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Abstract— A single-phase shunt active power filter is used mainly for the elimination of harmonics in single-phase AC networks. In
this paper a single-phase shunt active power filter based on, an indirect control technique is designed and simulated. This control
technique is achieved by phase shifting the input signal(voltage/current) by n/2.The overall action of the shunt active power filter to
eliminate the harmonics created by a non-linear load on the source side is discussed in this paper and the output of the shunt active
power filter is verified using MATLAB/Simulink software.
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1. Introduction

Because of the tremendous advantage of power electronic based devices/equipment they play a vital role in the modern power
processing .As a result these devices/equipment draws non-sinusoidal current from the utility side due to their nonlinearity .So in
addition to the reactive power supply a typical distribution system has to take care of the harmonics also[C]. These power quality
concerns made the power engineers to think about the devices which reduces the harmonics in the supply line [E,F].Such devices are
known as active power filter/power conditioners which are capable of current/voltage harmonic compensation. Active power filters
are classified into shunt , series and hybrid active power filters which can deal with various power quality issues [A,E]. One of the
major advantage of the APF’s are they are adaptable to changes in network and load fluctuations and it consumes only less space
compared with the conventional passive filters[H]. Nowadays power quality issues in single phase system is more than three phase
due to the large scale uses of non-linear loads and also due to the increase in newly developed distributed generation systems like

solar photo voltaic, small wind energy systems etc in single phase network [A,G].Reactive power and current harmonics are
significant while considering a single-phase network, which are major concerns for a power distribution system, because these issues
leads to other power quality troubles. In this paper a single-phase shunt active power filter based on indirect control technique for
generating the reference signal is used. In this paper section (2) detailing about single-phase shunt active power filter, section (3) gives
an idea about the indirect control strategy which is then followed by the simulation study and conclusions.

2. Single-Phase Shunt Active Power Filter

In this topology the active power filter is connected in parallel to the utility and the non-linear load. Pulse width modulated voltage
source inverters are used in shunt active power filter and they are acting as a current controlled voltage source. The compensation for
current harmonics in shunt active power filter is by injecting equal and opposite harmonic compensating current (180 degree phase
shifted).As a result the harmonics in line get cancelled out and source current becomes sinusoidal and makes it in phase with source
voltage .With the help of control strategies reference signals are generated and which then compared with the source current to
produce the gating signals for the switches.. For the reference signal generation there are different control strategies like instantaneous

active reactive power theory (pg theory) developed by Akagi [K] ,Parks d-q or synchronous reference frame theory[D].
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These control strategies are mainly focused on three phase systems [I]. The three phase pq theory is made applicable to the

single phase systems by the work of Liu [J] by phase shifting an imaginary variable which is similar to voltage or current signals by 90
degree. Later this concept extended to single phase synchronous d-q reference frame by Zhang [B].
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Figure 1: Principle of shunt active power filter.

3. Indirect Control Technique

3.1 Single-phase d-q transformation
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Figure 3: Reference signal generation using single-phase d-q transformation.

A single-phase system can directly convert into oy frame without any matrix transformation. An imaginary variable obtained
by shifting the original signal (voltage/current) by 90 degrees and thus the original signal and imaginary signal represent the load

current in of3 co-ordinates.

[fml:[ [L(wt+0) l 1

gl lip(wt+otn/2)

From second equation we can write as
lLd _ Sln(wt—) —Cos {{Uf-) E‘Lﬂ' {’})
iLq] lcos (wt) sin (wt) ||iLp -
From i,,and i,,we can derive fundamental active ,fundamental reactive, harmonic active, and harmonic reactive by using

appropriate filters .The DC components i;,, i;, are obtained by using LPF and AC components i/, ,if, are obtained by using HPF.
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Here we are using the DC component for the generation of reference current hence it is called indirect method. The load requires only

fundamental active part of the source current.

i7q] LO+0 ]
S - . . . —1 .
lse . lSIH (_LUT) —CoS (_U_Jlf) I:I.Ed] )
ispl  lcos (wt)  sin (wt) ilq

