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Abstract— A. conventional parallel hybrid active filter has an
inherent problem of large current ratings of devices used in
inverter. In general, this problem has been solved by adjust-
ing turn ratio of a matching transformer. However, making
the transformer with high turn ratio may be not available for
high power systern due to its requirement for high voltage
insulation. In this paper, a new configuration is proposed
for parallel hybrid active filter. In the proposed hybrid ac-
tive filter, the active filter is connected to the passive filter
inductor in parallel through a matching transformer for the
aim of reducing the size of inverter, Through computer
simulations, we have shown the outstanding performances
of the proposed topology.

I. INTRODUCTION

Nonlinear loads, such as diode and thyristor rectifiers
and uninterruptible power systems are proliferated in var-
ious areas, thus without proper compensation, the quality
of power in transmission/distribution systems can be de-
teriorated. Passive filters are broadly used to reduce the
harmonics for their low cost. However, they have some
drawbacks: Source impedance strongly affects the com-
pensation characteristics of passive fliters. Passive filters
are susceptible to undesirable series and parallel resonance
with source and loads. Active filters were developed for its
flexibility and adaptability to the varying situation. But
the use of active filter is limited, due to the limits in semi-
conductor switch rating and its high construction cost.

Combining the advantages of passive filter and active
filter, the hybrid active filter topologies have been devel-
oped which enable the use of significantly small rated ac-
tive filters, compared to pure parallel or series active fil-
ter solutions[2]-[5]. In other words, they are cost effective
while offering line voltage regulation, and harmonic isola-
tion between supply and load. Another advantage is the
easy protection, since possible failures in the active filter
do not affect much the load section|7}.

There are two topologies for hybrid active filters: One
is the series hybrid active filter that consists of the series
active filter and the shunt passive filters [3],[9],[10]. In the
series hybrid active filter, the active filter is desired to oper-
ate as a short-circuit for the line frequency and as an open-
circuit for low-order harmonic currents. With this scheme,
the harmonics is forced to flow through the passive filters
achieving harmonic isolation between source and load. In
the parallel hybrid active filter, the active filter provides
a low impedance for harmonics so that all the harmon-
ics flow into the passive unit[7]. Such impedance varia-
tion techniques have been studied as a harmonic isolation
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method by many researchers[2]-[6],[7}-[10]. If the voltage of
active filter is controlled to be proportional to its current,
it looks like a variable resistor. Fujita etal.[4] proposed an
idea of suppressing harmonics by increasing the effective
source impedance selectively to the harmonic components.
Divan etal. [5],[6] used the multiple synchronous reference
frames(SRF) and low pass filters in extracting the desired
harmonic signals and made varying positive or negative in-
ductances with the aim of providing the tuned harmonic
sinks.

In this paper, we propose a new topological structure for
parallel hybrid active filter which reduces current ratings
of the devices used in the invertcr. We demonstrate its
performance through computer simulations.

II. SYsTEM CONFIGURATION AND COMPENSATION
PRrRINCIPLE

A. System Configuration

Fig. 1(a) shows a conventional parallel hybrid active filter
in which the active filter is connected to the shunt passive
filters through a transformer [4],[5]. The conventional hy-
brid active filter requires large current ratings of devices in
inverter side though their voltage ratings are small. To es-
timate the device ratings in a inverter, we assume the zero
vector state of the inverter as shown in equivalent circuit
Fig. 1(b). We can not¢ from Fig. 1(b) that a large funda-
mental filter current may flow into the inverter side through
a transformer with zero vector state. Though the required
voltage ratings of the devices used in the inverter are small,
the requirement for large current ratings makes the design
of the inverter to be inefficient. By selecting properly the
turn ratio of the matching transformer, this problem can
be overcome. However, making the transformer with high
turn ratio may be not available for high power system duc
to its requirement for high insulation voltage.

Fig. 1(c) shows the proposed circuit configuration, in
which the active filter is connected to the filter inductor
in parallel through a transformer. The equivalent circuit is
shown in Fig. 1(d) with zero vector state. From Fig. 1(d),
we can note that the fundamental component of the current
flowing through the passive filter capacitor is divided by
two parallel connected inductors, Lo and Lgs. Hence, the
fundamental current flowing into the inverter side can be
reduced by selecting a proper value of L¢. Since the funda-
mental component of the source voltage is almost blocked
by the filter capacitor, the required voltage ratings for the
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Fig. 1 System configuration (a) Conventional parallel hybrid act
(c) the proposed circuit, (d)

/ices are almost equal to those of conventional one.

