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Abstract – Problems related to harmonic propagation 
in transmission systems have been noticed in the last 
years. Passive filters, commonly used to attenuate non-
characteristic harmonics in HVDC systems, stay at risk 
of disconnection from the system due to overcurrents. 
One of the possible solutions to solve the problem of high 
harmonic levels would be the use of pure active filters. 
However, this alternative may be very expensive due to 
the high power of the transmission systems. This paper 
relates to a comparative study on two different topologies 
of hybrid filters to damp harmonic resonance in power 
transmission systems. The first one combines a small-
rated active filter in series with passive filters, limiting 
overcurrents, when existent, or improving the quality 
factor of the filter when the passive filters work under its 
nominal current. The second one consists of an active 
filter in parallel with passive filters, compensating all 
eventual overcurrent in these. Simulation results with the 
two proposed topologies present the efficiency of, and the 
differences between, the hybrid filters in power 
transmission systems. 
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I. INTRODUCTION 

The harmonic propagation in industrial power systems has 
become a problem that affects seriously the power quality in 
distribution feeders due to the wide use of non-linear loads 
such as rectifiers, inverters and cycloconverters [1]. This 
problem is even more amplified because of the use of shunt 
capacitors installed on distribution systems for power factor 
correction. Normally, these capacitive filters are designed 
considering only the fundamental frequency of the system, 
50 or 60 Hz. The harmonic propagation generated by power 
electronic equipments may cause harmonic resonance 
between the line inductances and those shunt capacitors. 
Researches on harmonic damping in distribution systems are 
in advanced stage and the use of active filters have presented 
good results [2]-[3]. 

Recently, problems related to harmonic propagation have 
also been noticed in transmission systems, affecting the 
electric system in a severe way. Important parts of the 
Brazilian transmission system, like the area connected to the 
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High Voltage Direct Current (HVDC) system, have been 
presenting this kind of problems [4]. 

Passive filters at the Ibiúna substation, one of the 
converter stations of the Brazilian HVDC system, were 
designed to attenuate the harmonics generated by the 
converters as well as the non-characteristic harmonics 
generated by asymmetries in the converter transformers and 
the firing control. Since 1988, situations with high indices of 
harmonic distortion, mainly the 5th order harmonic, have 
been detected. Due to these high indices it was necessary to 
operate with two double-tuned passive filters for the 3rd and 
5th harmonics. This is in disagreement with the original 
project, which was designed to operate with only one filter at 
this tuning, letting the other one as a backup filter. 

At the Ibiúna substation, a pure active filter to solve the 
problem of the high 5th order harmonic voltage in the passive 
filters would not be economically and technically viable 
because of the high power of the system. A hybrid filter, 
consisting of an active filter combined with the existent 
passive filters, would be a less expensive solution, uniting 
the advantages of both filters [5]-[6]. 

This paper, which is a result of an R&D program between 
Furnas Centrais Elétricas S.A. and the Laboratory of Power 
Electronics at COPPE/UFRJ, proposes two hybrid filter 
topologies to work in high power systems such as HVDC 
systems. The first topology consists of an active filter in 
series with passive filters and the second one consists of an 
active filter in parallel with the passive filters. In both 
topologies the hybrid filter is in shunt with the system. 

II. THE IBIÚNA SUBSTATION 

The Ibiúna substation is a part of the South - Southeast - 
Central West Brazilian transmission system, as shown in 
Figure 1. 

  
Fig. 1.  Ibiúna and its connections with the South-Southeast-Central 

West Brazilian transmission system. 
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Ibiúna is an illustrative example of a complex system 
containing a wide variety of power-system equipments such 
as HVDC converters, passive filter banks, synchronous 
compensators and transmission lines with different AC levels 
coming from various parts of the power system. 

With the purpose of testing the proposed hybrid filters, the 
transmission system was modeled and simulated at 
PSCAD/EMTDC™ version 3.0.8. In the developed model all 
transmission lines are based on tower geometry (frequency 
dependent phase model), and those that are transposed were 
in accordance with the actual situation; the loads modeled in 
different parts of the system are in accordance with the light 
load scenario of august 2003, provided by ONS (Brazilian 
National Operator ). The complexity of this system has lead 
to a digital model with more than 2200 electrical nodes, 
besides the HVDC and machine control circuits. 

