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ABSTRACT

The Novel control strategy for reduction of harmonics in
three-phase four-wire distribution systems was presented in
this paper. The single phase loads connected to 3P4W
distribution system causes an unbalance current which results
in the flow of zero sequence harmonic component in the
neutral conductor of the distribution system. This effect leads
to over-burden on neutral conductor and also de-rates the
distribution transformer. A Unit Vector Control (UVC) based
series active filter was proposed to reduce the harmonic
currents in the neutral conductor during both balanced and
unbalanced loading conditions. In this method a series active
filter is placed in series with the neutral conductor. The
proposed method reduces the harmonics, improves the power
factor and balances the asymmetrical loads. The detailed
analysis of the proposed method based on unit vector control
was presented. The simulation results based on
MATLAB/SIMULINK were performed to verify the
effectiveness of the proposed method. The results are found to
be quite satisfactory in mitigating harmonics in the neutral
current.
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1. INTRODUCTION

Contamination of the power supply due to harmonics is a very
harmful and serious problem in Electric Power System. With
increase in the advancement of information technology, the
large number of computers and power electronic devices are
connected to the distribution systems. Electric power is
distributed through a three-phase, four-wire system in many
industrial and commercial sectors. Most of the loads in the
distribution system are connected to any one of the phase of
three-phase four- wire distribution system, which leads to the
unbalanced loading conditions. Due to this, a zero sequence
harmonic current and unbalance current flows through the
neutral conductor [1]. The power supplies consists of rectifier
with DC smoothening capacitors may also leads to excessive
current harmonics in the neutral [2].

These excessive harmonic currents causes the problems viz;
over loading of the neutral conductor, increases the size of the
neutral conductor, de-rating of the distribution transformer
and overheating of the distribution transformer.

Survey results across computer sites in U.S. shows that 22.6%
of the sites have neutral currents exceeding the full-load phase
currents [3]. Almost 95% of the harmonic current in the
neutral are zero sequence component (3" order harmonics). In
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order to overcome this, various techniques like passive filters,
Zigzag transformer connections, active filter techniques were
proposed. In order to attenuate these harmonic current in the
distribution system, traditionally a passive filter was designed
[4] [5] which was connected across the non-linear load. But
this compensation leads to some of the drawbacks [6] like
occurrence of series and parallel resonance which causes an
incomplete potential.

Also an effectiveness of the passive filter depends on the
network impedance as well. [7] Proposed a zig-zag
connection of transformer for harmonic suppression in the
neutral conductor. This scheme can able to attenuate
harmonics but leads to system complexity and increases the
losses due to transformer windings.

Due to advancement in the technology, active power filters
have become most habitual compensation methods. Shunt
active power filters for three-phase three-wire and three-phase
four-wire distribution systems have been presented [8] — [12].
This filter was widely used in transmission systems but has
fewer effects on the distribution systems. In [13], author itself
mentioned that shunt active filter compensation was not
perfect solution. Improved solution to harmonic problem uses
a hybrid active filter, which consists of shunt active and
passive filter or series active and passive filters [14] — [16].

Recently, in order to improve the power quality and to
correct the unbalance voltage in the distribution system, a
series active power filter is connected in series with the
neutral conductor were proposed [17] — [19]. The above
mentioned methods used various controllers like
Instantaneous reactive power theory [20], Synchronous
Reference Frame theory [21] and Sliding Mode control theory
[19]. All these theories were able to extract and mitigate the
harmonics present in the neutral only under the balanced load
conditions.

In this paper, a novel control strategy based on Unit Vector
Control is presented. The proposed method uses only an
active power filter in series with the neutral conductor. It
performs several functions simultaneously viz; current
harmonics, load unbalance and neutral current cancellation.
The rating of the proposed series active filter is less than 10%
of the harmonic producing loads. The simulation results for
parallel RC load with rectifier circuit are shown for both
balanced and unbalanced conditions.

In this paper section (2) discusses proposed system
configuration, section (3) discusses about the Unit vector
controller for series active filter, section (4) discusses about
simulation results, followed by the conclusion in section (5).



