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ABSTRACT

In this paper the simulation of Shunt Active power Filter using P-Q theory and PI controller has been presented.
This SAPF compensates the harmonic currents drawn by three phase six pulse AC/DC converter. The process of
compensation is done by calculating the instantaneous reactive power losses using p-g theory and the Pl
controller to reduce the ripple voltage of the dc capacitor of the PWM-VSI. This approach is different from
conventional approach and provides very effective solution. In this simulation we use hysteresis band current
controller (HCC) for switching the VSI inverter. The simulation has been done for both steady state and
transient conditions.

Keywords: Shunt Active Power Filter (SAPF), proportional integral (PI), Hysteresis Current Controller (HCC),
Pulse width modulator-voltage source inverter (PWM-VSI)

l. INTRODUCTION

A lot of research has been done on Shunt
Active Power Filters and they are applied in many
practical applications. The first basic principle of
active filter compensation was proposed in 1970,
but the actual design of this filter was proposed by
Gyugyi and Strycula in 1976[13]. In1983, 1984 a
new concept of Instantaneous reactive power
theory was introduced by Akagi [11, 12].This new
concept of Instantaneous reactive power theory was
proved to be wvery useful in Active filter
compensation. Peng and Lai  Proposed
instantaneous power theory in generalized way [9]
that is applicable for balanced or unbalanced,
sinusoidal or non-sinusoidal; three phase power
systems with or without zero-sequence currents.
The Harmonics current generated by motor-drives
arc furnaces, tap changing transformers, diode,
thyristor and GTO converters are matters of serious
concern as they cause harmonic interference in
transmission, industrial ~ applications,  and
distribution systems [4, 5]. Active Power Filters are
inverter circuits, having active devices such as
semiconductor (diodes, thyristor, MOSFET) they
can be controlled by the harmonic current or
voltage generated by the nonlinear load. Active
Power Filters are superior to passive filters because
they remove the resonance related problems.

Active Power Filter improves the power
quality of ac source and removes the harmonics
from the source current. The Active Power Filter
provides the Harmonic mitigation and improves the
shape of input supply wave.

This method describes the simulation of a
controller that uses instantaneous power theory
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along with PI controller for SAPF. In this process
the source voltage(s) and current(s) has been used
for instantaneous power calculation to generate
reference currents. The reduction in dc capacitor
ripple voltage of PWM-VSI inverter by using
Proportional Integrated controller [6, 7] and
hysteresis-band current controller has been
employed for generating the switching signals for
the Active Power Filter.

The SAPF is investigated under different
steady state and transient conditions and found to
be effective for harmonics compensation.

1. INSTANTANEOUS POWER
THEORY [9, 10]

This p-g theory is based on time-domain;
it is useful for steady-state or transient state.
Another important characteristic of this theory is
the simplicity of the calculations, which involves
only algebraic calculation. In p-q theory we
perform a Clarke transformation of a stationary
reference system of coordinate’s X-y-z t0 a
reference system of coordinates a - p — 0 that is
also stationary. In x-y-z coordinates axes are fixed
on the same plane, separated from each other by
1200, as shown in Figure-1.
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The instantaneous space vectors, Vx and
ix are set on the x-axis, Vy and iy are on the y axis,
and Vz and iz are on the z-axis. These space
vectors are easily transformed into a-f coordinates
as follows:
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Where a and  axes are the orthogonal
coordinates Vp, if are on the B-axis and Va, ia are
on the a-axis.

1. DESIGN OF SHUNT ACTIVE
FILTER [3]

Reference current signals are have been
generated by applying instantaneous reactive power
theory as shown in figure-2. The simulink model of
proposed shunt Active Power Filter is as shown in
figure-3. It has mainly has three parts, PWM
voltage source inverter connected to a dc capacitor.
Reduction in current harmonics is achieved by
injecting equal but opposite current harmonics at
the PCC (point of common coupling).This process
will cancel the original distortion and improving
the power quality of the connected power system.
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Figure-2(Reference current generation circuit)
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Figure-3(Design of Shunt Active Power Filter)
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V. PWM INVERTER [7]

The active filter is based on a PWM
voltage source inverter is connected to the PCC
through interface filter; the active filter s
connected in parallel with the AC/DC converter.
This inverter uses dc capacitor as supply and can
switch at high frequency to generate the current
that will cancel the harmonics from AC/DC
converter. The current waveform for canceling
harmonics is achieved by using VSI in the current
controlled mode and the interface filter. This
interface filter provides smoothing and isolation for
high frequency components. The desired currents
are obtained by accurately controlling the
switching of the MOSFET inverter. We can
Control the wave shape of current by limiting the
switching frequency of the inverter and by the
available driving voltage across the interfacing

inductance.
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Figure-4(PWM Inverter)