Figure 2 presents a simplified schematic of Ibiúna’s 
345 kV bus where the active filters will be installed together 
with the existent passive filters. Three double circuit 
transmission lines are connected to this bus: Ibiúna -
Interlagos, Ibiúna - Tijuco Preto and Ibiúna - Guarulhos. 
Moreover, the following equipments are connected to the 
Ibiúna bus bar: synchronous compensators, HVDC 
converters, transformers and the banks of passive filters 
where the high indices of the 5th harmonic were detected. 
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Fig. 2.  Simplified schematic of the Ibuina´s 345kV bus. 

III. SERIES HYBRID FILTER 

A. Power Circuit 
In the first topology, the hybrid filter is composed of an 

active filter in series with the existent passive filters. The 
power circuit of the active filter consists of three single-
phase voltage-source Pulse Width Modulation (PWM) 
inverters, with a switching frequency of 5 kHz, using four 
IGBTs and one capacitor per phase. The inverter uses the 
5th harmonic tuned passive filters as output filters to eliminate 
the high frequency harmonic components. 

Figure 3 shows the three-phase equivalent circuit of the 
hybrid filter connected to the Ibiúna’s 345 kV bus. As 
illustrated, the active filter is located under the passive filters, 
therefore, working at a small voltage rate. Due to adequate 
voltage and current levels this configuration allows the use of 
small rated devices in the active filter and it was not 
necessary to connect a matching transformer between the 
active and the passive filters. The instantaneous voltage 
drops over the IGBTs are defined by the capacitor voltages, 
which were maintained below 3.15 kV during the 
simulations. This way, the power circuit could work with 

standard IGBT modules without the necessity to connect 
more modules in series [7]. 
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Fig. 3.  Series hybrid filter installed at the 345kV bus. 

The passive filters impedance variation in the frequency 
domain is shown in Figure 4. As it can be seen, even at the 
tuned frequencies, 5th harmonic for example, the passive 
filters present non-zero impedance, which causes a poor 
quality factor. For the switching frequency (5 kHz) the 
passive filters present a high impedance (higher then 10 kΩ), 
which blocks the 5th harmonic current of achieving the 
345 kV bus. Equation (1), with variables presented in 
Figure 3, describes the impedance of the passive filters in the 
frequency domain.  
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Fig. 4.  Passive filters impedance module in the frequency domain. 

B. Operation Principles 
The active filter works in two distinct situations. When the 

nominal current in the passive filters is not achieved, the 
active filter behaves like a negative resistance, generating a 
proportional voltage in counter-phase with the detected 
5th harmonic current. This cancels the resistance of the 
passive filters and improves its quality factor. When an 
overcurrent occurs, the active filter increases the resistance 
of the passive filters, generating a proportional voltage in 
phase with the detected 5th harmonic current, protecting it 
from an excessive current value. This control principle is 
shown in Figure 5. 
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Fig. 5.  Single-phase equivalent circuit for the series hybrid filter. 
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C. Detection Circuit 
Two detection circuits are used to separate the 1st and the 

5th current harmonics in the passive filters. The detected 
phase of the fundamental current is used to control the 
capacitor voltage in each of the single-phase power circuits. 
The detected 5th harmonic current is used to control the 
current level in the passive filters, compensating the extra 
current or improving the quality factor of the passive filters. 
The detection circuits are shown in Figure 6. 
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Fig. 6.  1st harmonic phase detection circuit (a), PLL circuit used in 
the 5th harmonic frequency detection (b) and 5th harmonic detection 

circuit (c). 

Three Phase-Locked Loops (PLLs) [8]-[9], are used to 
detect each phase of the fundamental current in the passive 
filters (φa, φb, φc), as in Figure 6.a. This information is used in 
the control circuit to charge and discharge the capacitors.  

A three-phase PLL, Figure 6.b, detects the fundamental 
frequency in the passive filters, generating the phase 
reference used in the d-q transformation, as in Figure 6.c. 
The three-phase currents are transformed to d-q coordinates 
with its axes rotating five times the fundamental frequency 
(5ωt). This manner, only the 5th harmonic positive sequence 
current is converted in two DC components and all the other 
harmonics, including the fundamental, in AC components. 
The 5th harmonic positive sequence current is extracted by a 
low pass filter with a corner frequency of 0.1 Hz. The phase 
and the magnitude of the 5th harmonic positive-sequence 
current are detected when the inverse d-q transform is 
applied, that generates 5th harmonic three-phase positive-
sequence currents. The same procedure is used, with its axes 
rotating five times the fundamental frequency in the opposite 
direction (-5ωt), to generate 5th harmonic three-phase 
negative-sequence currents. The positive and negative 
5th harmonic currents are added, in each phase, to generate 
the three-phase 5th harmonic currents. 

