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Abstract. In this paper a control strategy for hybrid filter 
has been proposed. It is based on resistive behaviour of the set 
compensation equipment-load. The hybrid filter is formed by a 
power active filter of connected in series with the source and a 
passive filter connected in parallel with the load. With this 
strategy is possible to compensate the reactive power and to 
mitigate source current harmonic caused by non-linear loads. 
To verify its performance, an experimental prototype has been 
designed. This was subjected to three EMC test according to 
IEC 61000-4: voltage unbalances, voltage dips and voltage 
harmonics. It allowed the functionality of the compensation 
equipment against these perturbations to be verified. In all tests, 
the equipment maintains its functionality before, during and 
after the perturbation in the supply voltage. 
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1. Introduction 
  
To improve the electric power quality various 
configurations with active power filter (APF) have been 
proposed. In most topologies APFs, the control objective 
is the reactive power compensation and harmonic 
mitigation. These compensation equipments are effective 
in many situations, although the most suitable topology 
depends on the nonlinear load [1]. Typically, the 
operation of the equipment is checked in normal supply 
voltage; however, these equipments must operate 
correctly when a disturbance appears in the supply 
voltage. So, it is interesting to know the compensator 
behaviour in these situations. 
The IEC-61000 standard [2-4] for electromagnetic 
compatibility (EMC) establishes test conditions to apply 
to any electrical device. Thus, the compensation 
equipment should be checked so that they can operate in 
environments polluted since the electromagnetic point of 
view. 

In this paper, a hybrid filter topology has been subjected 
to various tests of electromagnetic compatibility. The 
topology analyzed consists of a series active filter and 
parallel passive filter (SAPPF), Fig. 1 [5].  Here, a new 
strategy has been applied to the series active filter [6]. It 
is based on the resistive behaviour of load and 
compensation equipment. This control strategy has 
proved effective in the compensation of nonlinear loads 
of three and four wires. However, their behaviour has not 
been verified against disturbances in the supply voltage. 
Hybrid filter behaviour has been analyzed in three tests 
for electromagnetic compatibility: voltage dips, voltage 
unbalance and voltage harmonics. Experimental results 
have allowed the verifying of the correct performance of 
the hybrid filter. 
  
2. Hybrid filter topology an control strategy  
 
Electrical companies try to generate electrical power with 
sinusoidal and balanced voltages and it has been obtained 
as a reference condition in the supply. Due to this fact the 
compensation target is based on an ideal reference load 
which must be resistive, balanced and linear [6]. It means 
that the source currents are collinear to the supply 
voltages and the system will have unity power factor. 
Therefore, at the point of common connection (PCC) the 
following expression will be satisfied 
 
 iv eR=  (1) 
 
Here, Re is the equivalent resistance and v the voltage 
vector on the connection point and i the supply current 
vector. 
 
The equivalent resistance can be calculated by 
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Fig. 1 Scheme of series active filter combined with shunt 
passive filter 

iS iL 

iC 

+    vC   - 

LS 

LR L5 L7 

 C5 C7 

Vdc Vdc 

CR 

Ideal behaviour 

vPCC vL 
Nonlinear load 

Fig. 3.  Voltage at the PCC and source current: a) without 
compensation; b) With SAPPF.  
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Where PL is the load average power and I1

+ the direct 
sequence component of the current. The aim is that the 
compensation equipment and load have ideal behavior 
from the point of common coupling (PCC). The upstream 
voltage of the active filter can be calculated as follows 
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Thus, the reference signal for the output voltage of the 
active filter is 
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That is, when the active filter generates this 
compensation voltage, the set load and compensation 
equipment will behave as a resistor with a Re value. Thus, 
the proposed compensation strategy allows reactive 
power to be compensated and current harmonics to be 
eliminated. 
 
3. EMC Test 
 
The experimental prototype was designed according to 
power circuit shown in Fig. 2. The active filter is 
constituted by a converter Semikron SKM50GB123-type 
IGBT bridge. At the DC side, two 100 V capacitors are 
connected. At the AC side an LC filter has been included 
to eliminate high switching frequency. This set is 
matched to the power system by means of three single-
phase transformers with a turn ratio of 1:1 to ensure 
galvanic isolation. 
 