V. HYSTERESIS BAND CURRENT
CONTROL [3]

Hysteresis current control is the easiest
techniques to implement; this is developed by Brod
and Novotny in 1985.0ne disadvantage of this
technique is that there is no limit on switching
frequency. An additional circuitry is required to
limit the maximum switching frequency. An error
signal E (t) is used to control the switches of the
inverter. When the error reaches at upper limit, the
transistors are switched to force the current down.
When the error reaches at lower limit the current is
forced to increase. The maximum and minimum
values of the error signal are Emax and Emin
respectively. The range of the error signal, Emax —
Emin, controls the amount of ripple in the output
current from the inverter.

Figure-5(Hysteresis current control)

DOI: 10.9790/9622- 0702012630




Rakesh Kumar Pandey et al. Int. Journal of Engineering Research and Application

www.ijera.com

ISSN : 2248-9622, Vol. 7, Issue 2, ( Part -1) February 2017, pp.26-30

VI.  SIMULATION RESULT AND
ANALYSIS

The system parameters values are; source
voltage (Vs) is 400 Vrms, System frequency (f) is
50 Hz, Source impedance RS, LS is 0.5 Q, 1mH
respectively, Filter impedance of Rc, Lc is 1 Q,
1.77 mH, Load impedance RL, LL of diode
rectifier are 20 Q, 200 mH, DC link capacitance
(CDC) is 1700uF, Reference Voltage (VDC) is 400
V and Power devices are MOSFET with an anti
parallel diode. .

THD(Tran | THD (Steady
sient State) State)
Source Current(Is)
without Active 23.27% 23.10%
power filter
Source Current(Is)
with Active power 2.39% 1.10%
filter

Instantaneous power theory with PI-
controlled APLC comprises a three-phase source, a
nonlinear load (six pulse diode Rectifier RL load)
and a PWM voltage source inverter with a dc
capacitor input. The simulation time is from T=0 to
T=10s and the source current after compensation is
presented in figure 7(waveform-1) that indicates
the current becomes sinusoidal. The load current is
shown in figure 7(waveform-2).These current
waveforms are for a particular phase (phase a). We
are not showing all the Phase currents because their
waveforms are same but only phase shifted by
1200 .Here we only consider the Balanced Load .In
this proposed controller APLC supplies the
compensation current. We can see that before
Appling APLC source current and load current
wave forms are same (Figure-6) with THD of 23.27
in transient stage and 23.1% in Study state. In
Figure-7 it is clear that after Appling APLC the
source current become sinusoidal.

Figure-6(Waveform-1 for source current,
Waveform-2 for Load current before applying
active filter)

Figure-7(Waveform-1 for source current,
Waveform-2 for Load current after applying active
filter)

FFT analysis without Appling APLC
shows that the THD is 23.10% at source side
(Figure-8 & figure-9). After Appling APLC, FFT
analysis shows that THD of the source current
becomes 2.39% in Transient state and 1.10% in
Steady state (Figure-10 to figure-13)
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Figure-8(FFT analysis for source current before
applying Active filter in Transient State

(THD=23.27%))
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Figure-9(FFT analysis for source current before
applying Active filter in Steady State

(THD=23.10%))
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Figure-10(FFT analysis for source Current after
applying of Active filter in Transient State

(THD=2.39%))
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Figure-11(FFT analysis for source Current after
applying of Active filter in Steady State

(THD=1.10%))
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Figure-12(FFT analysis for source Current after
applying of Active filter in Steady State

(THD=1.10%))
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Figure-13(FFT analysis for source Current after
applying of Active filter in Steady State
(THD=1.10%))

VIL. CONCLUSION

A Shunt Active Power line conditioner
(APLC) that uses instantaneous p-gq power theory
along with PI controller is found to be an effective
solution for power line conditioning. Shunt APLC
with our proposed controller reduces harmonics
and reactive power components of load currents; as
a result sinusoidal source current(s) is achieved.
The proposed Shunt Active Power line conditioner
uses reduced number of sensors and less
computation for reference current calculations
compared to conventional approach.

The THD of the source current after
compensation is 2.39% in transient state & 1.10%
in steady state after compensation, which is less
than 5%, the harmonic limit imposed by the IEEE-
519 standard.
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