D. Control Circuit 
The control circuit consists of two distinct parts. The first 

one controls the capacitor voltages in the power circuit, 
Figure 7.a, and the second one regulates the 5th harmonic 
current in the passive filters, Figure 7.b. 
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Fig. 7.  Capacitor voltage control circuit (a) and 5th harmonic 

current control circuit (b) for the series topology.  

As presented in Figure 7.a, the control circuit in each 
phase compares a reference signal, Vcc(ref), with the capacitor 
voltage, Vcc(a), in phase A for example. The error passes 
through a low pass filter to eliminate the signal noise. Gain 
Gcap(a) is adjusted over the error filtered signal by a 
Proportional Integrator (PI) controller. The output of the PI 
controller is multiplied by an unit sinusoidal signal, Ia(PLL), 
which is synchronized by the PLL as shown in Figure 6.a. 
Therefore, the output generates a fundamental voltage 
reference, Va(ref), responsible to control the capacitor voltage. 

Figure 7.b shows the single-phase control circuit for the 
5th harmonic current in the passive filters. Instantaneous 
aggregate values concepts are applied to the 5th harmonic 
detected current, I5a, extracted from the detection circuit, as 
shown in Figure 6.c, to obtain I5a

2
(Agg), which is the sum of 

the square of the 5th harmonic current and the square of that 
same current delayed by 120º and 240º, as shown in (2). 
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This signal is compared with a 5th harmonic reference 
current, I5a(passive), and then integrated to generate the 
5th harmonic current control gain, G5a. This gain is multiplied 
by the 5th harmonic current generating the 5th harmonic 
voltage reference, V5a(ref), responsible to control the 
5th harmonic current in the passive filters. 

The reference signal, I5a(ref), is a calculated value based on 
the maximum capacity of the 5th harmonic current in the 
passive filters. The sum of the reference voltages, Va(ref) and 
V5a(ref), results in a reference voltage that is used in an 
unipolar PWM inverter, generating the compensation 
voltage.  

IV. SHUNT HYBRID FILTER 

A. Power Circuit 
In the second proposed topology the hybrid filter is 

composed by a shunt connection involving an active filter 
and the existent passive filters. The power circuit consists of 
one single-phase voltage-source PWM inverter in each 
phase, with a switching frequency of 5 kHz as well as the 
series configuration. The already presented high-pass passive 
filters, as shown in Figure 2, attenuate the high switching 
harmonics generated by the active filter. 
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The connection in the system is made through a three-
phase transformer with turns ratio of 138:1 so that the power 
circuit could work with standard IGBT module without the 
necessity to connect more modules in series [7]. Figure 8 
presents the hybrid filter shunt topology connected in the 
Ibiúna’s 345 kV bus. 

The shunt hybrid filter, in spite of using a transformer, 
very high power semiconductors, 10 mF capacitors and 
10 µH switching inductors in each phase, decreases the THD 
of the 345 kV bus while protects the passive filters 
compensating the 5th order overcurrent harmonic. 
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Fig. 8.  Shunt hybrid filter connected to the 345kV bus. 

B. Operation Principles 
If the nominal current in the passive filters is not achieved 

the active filter remains in stand by mode, ready to operate. 
When an overcurrent is detected in the passive filters, the 
active filter generates a 5th harmonic proportional current in 
order to eliminate the overcurrent only, in this case, making 
the passive filters work on the nominal capacity. The 
overcurrent operation is shown in Figure 9. 
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Fig. 9.  Per phase shunt topology overcurrent operation. 

C. Detection Circuit 
The shunt topology uses a similar detection circuit to the 

one used by the series hybrid filter. The only difference is 
that the circuit uses a three-phase PLL to detect the 
fundamental voltage in the 345kV bus in order to control the 
capacitor voltages.  

The output of the three-phase PLL used to detect the 
fundamental voltage is multiplied by five, as in Figure 6.b, 
and used to synchronize the 5th harmonic current detector of 
Figure 6.c. The advantage of this topology is that the same 
PLL is used to detect the fundamental voltage and the 
5th harmonic current, as shown in Figure 10. 

PLLVabc 5ωt5

ωt
PLLVabc 5ωt5

ωt

 
Fig. 10.  PLL used in the detection circuit. 