In order to obtain a constant DC voltage across the active filter the term i, is added to the above equation.
l;g] |—cos (wt) sin (wt) 0 ”

Therefore the reference signal is
loq(@t) =sin(wt)(i gz Tipe) (6)

The generated reference current is used for making gating pulses to the inverter switches which further inject the compensating current

into the line
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Figure 4: Simulink model of proposed shunt active power filter.
4. Simulation Study
The proposed single-phase shunt active power filter using indirect control strategy is simulated in simpower system toolbox in
MATLAB software. Here a 60Hz source is connected to the non-linear diode rectifier load.Due to the non-linearity in the load the
source current is distorted and the THD content is about 38.90%.When the shunt active power filter is connected in between source
and load which injects thenegative harmonic compensating current into the line and the source current regain its sinusoidal nature , the

power factor is much better than without the filter and the THD content is improved to 9.65%.

279 www.ijergs.org



http://www.ijergs.org/

Load Curent

International Journal of Engineering Research and General Science Volume 2, Issue 3, April-May 2014

ISSN 2091-2730

0.4

013

2

011

_..-m
. ==
T T =
I I -
I | 1 =
I T ]
I I I =
I | 1 =
L _L_— L _ = =
| 1 =
| | ]
I 1 - . =
s T R e e E
I 1 1 =
I I I — =
==t [ e = M = ..m
I 1 o
I I @ m - m =
——Fk—-- -——F -0 = o T b
_ I a ] B =
I | I = = = o
| _L__ oo _L__ = % =
I 1 ] = a2 =
I | I
A S W R SO NN - = ==
| ] =1 —
I I
I 1 — —
F——-r—- —Aa---r--r-— = =
| | =1
I 1 o
-kt —— A== - - = =
I I I - =
I 1 1 1
| 3 1 1 =1
ws = CE] = 7] = =1 =3
—

gasad wy wijuaung

H]

01

01

S

s
e

nse

"

Tim

www.ijergs.or

280



http://www.ijergs.org/

International Journal of Engineering Research and General Science Volume 2, Issue 3, April-May 2014

ISSN 2091-2730

(Compensating Cumen

) =] [y

Saladwy wjusung

Time i secs

Vokap

a
o

Soum

I

013

1

o0

o

ur e ooom
Time in 585
Fundamental Active Cument

0.6

1113

A | N1 VN ' R 11 L S 1 R ]
Tmein secs

0m

0.8

0

www.ijergs.or

281



http://www.ijergs.org/

Fundamental Peactve Cument

International Journal of Engineering Research and General Science Volume 2, Issue 3, April-May 2014
ISSN 2091-2730

Li =)

e
e

Hamni
www.ijergs.or

Figure 5: FFT analysis of distorted source current.
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Figure 6: FFT analysis of source current after compensation.

~FFT analyais
Fundamental (80kiz) = 99.33 , THI= 4 24%

W= T T T 1
; | | | | | | | | |
ko e o L L i1 __1___a_
- | | | | | | | | |
= | | | | | | | | |
| I S N S S S T S
[ — | | | | | | | | |
= | | | | | | | | |
| I O S T T S SN S i
= | | | | | | | | |
= | | | | | | | | |
| AU IO S SRR WY S WUV SR T
=i | | | | | | | | |
] I I I I I I I I I
=L | | | | | } | |

Z { f § 0 12 1 i

Hamonic o

Figure 7: FFT analysis of source voltage.

Table 1: Performance of indirect control technique for 1@ SAPF.

THD (%)
Condition Source Current(I;)
Without Filter 38.90
With Filter 0.65
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6. Conclusion

A single phase shunt active power filter based on indirect control technique is used in this paper. Using this control strategy
reference signal is generated successfully. The shunt active power filter is found effective in injecting harmonic compensating current
and thereby reducing the source current THD and improves the power factor of the line.The THD is reduced from 38.90% to 9.65%
after compensation. It is also noticed that a constant voltage appears across the DC-link capacitor which helps the smooth functioning
of the voltage source inverter.The shunt active power filter output is verified successfully with the help of MATLAB software.
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