2. PROPOSED SYSTEM
CONFIGURATION

The block diagram of the proposed method for three-
phase four-wire distribution system is shown in Fig 1 and
the proposed system configuration is shown in Fig
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Fig 1. Block diagram of the proposed method
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Fig 2. System configuration of the proposed method

In the block diagram, I, I, I and In represents a
phase currents and the neutral current respectively. The
neutral current is sensed and given to the controller. The
controller generates the pulse equivalent to the harmonic
currents which is given as triggering to the inverter. The
inverted injects the harmonic current to the neutral there by
harmonics in the neutral conductor gets suppressed.

The series active filter is placed in the neutral
conductor of the three phase four wire distribution system. It
consists of 2-leg IGBT based inverter and a DC charging
capacitor. The series active filter is connected to the neutral
conductor through the linking capacitor (Cy, and inductor (Ly,
In the distribution system, the single phase loads are
connected between any one of the three lines and a neutral as
shown in  Fig 2. The each phase of three phases is connected
to a rectifier with RC load. The active filter system consists of
a two-leg inverter circuit with DC charging capacitor.
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3. UNIT VECTOR CONTROLLER FOR
SERIES ACTIVE FILTER

The controller based on Unit Vector Control is shown in Fig
3. Due to various single phase loads connected to three-phase
four-wire distribution system, the unbalance current flows
through the neutral conductor. This neutral current (l,)
contains both fundamental component (l,) and the harmonic
component ().
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Fig 3 Controller for Series active Filter

The fundamental component is due to the unbalanced
loading and the harmonic component is due to the non-linear
loads in the system. The neutral current is multiplied by both
cos function (cosgt) and sin function (singt) to extract the
fundamental components from the neutral current. Then the
component is passed through the low pass filter which
extracts the DC component. The extracted DC component is
converted in to ac component by multiplying again with cosot
and sinot respectively.

Then the ac component of neutral current
fundamental (l) is extracted and multiplied with the constant
for normalization. This component is subtracted with the
neutral current I, to obtain the harmonic component (I,) of
the neutral current. Then the component is multiplied with the
inverter gain (K;) to get the voltage signal (Vi) and
compared to the triangular carrier to generate the PWM gating
pulse through relational operator.

Vinv:KhIn
Iy = -(ViatVipt Vi) (Zs+Z +3Z,+3Ky),

Ky, is the gain of the series active filter inverter. The
gating pulse is applied to the series active filter inverter circuit
to inject the corresponding harmonic component in the neutral
conductor. Thus the injected harmonic current and the neutral
harmonic current gets cancelled there by over burden on
neutral conductor can be reduced.

4. SIMULATION RESULTS

To validate the analysis and the effectiveness of the
proposed neural network based controller for series active
filter, the  simulation is carried out using
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MATLAB/SIMULINK. The foIIowing are the system Fundamenta\(SDHz)=7_349 THO=9435%

parameters used for the simulations. V y = 120V (Line to = 150 . . . . . . . .
neutral voltage), Leakage reactance of the distribution £

transformer = 0.35mH, Output filter Ly = 0.2mH and C; = E wl |
1uF, and System frequency = 50Hz. The simulations z

are carried out under two conditions; a) balanced loading b) L

unbalanced loading. ; 50t 1
4.1 Balanced condition ;‘ N O T R

The proposed controller is simulated under balanced Harmonic order
loading conditions. The load values are given as R,, Ry, R, =
25Q and C,, Cp, C, = 1500uF. Fig 7 shows the simulation (c)
results for phase a, b, ¢ and neutral current without series

active filter.
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Fig 8 FFT analysis of phase currents (a, b and c) and
Fig 5 Waveform of phase and neutral currents without neutral current (d) before active filter compensation
filter

The simulation result shows that harmonic content
Fundamental {50Hz) = 7.347 , THD=34.35% flows through the neutral and phase conductors. The

7 160 — T T T T T T T waveform of the phase currents are distorted and the neutral
E current also carries large amount of current due to non-linear
I 00t _ loads. The FFT analysis of the phase and neutral currents
S without filter are shown in fig 8. It shows that the triplen
..L; harmonics especially 3™ order harmonics are more
- 0r i predominant in the phases and the neutral conductors. The
o magnitude of 3™ harmonic in the neutral is very high before
2 0 ' - - L . L L the compensation of series active filter. The simulation results
¢ 2 4 & 8 W 2 W ® W 2 for phase a, b, ¢ and neutral current after compensation of
Harmonic order series active filter is shown in fig 9. The wave form of the
neutral is nearly sinusoidal and its magnitude also reduced to
€) large extent. Due to the effect of placing series active filter in
Furdamental (50Hz) = 7349, THD= 9436 % the neutral conductor, the harmonic component present in the
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Fig 9 Simulation results for phases and neutral with filter
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Fundamental (50Hz) = 7241, THD=16.81%