D. Control Circuit 
The shunt hybrid filter control-circuit is also similar to the 

one used by the series hybrid filter. Here, one of the outputs 
of the detection circuit presented in Figure 10, ωt, is used to 
generate three unit sinusoidal signals which track the positive 
sequence bus voltage. In phase A for example, the signal is 
multiplied by the gain Gcap(a)’, calculated the same way as in 
the series hybrid filter control circuit. As a result, the 
fundamental reference current, Ia(ref)’, is generated. 

To generate the 5th harmonic reference current, I5a(ref)’, the 
detected current, I5a’, is multiplied by a calculated gain, G5a’, 
which is generated by a circuit similar to the one presented in 
Figure 7.b. The fundamental reference current, Ia(ref)’, and the 
5th harmonic reference current, I5a(ref)’, are added and used in 
a fixed frequency feed forward PWM inverter to synthesize 
the compensation current.  

V. SIMULATION RESULTS 

A. Series Hybrid Filter 
The simulation results with the series hybrid filter are 

presented from Figure 11 to Figure 19. The system was 
simulated during 45 seconds. During the first 15 seconds, not 
presented here, the system achieved the steady state where 
the passive filters nominal rms current (55 A rms in each of 
the two filters) was not achieved. In order to represent the 
variation of the harmonic pollution in the 345 kV bus, two 
5th harmonic current sources are inserted in the system far 
from the 345 kV bus. In 15.1 and 15.2 seconds the two 
harmonic pollutant sources are turned on, injecting 20 A rms 
each, not achieving the nominal current of the passive filters. 
To simulate the overcurrent situation an extra 180 A rms 
current is injected by one of the pollutant sources in 
31 seconds after the beginning of the simulation. 

The switching control circuit starts to operate after 
16 seconds of simulation. In 16.05 seconds the active filter is 
connected in the system through a breaker. The capacitor 
voltage and the 5th harmonic control circuits start up in 16.1 
and 16.2 seconds respectively. 

Figure 11 shows the response of the 5th harmonic 
detection circuit. Figure 11.a presents the 5th harmonic 
negative sequence in the passive filters, FFT(neg), calculated 
using a Fast Fourier Transform (FFT) based on a sample data 
window, and also the negative sequence, Detect(neg), 
extracted by the detection circuit. In the same way, 
Figure 11.b presents the calculated and extracted 
5th harmonic positive sequence, FFT(pos) and Detect(pos), 
respectively. It can be observed that besides the 5th harmonic 
negative sequence injected in the system, a small 
5th harmonic positive sequence is generated by the 
asymmetries in the transmission lines (non-ideally 
transposed) and the HVDC firing control. This results show 
that the detection circuit detects all the 5th harmonic current 
in the passive filters. 
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Fig. 11.a  FFT(neg) and Detect(neg) in the passive filters. 
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Fig. 11.b  FFT(pos) and Detect(pos) in the passive filters. 

The regulated capacitor voltages for all three phases are 
presented in Figure 12. After 16.1 seconds, the capacitor 
voltages are charged following the reference value. When the 
overcurrent is injected in the system, after 31 seconds, a 
variation in the capacitor voltages can be noted. However, 
the maximum variation in the capacitor voltages is less then 
10% of the reference voltage, providing an adequate power 
so that the 5th harmonic can be generated. Capacitances of 
1mF are used in the simulations.  

Figure 13 shows the gains Gcap(a), Gcap(b) and Gcap(c), used 
to regulate the capacitor voltage in each phase. In 
16.1 seconds, when the capacitor voltage control circuits start 
up, a high gain is generated in order to charge the capacitors 
(not presented here because of the sampling resolution). 
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Fig. 12  Capacitor voltages. 
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Fig.  13  Capacitor gains. 

The gains G5a, G5b and G5c, presented in Figure 14, can be 
interpreted as resistances, as illustrated in Figure 5. When the 
passive filters current is under its nominal current, from 15 to 
31 seconds, the gains has a negative value, making the active 

filter behaves like a negative resistance. The lower limit of 
the integrator is adjusted to have the same value of the 
passive filters resistance at the 5th harmonic frequency, which 
can be obtained in (1). This limit is used to prevent that the 
absolute value of the resistance generated by the active filter 
becomes higher than the resistance of the passive filters, 
avoiding the insertion of extra harmonic voltages at the bus.  

