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ABSTRACT. Along the last years, the practical use of active filters to mitigate harmonics has been extended in electric power systems.
Different configurations of series active filters versus shunt active filters have been proposed, among them, hybrid topologies which combine
active and passive filters. Nevertheless, there is not any clear accordance about the most suitable configuration for each type of harmonic
sources. In this paper, four different topologies of active power filters to eliminate harmonics have been analyzed. An experimental prototype
has been implemented to each configuration and have been submitted to different performance tests. With this objective, a test bank has been
developed, which includes nonlinear loads kind harmonic current source, harmonic voltage source, and other whose behavior is between they
both. The analysis of experimental results obtained allows the most suitable active filter power topology to be determined for each type of

load.
/+[ Parallel active filter, PAF - ~N l Series active filter, SAF ]—\ /—[ Parallel passive-active ﬂlter PPAF
g i ls + v - U,
—_— R ——

OAF—O e
s Tic
S

Ly lic
Ve ] Cs G
= Ji ” Ve Ly
Voc L oo Vo Vi l VDCI_j____ _I: c “ + Ve =k ig,
= I (Zg +k) (Zg +k) | R v
V,l)—l'll Vo T E ‘

VPCCh ZF}' I

Zg,
\_ U (g +4) +k) s +k) ) \ISh:(ZSh+ZFh+k)1Lh t (ZSh+ZFh+k)VSh )
7:[ K1 on; K2 off | { K1 off K2 on | { Kl on; K2 on

@%fLY‘(Y\ ? - ///// —

<L

is=iy, Vh#1 DC

Ton =l lon =l 5

/Seques active and parallel passive ﬂl;er SAPPF|

\ A /\/\ \/\ = i v
’ g 13 /—/ \ /y/x / \—-\ S //J \\ L g
T, \/\;‘ \/\ % IRl ] o B 7
g Fg )
i \ / ) / ‘%T /./\ \
T‘TJ Hii S am e v Gl
§ i \ N
£ = \\ﬂ / ) NSV N7
= ) ¥ N N1y W
TS N \J/ A
VDC
Zp
T = (zSh+th+k zs,,+zF,,+k ) ) % \\ P \ AN
ok Ze = TN TN P N e = \ 7 /
Vg (g, +5) Pt (zg,+k) & / fil LT ™ ;,/ 7\\,,,/ " A LW 4 \\// \\ /
S

=

Series active and parallel passive filter, SAPPF

K1

"PPAF |
5 ;s
b
i\
\
y
A\\‘
y
\\

e

Connection point

E
J
//
#
,.//: *
é /
J
///
S|
=R
o
e
/
N
\\\
X
//

compensation ;-? ;
equipment /
quip < N -
BC SAF | PAF | PPAF | SAPPF BC SAF PAF PPAF_| SAPPF BC SAF PAF | PPAF | SAPPF
v vl vl vl v {lvia] vl o[ vl ol vl vl v[r] vt v[i[v[r1][v][1
[THD (%) || 9.4[35.1] 1.9] 7.5 10.0304 7.6]26.1 0923 |[4.2] 279 3.0]19.0 1.5 5.1] 0.8] 3.9] 0.8] 4.9]|[ 8.0]19.2 2.0 5.8] 9.4] 17] 7.6] 16.6] 1.1] 2.0]
RS (VA 103.1 4.1199.4 3.3 98.4 3] 1006 42[ 1003 3.9 J\96.3 3.3] 979 2.6] 970 341 993 24] 9.1 24/N93.6 6.8]967] 55| 95.1 72[97.9 63[98.0 57
CONCLUSIONS

Four different active filter topologies to eliminate harmonics have been analyzed. They are series active filter SAF, parallel active filter PAF,
parallel passive-active filter PPAF and series active and parallel passive filter SAPPF.
A test bank has been designed composed of a harmonic voltage source (HVS) load and another harmonic current source (HCS) load, with the
possibility of individual or joint connection. It allows the availability of non-linear loads with different harmonic production. Thus, an
experimental analysis has been carried out about three different cases corresponding to the connection of a three-phase rectifier with smoothing
DC capacitor, a three-phase regulator or a set constituted by both loads.
In each case, voltage and current waveforms were recorded and measures were made before and after harmonic compensation using each
configuration. In all compensation equipments, the active filter control was designed to mitigate load harmonics.
The analysis of experimental results has allowed next conclusions to be obtained:
- VHS loads require active compensator which includes a series active power filter (SAF, SAPPF). In this case, the hybrid configuration
presents better results than only series active filter.
- CHS loads require configurations which include elements parallel to load (PAF, PPAF, SAPPF). In this situation, hybrid configurations
present better results than shunt active filter.
- Loads with an intermediate behavior where the percentage of HVS load is the greatest require configurations with series active filter (SAF,
SAPPF)
Finally, the global analysis of results has reveled that SAPPF configuration is compensation equipment versatile which allows harmonics to be

mitigated with any type of load. This configuration obtains better results than the rest of topologies in all situations. hu eS /
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