The passive power filter is formed by two LC branches 
tuned to the 5th and 7th harmonics. Each passive element 
values are included in Fig. 2. 
 
The control strategy was implemented in a control and 
general application data acquisition cards compatible 
with Matlab-Simulink and developed by dSPACE.  
 

The proposed strategy is applied to compensate a 
nonlinear load constituted by an uncontrolled three-phase 
rectifier with 12.5 Ω resistors in series with a 55 mH 
reactor at the DC side. 
 
When the supply voltage is sinusoidal, and the SAPPF is 
connected, the set compensation equipment-lod has a 
resistive behavior. This is shown in Fig. 1, where the 
voltage and current waveforms after compensation are 
sinusoidal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this section, the experimental results when the hybrid 
compensator (SAPPF) is subjected to different 
perturbations of the supply voltage are presented. The 
applied voltage characteristics in each the tests 
correspond with those established by the standard IEC 
61000-4 in its sections of immunity to voltage harmonics, 
voltage dips and voltage unbalance, for equipment with 
currents less than 16 A per phase. It is considered an 
electromagnetic environment of Class 3, which is 
established for an industrial facility in where disturbances 
are considered greater than those classified in other 
classes. 
 
 
 

Fig. 2. Circuit scheme to be checked according the 
standard IEC 61000  
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Fig. 4.  Result for unbalance voltage test with k=25 %:
a) voltages at the PCC; b) source currents.  
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Fig. 5.  Voltage dips test. Results for dips of 70 %. 
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Fig. 6.  Voltage dips test. Results for dips of 40 %. 

A. Voltage unbalance 
 
The IEC 61000-4-27 [4] standard establishes the voltage 
waveform to the analysis of immunity to voltage 
unbalances. For equipment class 3 three unbalance 
factors are defined: 8, 17 and 25. The unbalance factor, k, 
is defined in IEC 50160 standard as the ratio between the 
negative sequence components (U2) and the positive 
sequence component (U1), measured at the main 
frequency, this is 
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Here the results for the worst case are presented. 
Therefore, the test is performed for unbalance factor of 
25% of direct sequence voltage. To set this unbalance in 
the voltage source are adjusted RMS voltage and phase 
angle following: 

 
 125 0 ; 90 134 ; 90 134a b cV V V V V V= ∠ = ∠− = ∠  
 
Fig. 4a shows the voltage waveforms at the point of 
common coupling. Voltage RMS values  are 92.2 V,  
88.0 V and 86.1 V for phases a, b and c, respectively. 
This voltage is measured with the analyzer phase Fluke 
434. Voltage reduction is due to the voltage drop across 
the source impedance. This system presents an inverse 
sequence component of 17.3% and a zero sequence 
component of 11%.7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4b shows the current waveforms for the three phases. 
It shows how the current system is unbalanced, with 
RMS values of 8.8 A, 7.5 A and 7.6 A for the phases a, b 
and c. The THD are 4.3%, 1.6% and 3.4% respectively. 
This current system has a negative sequence component 
of 15% and a zero sequence of 3.5%. 
 
Table I shows the most significant measured values: 
RMS, THD, harmonics, powers and power factor per 
phase. 

This test allows to verify the functionality of the 
compensation equipment against such disturbances of 
supply voltage. 

 
 
 
 
 
 
 
 

 
B. Voltage dips 
 
Standard IEC 61000-4-11 [2] establishes the waveform to 
which must be applied to an equipment to evaluate their 
immunity to voltage dips. The dip length is set to 5 cycles 
of the fundamental frequency. The voltage is reduced to 
70% and 40% from its nominal value. The voltage drop 
will occur when the phase “a” presents an angle phase of 
0 º, 45 º, 90 º or 135 º.  
 
In the first test was considered a voltage dip of 70% of 
rated voltage. The instant at which occurs the dip is in the 
zero crossing of the supply voltage. As it is established in 
the standard, its duration is 5 cycles of fundamental 
frequency. Fig. 5 shows the voltage at the point common 
coupling and the source current when the dip is produced. 
The supply voltage reduction causes a decrease in current 
during 5 cycles of length. After that period the voltage at 
the point of common coupling and the source current are 
restored. 
 