From 31 to 45 seconds, the gains reach a positive value, 
making the active filter behave like a positive resistance. 
Figure 15 shows the phases of the 5th harmonic current in the 
passive filters and the 5th harmonic voltage generated by the 
active filter. As explained, from 15 to 31 seconds, the voltage 
and current 5th harmonics are controlled to stay in counter-
phase. From 31 to 45 seconds, this harmonics have to reach 
the same phase. 

15 20 25 30 35 40 45
-40

-30

-20

-10

0

10

Time (s)
R

es
is

ta
nc

e 
S

ig
na

l

G5a 

G5c 

G5b 

 
Fig. 14  Resistance gains. 

15 20 25 30 35 40 45
-180

-120

-60

0

60

120

180

Time (s)

P
ha

se
 (D

eg
re

es
)

VF5a 

IF5a 

 
Fig. 15  Phases of 5th harmonic current and 5th harmonic voltage. 

Figure 16 shows the harmonic spectrum of the phase 
voltages in the 345 kV bus. When the active filter improves 
the quality factor of the passive filters, the 5th harmonic 
voltage at the bus decreases (from 0.16% to 0.075%). When 
the active filter protects the passive filters from an 
overcurrent, the 5th harmonic voltage increases as expected, 
achieving 1.3%. This value is in accordance with ONS 
standards (2% for the 5th harmonic). During an overcurrent 
situation, without the active filter, the passive filters would 
have to be disconnected resulting in a value beyond the 2% 
standard. In both cases a negligible harmonic content in the 
switching frequency is observed. 
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Fig. 16  Harmonic spectrum of the voltages in the 345kV bus. 
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Figure 17 presents the modules of the 5th harmonic 
currents for phase A in the lines directly connected at the 
345 kV bus of the circuit shown in Figure 2. The simulated 
harmonic pollution enters in the 345 kV bus via the 
transmission line coming from Interlagos (curve A). At 
31 seconds, this 5th harmonic current raises instantly. 
Curve B represents the total current of all filter banks, 
including the 5th harmonic filters. It can be observed that this 
total current is higher in the overcurrent situation. The other 
lines coming from the two bipoles, Guarulhos, synchronous 
compensators, Tijuco Preto and the 500/345 kV 
transformers, respectively curves C until G, are not 
significantly affected by the active filter. Other harmonics 
(3º, 4º, 6º, 7º, 11º and 13º) were analyzed in the simulation as 
well. However, those harmonics did not present any 
significant variation when the series active filter entered in 
the system. 
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Fig. 17  5th harmonic currents entering at the 345 kV bus. 

Figure 18 shows the 5th harmonic rms current in the 
passive filters. From 15 to 31 seconds, when the filter 
nominal current is not achieved, the active filter cancels the 
resistance of the passive filters, increasing the 5th harmonic 
rms current. From 31 to 45 seconds, when an overcurrent is 
detected, the active filter increases the resistance of the 
passive filters, protecting them against an overcurrent 
situation. A 10 seconds lag, caused by a delay in the 
detection circuit  as shown in Figure 11, can be observed in 
the response of the series active filter. This lag does not 
compromise the operation of the passive filters, since the 
integration time of its protection is 20 minutes. 
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Fig. 18  5th harmonic currents in the passive filters and its reference 

for phase A. 

In order to analyze the instantaneous performance of the 
series hybrid filter, Figure 19 presents a 50 ms interval with 
the voltage at the 345 kV bus (in kV), the output voltage 
generated by the active part of the series hybrid filter (in kV 
multiplied by 100) and the current at the hybrid filter (in kA 
multiplied by 1000) for phase A. At this interval the active 
filter generates a fundamental voltage in counter-phase with 
the fundamental current and a 5th harmonic voltage in phase 
with the 5th harmonic current at the passive filters, in order to 

discharge the capacitors and protect the passive filters 
respectively. 
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Fig. 19  Instantaneous performance of the series hybrid filter for 

phase A. 

B. Shunt Hybrid Filter 
The simulation results with the shunt hybrid filter are 

presented from Figure 20 to Figure 27. The system was 
simulated during 40 seconds. Similar to the series hybrid 
filter simulation, in the first 15 seconds the system achieved 
the steady state and in 15.1 and 15.2 seconds two pollutant 
sources, 20 A rms each, were injected far from the 345 kV 
bus to represent the 5th  harmonic pollution in the system. As 
the overcurrent situation in the passive filters was not 
achieved, in 15.3 seconds one of the pollutant sources goes 
from 20 A to 200 A rms, injecting 123, 117 and 113 A rms in 
the two passive filters, in phases A, B and C, respectively, 
divided equally over the two identical passive filters.  

