘\f"“\JU L bt e Ao b AL A AR il
-0.32
\
N\ e
-0.96 ., S
., ﬂ‘,/‘/
L \ \ l
-1 @ 02 0.0242 0.0284 0.0326 0.0368 0.041
Time (sec)
Fig. 4 basic functionality
Conclusion

This paper proposes relatively simple control of four-pole for wire to-
pology converters that can be employed for various applications e.g. a
rectifier, as an active filter etc. However, the main weakness proposed



strategy - namely uncertain switching pattern - has to be considered for
using in large-scale industrial applications.
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