 
 
 
 
 
 
 
 
 
 
 
In the second test the depth of the dip increases up to 
40% of the supply voltage. When the voltage phase has 
an angle of 0° the voltage dip is generated. Fig. 6 shows 
the voltage and current waveforms at the point of 
common coupling. 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE I. Results in the voltage unbalances test with k=25% 
 
  THD(%) RMS Fund. H3 H5 H7 H9 P(kW) Q(kvar) S(kVA) PF 

V 2.2 93.9 93.6 1.3 0.6 0.5 0.5 Fase a
I 4.3 8.8 8.7 0.3 0.1 0.1 0.1 

0.82 0.07 
(ind) 0.82 0.99

V 1.3 88.0 87.9 0.3 0.2 0.1 0.2 Fase b I 1.3 7.5 7.4 0.1 0.0 0.0 0.0 0.65 0.04 
(ind) 0.65 0.99

V 1.3 86.9 86.8 0.8 0.2 0.1 0.1 Fase c
I 3.4 7.6 7.6 0.3 0.0 0.0 0.0 

0.65 0.09 
(ind) 0.66 0.99

 



Fig. 7.  Distorted voltage test, with 3rd harmonic of 8 %
and 5th  harmonic of 5 %. Voltage at the PCC and source
current.  
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Fig. 8.  Distorted voltage test, with 5th harmonic of 12 %. 
Voltage at the PCC and source current.  
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In the same way, the equipment was tested against 
voltage dips of different durations (1 cycle, 10 cycles, 25 
cycles and 50 cycles) and different initial phase angles. In 
all cases, results were similar to those presented in this 
section. In neither case the compensation equipment lost 
their functionality. 
 
C. Voltage harmonics 
 
Tests with distorted supply voltage have been made 
according to the standard IEC 61000-4-13 [3]. Here, the 
voltage waveform distortion must include both individual 
harmonics and combinations of them.  
 
In the first test, immunity results against oscillatory wave 
are presented, where the supply voltage is defined by  
 

( ) ( ) ( )1 1 1( ) sin ω 0.08 sin 3ω π 0.05 sin 5ωpv t V t t t= + + +    
 
This waveform includes an harmonic of 3rd  order of 8 % 
and a harmonic of 5th order of 5 %. Fig. 7 shows voltage 
and current waveforms obtained in this test. Here it is 
possible to see the resistive behaviour. 
 
 
 
 
 
 
 
 
 
 
 
 
The following test allows to check the behavior of the 
compensation equipment against a voltage waveform 
which contains an harmonic of 5th order of 12%. That is, 
a waveform for the “a” phase defined by the expression  

 
 ( ) ( )1 1( ) sen ω 0.12 sen 5ωpv t V t t= +    
 
Fig. 8 shows the voltage waveforms at the point of 
common coupling and source current. THD voltage is 
10.1% and it has a harmonic of 5th order of 9.6 V as 
most significant harmonic. Furthermore, THD source 
current is 9.0% and the predominant harmonic is of 5th 
order with 0.8 A. 
 
 
 
 
 
 
 
 
 
 

In both tests, immunity against oscillatory wave and 
harmonic of 5th order, the results are similar with respect 
to powers and power factor. 
 
4.  Conclusions 
 
A control strategy for hybrid filter has been proposed. 
Hybrid filter is formed by an active power filter of series 
connection and a passive filter of parallel connection.  
The aim compensation is that the set compensation 
equipment-load has resistive behaviour.  
 
To verify the performance this strategy, an experimental 
prototype SAPPF hybrid filter has been designed. The 
compensation strategy applied to the active filter has 
been effective for compensation of reactive power and 
harmonic mitigation. On the other hand, to verify its 
performance in distorted environment the compensation 
equipment has been subjected to EMC three tests, 
according to IEC 61000: 

− Voltage unbalances. 
− Voltage dips. 
− Harmonics in the supply voltage. 

 
It allowed the functionality of the compensation 
equipment against these perturbations to be verified. In 
all tests, the equipment maintains its functionality before, 
during and after the perturbation in the supply voltage. 
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