In 16.0 seconds after the beginning of the simulation a 
breaker is switched to connect the active filter in the system. 
At this time the IGBTs are kept opened so that the capacitors 
in each phase are pre-charged through the diodes. The pre-
charge occurs almost instantaneously but is not enough to 
charge the capacitors with the reference voltage (3 kV). In 
16.1 seconds the capacitor voltages and the 5th harmonic 
control circuits start up and in 16.2 seconds the switching 
control circuit begins to operate, unblocking the IGBTs. 

Figure 20 shows the response of the detection circuit for 
the negative sequence of the 5th harmonic current in the 
passive filters. The detected 5th harmonic negative sequence 
current, Detect(neg)’, is compared with the 5th harmonic 
negative sequence current, FFT(neg)’, calculated the same way 
as in the series hybrid filter case. Despite a short delay, it can 
be observed that both curves achieve the same value, 
confirming the efficiency of the detection circuit. 
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Fig. 20  FFT(neg)’ and Detect(neg)’ in the passive filters. 

The capacitor voltages and the gains, generated to regulate 
these voltages, are presented in Figures 21 and 22, 
respectively. Variations in the voltages occur when the 
pollutant overcurrent enters in the system. Figure 22 presents 
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the gains, adjusted by the control circuit, to provide a 
variation less than 10% of the reference voltage.  
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Fig. 21  Capacitor voltages. 
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Fig. 22  Capacitor gains. 

Figure 23 shows the gains that control the 5th harmonic 
compensation current generated by the active filter. These 
gains, adjusted by the control circuit, start to rise when the 
current in the passive filters passes beyond its nominal value. 
After few seconds, these gains achieve a limit that is 
calculated for the active filters to operate in the linear region. 
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Fig. 23  5th harmonic compensation current gains. 

In Figure 24 the harmonic spectrum of the phase voltage 
in the 345 kV bus can be observed before and after the 
actuation of the shunt active filter. As it can be observed, the 
5th harmonic distortion is reduced and there is a negligible 
harmonic content in the switching frequency. In Figure 25 
the passive filters overcurrent protection is shown through 
the decrease of the 5th harmonic rms current when the 
control circuit starts to operate. 
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Fig. 24  Harmonic spectrum of the voltages in the 345kV bus. 
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Fig. 25  The total 5th harmonic currents in the two passive filters and 

its reference for phase A. 

Figure 26 shows the same variables presented in Figure 17 
for the series hybrid filter. For the shunt hybrid filter the 
extra 180 A rms does not enter in 31 seconds, but in 
16 seconds. As it can be seen, curve A is the same as in the 
case of the series hybrid filter, but in this case, curve B is 
descending near reaching the value of the entering pollution 
(curve A). In this case, as well as in the other lines, the 
harmonics are not significantly affected by the active filter. 
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Fig. 26  5th harmonic currents entering at the 345 kV bus. 

The instantaneous voltage at the 345 kV bus (in kV) and 
the currents in the active and passive parts for phase A of the 
shunt hybrid filter are presented in Figure 27. It can be 
observed that the current in the passive filters (in kA 
multiplied by 1000) is in phase with the current in the active 
filter (in kA multiplied by 2000). 
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Fig. 27  Instantaneous performance of the shunt hybrid filter for 

phase A. 

VI. CONCLUSION  

This work has presented a comparative study on two 
different topologies of hybrid filters with the objective to 
solve the problem of 5th harmonic overcurrents in passive 
filters in an electric power transmission system, adapting the 
operation limits of the semiconductor devices with the high 
power levels of the transmission systems. The simulations 
with both topologies presented satisfactory results. 

Besides limiting the passive filters current, the series 
hybrid filter also improves the quality factor of the filter 
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when the nominal current is not achieved. Other important 
advantages of this topology are its small rated power circuit 
and the absence of matching transformers.  

The results with the shunt hybrid filter showed its 
efficiency to compensate the overcurrent in the passive filters 
and its effectiveness to improve the THD of the 345 kV bus 
where the active filter is installed. A matching transformer is 
necessary in this case. 

Future works in this area would be the application of 
multilevel power circuits to increase the current capacity of 
the shunt hybrid filter and prototype implementations  
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