8 T T T T T
T
i
£ 1} |
T
5
T8
5 B B
S
o
o
E 0 iln, b I J 1 L L L | 1 1 |
0 2 4 b 8 1 2 i) 16 18 2
Harmonic order
(@)
Fundamental (50Hz)= 7169, THD=17.92%
— 150 T T T T T
o
T
o
£ 0 i
T
C
=
'8
5
2 K E
o
o
z 0 1k, " I | 1 | | L 1 L | L
] 2 4 [ 8 10 12 ! 16 18 il
Harmonic order
Fundamental(50Hz)= 7241, THO=16.68%
~ 150 T T T T T T T
5 fo0p :
@
g 9 T
:
oo O R | ! 1 | ! I
0 2 4 6 8 10 12 14 16 18 20
Harmonic order
(©)
Fundamental {50Hz) =0.686 , THD=5 69%
150 T T T T T
5
=
1]
£ 10t 1
j:
=
w
s
£ 50+ g
o
m
2 0 [T | . - ! L I L L L !

] 2 4 [ 8 10 12 % 18 18 2
Harmonic order

(d)

Fig 10 FFT analysis of phase currents (a, b and c) and
neutral current (d) after active filter compensation

Simulation Results under Unbalanced
condition

The proposed controller was simulated under
unbalanced loading conditions. The load values were given as
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Ra= 15Q, Ry- 25Q, R, = 50Q and C,, Cy, C, = 1000pF with
the diode rectifier loads. The simulation results for phase a, b,
¢ and neutral current without series active filter for
unbalanced loading conditions was shown in Fig 4. The
simulation result shows that unbalanced current was
distributed over the neutral conductor of the distribution
system. Due to the presence of non-linearity and unbalance
loads, harmonic component flows through the neutral and
phase conductors as well. The FFT analysis for unbalanced
conditions of phase and neutral conductors were shown in Fig
5. Due to the unbalanced loading and non linear loading the
harmonic current in the neutral current was significantly high.
The THD values of phase conductors and the neutral
conductors were very high. The simulation result under
unbalanced condition after compensation was shown in Fig 6.
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Fig 4 Simulation results for phase and neutral current
without filter
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Fundamental (50Hz) = 4.362 , THD= 56.35%
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Fig 5 FFT analysis of phase currents (a, b and c) and
neutral current (d) for unbalanced before active filter
compensation

In the waveform the harmonic contents were reduced
much and it appears as sinusoidal. The harmonic content in
the neutral were almost eliminated and it shown as purely
sinusoidal. The FFT analysis for unbalanced system was
shown in Fig 7.
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Fig 6 Simulation results for phase and neutral
current with filter
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TABLE | - THD VALUES IN % FOR BALANCED AND

UNBALANCED SYSTEM
Balanced System
Methods
la Iy lc In
Without

Controller | g, 35 94.35 94.35 | 138.3

With Unit
Vector
controller 16.81 17.92 16.68 5.69
Unbalanced System
Methods
Ia Ib IC In
Without
Controller | 5949 | 4399 | 56.35 | 148.3
With Unit
Vector
controller | 10.29 15 17.321 | 4.9

5. CONCLUSION

The Novel control techniques based on Unit Vector
Control for harmonics compensation in distribution system
using series active filter was presented. The active filter
inverter acts as a high impedance for the current harmonics in
the neutral conductor. After compensation of series active
filter in the neutral conductor, it was found that the harmonic
content was much suppressed in both phase and neutral
conductors. Therefore, the unity source power factor at the
positive sequence fundamental frequency was achieved. The
control scheme was presented for both balanced and
unbalanced loading conditions for rectifier loads. The
proposed system uses only one active filter, so it avoids the
series/parallel resonance problem and complexity of the
system was less. Simulation results and the THD values
showed the effectiveness of the proposed method in the three-
phase four-wire distribution
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