Operation principles

fig. 2(a) shows the equivalent circuit for one phase. Let
consider filtering characteristics for the load harmonics
1 source voltage harmonics. Fig. 2(b) shows the equiv-
nt circuit for harmonics. The system equations in the
ady-state concepts are as follows.

Van Zg-Isp +Vorn + Z2¢ - Ich + Vigw, (1)
Vine = —Zg-lon+ Zrr- Irm, (2)
Isp = Ipp -+ Ipen, (3
Irin = Ipen — Ich. (4)
ere, Vep, Vo, and Vi, are the source harmonic volt-

3, the capacitor harmonic voltage of passive filter, and
» active filter output voltage, respectively. Isp, JLn,
chs Irip and Iop are the source harmonic current, the
wl harmonic current, the filter capacitor harmonic cur-
it, the filter inductor harmonic current, and the active
er harmonic current, respectively, Zs, Zre, Zg; and Z¢
: the source impedance, the capacitors impedance of pas-
e filter, the inductor impedance of passive filter, and the
luctor impedance of inverter, respectively.

We assume that the inverter output voltage is controlled
be such that

VI*nv =K- Ith (5)

(d)
ive filter with 5th passive filter, (b) equivalent circuit for (a),

equivalent circuit for (c)
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Fig. 2. Equivalent circuit for one phase (a) equivalent circuit (b)

equivalent circuit for harmonics

then the source harmonic current Isp is given by the fol-
lowing equation:

Isp = _ Zre -Ipp — _ %o -Ich
K+2Z5+4 Zp, K+ Zg+ Zp.
1
+ K+7s+ 7 - Vsh. (6)

The following ideal filtering characteristics are obtained
by assuming that K is infinite:

0,
Zre Ipn — Zc - Igh + Vs

Isp
VI'n.'u

(7)
(8)
Fig. 3 shows the overall control block diagram for 5th,

7th harmonic elimination. 5th and 7th harmonic compo-
nents appear as DC quantities in 5th and 7th synchronous
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reference frames (SRY), respectively. Hence, one can ob-
tain these harmonic components applying low pass filter
to the source current in each SRF. Multiplying the mea-
sured 5th and 7th harmonic components(i%, and i%%,) by
the constant gain K5 and K7, respectively, and then trans-
forming the results into abe reference frame, we can obtain
the inverter control command as shown in Fig. 3.

I1T1. SIMULATION RESULTS

TABLE T
THE PARAMETERS OF THE SIMULATION MODEL

[ Vo | Cps
[440VLL I 1100uF

Ls | Lo
297uH | lmH

Performances of the proposed scheme are demonstrated
by computer simulations. Table I shows the simulation
parameters. Note that the 5th passive filter is mistuned at
4.6th. For the simulation, we let Lg = 100pH, and assume
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Fig. 4. Sirmulation results (a) with only passive filters, (b) after 5th and 7th harmonic compensation

that the load current is 45° lagging:

5
50 cos(wt — g-) +12.5 cos(Bwt — Z’JT)

iLa =
7
+  Scos(Twt — Zﬂ')
, 11 55
! = 50c¢ - — 12.5¢ - =
iy 50 cos(wt 1271') +12.5 cos(5wt 1277)
+ Seos(Twt — —gw)
ire = 50cos(wt+ i71-) + 12.5 cos(5wt + 2 )
Le = b 12 DG W 1271

35
+  Scos(Twt + 1—2~7r).

Note that the 5th harmonic component has negative se-
quence whereas the 7th harmonic component has positive
sequence. One can see that load currents contain 25% 5th
harmonic current and 10% 7th harmonic current.

Fig. 4 shows the simulation results. Fig. 4(a)} show the
results with only passive filters. One can see some dis-
tortions in source current due to load harmonic currents.
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Fig. 4(b) show the results after the harmonic elimination
scheme is applied with the proposed circuit. One can notice
from the second plot of Fig. 4(b) that the source current
igq becomes remarkably clean. We can note from Fig. 4(b)
that the inverter current(ic,) is about 20% of the filter
current(ipc,). The inverter current ratings are reduced.

IV. CONCLUDING REMARKS

We construct a new hybrid active power filter by con-
necting the inverter output to the inductors of the passive
filter in parallel with the aim of reducing the size of in-
verter. With the proposed configuration, the fundamental
component of the current flowing through the passive filter
capacitor is divided by the parallel paths of two inductors
locating at inverter side and passive filter side, respectively.
Hence, the current rating of the inverter can be reduced.
Additionally, a harmonic elimination method is suggested
for the proposed active filter. This configuration provides
the fundamental leading current and the harmonic current
paths when the inverter is not in operation. Since the ma-
jor components of the current pass through the passive
filter, the inverter current rating can be reduced.
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