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ABSTRACT

Shunt active power filters are used to eliminate current
harmonics and to improve the power factor in unbalanced
systems near non-linear loads. In this paper an
instantaneous vector expression for filter current in terms of
active and reactive powers using generalized theory of
instantaneous reactive power in a-b-c reference frame-based
has been derived. It is shown that the algorithm works
under balanced and unbalanced source voltage in
magnitude and phase angle. This algorithm has been
simulated by Matlab, and the results validate the theory for
the balanced and unbalanced conditions.

I. INTRODUCTION

In the past, most of consumed power was due to linear
loads. In the recent years, the broader application of non-
linear loads such as power electronic equipment or arc
furnaces, has led to transmit high levels of power under
unbalanced and non-sinusoidal conditions.

Shunt active power filters (APF) are recognized as a
better solution to the problems of current harmonic
pollution. This operates like a current source, and injects
the compensation currents into the AC lines to cancel
harmonics and compensate fundamental reactive power
consumed by non-linear loads [1]. In an active power
filter, a controller determines the harmonics that are to be
eliminated. The output of this controller is the references
of three-phase current controlled inverter [2]. Figure 1
shows the general scheme for shunt active power filters.
Some algorithms and theories for generating reference
have been proposed [3-6].

In [2] four different methods have been compared. These
methods are the pq theory, the modified pq theory, the
synchronous reference frame theory and the modified
synchronous reference frame theory. So we don’t discuss
these methods in this paper. In [5], the general definitions
of instantaneous active and reactive power have been
presented. In this formulation, the active and reactive

powers are expressed as the dot and the cross product of
voltage and current vectors, respectively.

In this paper we will extend the last theory and more
general vector equations for compensation currents have
been proposed. The proposed method has been modified
for systems that have unbalance in voltage magnitudes
and phase angles. Finally, this algorithm has been
verified by simulation.

II. INSTANTANEOUS ACTIVE AND
REACTIVE POWER THEORY

This discussion has been clearly defined in [5]. Consider
a three-phase four-wire system as shown in Fig.1. The
instantaneous vectors, V and I are defined as follows;
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The instantaneous active and reactive powers are defined
as the dot and cross product of vectors v and I
respectively, i.e.
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Figure 1. Schematic diagram of the three-phase active
power filter compensation system
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The total current vector is the sum of active and reactive
current vectors i.e.
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I11. GENERAL EXPRESSIONS FOR
FILTER AND SOURCE CURRENTS

Using the equations (4), (5) and (6), we can obtain the
instantaneous vector of source and active filter current in
terms of active and reactive powers of source and active
filter, respectively, as follows.

. . . p.v qg. xv
=i +ti, =———+—"—— (7)
K P sq

8% V..V,

+i, =L+ L (8)

whereas source active

P-q:.P, and q, denote

power, source reactive power, filter active power and
filter reactive power, respectively, that are defined by
Equations (2) and (3). In Fig.1, it is shown that
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By applying the definition of Eq. (3) and expanding

the cross product in Eq. (7), the following time domain

expressions for filter currents have been derived.
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Iv. COMPENSATION UNDER
UNBALANCED VOLTAGE

By simulation, we can show that the application of filter
currents (Egs. (10)- (12)) to an unbalance system result in
distorted source currents so we must modify the
algorithm to obtain correct compensation as given below.

Consider unbalance in magnitudes and in phase angles of
main voltage, i.e.

v, =V  sin(or) (13a)
v, =V, sin(a)t—%r+ab) (13b)
v, =V sin(ot+ 2% +a,) (13¢c)

In the above equations, V, ,V,  andV,  are not equal

ma®’ m
to one another. The phase angles ¢, and «,6 are

showing unbalance in phase angles.

We consider a balanced set of main voltage which yields
equal average real power with unbalanced source
voltages. This balance set will satisfy Eqs (10)-(12).
Consider the balanced set defined as follows;



v, =V, sin(ot) (14a)
v, =V sin(ot - 277[) (14b)
v, =V sin(ot - ZT”) (14c)

Two sets of main voltage i.e. Eqgs (13) and (14) must
have equal average real power, so from this requirement

and zero phase angle between v andi_, , we obtain the

sa
magnitude ¥, as:

The above equation leads to.
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Based of above considerations, the modified algorithm
for active filter reference currents in unbalanced
conditions is as follows,
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In the case of unbalance in magnitude only i.e.
a,=a,=0, V is the average of the unequal

magnitudes V', ., V,, andV ..

Under balanced conditions, ie.
V=V, =V, .anda, =a, =0, the Egs. (16)-
(18) converge to that given in Egs. (10)- (12). It is to be

noted that if we consider v_,,,v,, and v_, as balanced

sal >
supply voltages, then the main source voltage set should
supply average load power and zero mean oscillating
active and reactive powers.

V. SIMULATION OF CASE STUDY

The Simulink Matlab software is used for simulations.
The simulated system parameters are as follows:

V.1 = 220~/2 sin(10077)

Vo1 = 1.2x2204/2 sin(1007z — 2—” + Z)
3 6

v, =0.8x220+/2 sin(1007z + 2?” + %)

The load consists of (i) unbalanced three — phase RL
load: R, =1€Q), L, =100mH , R, =3Q,
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Figure 2. Unbalanced source voltages

L, =50mH R, =5Q,L, =100mH ; (ii) three —
phase full  bridge  Diode with
R=10Q,L=1mH , load. The results of this

simulation are showed in Figs. (2)- (7).The active filter is
applied at the end of second cycle (40 msec), so before
this time the source currents will be equal to load currents
and after 40 msec., the source currents have been
compensated. Fig (2) shows the unbalanced source
voltages. And Fig (3) shows the source currents. It has
been seen that after applying active power filter, the
source currents are sinusoidal.

Active power of source and load are plotted in Fig. (4).
The compensation currents are shown in Fig. (5).
Reactive power of source and load are plotted in Fig. (6).
It has seen that the source supply the average and zero
mean oscillating active and reactive powers. Harmonic
spectra and THD of load and source currents are
presented in Fig (7). It has been seen that amplitude of
first harmonic decreased and THD of source has been
modified.
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VI CONCLUSION

In this paper, based on generalized active and reactive
powers theory, in a-b-c reference frame-based a
compensation algorithm for unbalanced conditions is
proposed. This method has been verified by MATLAB
simulation. The proposed method can be applied to
balanced and unbalanced source voltages in magnitude
and phase angle.
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