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Abstract  

In industrial power system the unintentional series and/or parallel resonances are tuned with passive filter and 

the line inductance which result in severe harmonic distortion. This paper presents a hybrid active filter to suppress 

harmonic resonance and to reduce harmonic distortion by using fuzzy logic controller. In power system the hybrid 

filter is operated as variable harmonic conductance according to the voltage total harmonic distortion so, harmonic 

distortion has reduced to an acceptable level. Since the hybrid filter is a seventh- tuned passive filter and an active 

filter in series connection, both dc voltage and kVA rating of the active filter are decreased compared with the pure 

shunt active filter. In real application the active power filter with fully power electronics is very expensive. A 

reasonable tradeoff between filtering performances and cost is to use the hybrid active filter. Furthermore, this paper 

discusses filtering performances on line impedance, line resistance, voltage unbalance, and capacitive filters. 
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Introduction 

Consonant contamination is turning out to be 

progressively genuine because of broad utilization of 

nonlinear burdens, for example, customizable speed 

drives, uninterruptible power supply frameworks, 

battery charging framework, and so on. This hardware 

more often than not utilizes diode or thyristor rectifiers 

to acknowledge control transformation due to lower part 

cost and less control unpredictability. Be that as it may, 

the rectifiers will contribute a lot of symphonious 

current streaming into the power framework, and the 

subsequent consonant mutilation may offer ascent to 

glitch of delicate hardware or meddling with 

correspondence frameworks in the region of the 

consonant sources. Ordinarily, tuned aloof channels are 

sent at the optional side of the circulation transformer to 

give low impedance to prevailing consonant present and 

right power consider for inductive burdens (Simpson, 

2005; Dionise and Lorch, 2010). In any case, because of 

parameter varieties of uninvolved channels, unexpected 

arrangement and additionally parallel resonances may 

happen between the inactive channel and line 

inductance. The usefulness of the aloof channel may fall 

apart, and over the top symphonious enhancement may 

come about (Currence et al., 1995; Wu et al., 1998).  

Different dynamic separating approaches have 

been utilized to address the consonant issues in the 

power framework (Singh et al., 1999; Akagi, 2005; 
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Bhattacharya et al., 2009). The dynamic channel 

planned for remunerating symphonious current of 

nonlinear burdens is the most famous one, yet it may 

not be successful for stifling consonant resonances 

(Bhattacharya and Divan, 1995; Peng, 2001). A 

dynamic inductance half and half channel was exhibited 

to enhance the execution of the inactive channel 

(Bhattacharya et al., 1997). A crossover channel in 

arrangement with a capacitor bank by a coupling 

transformer was proposed to smother the consonant 

reverberation and to remunerate symphonious current 

Fujita et al., 2000; Detjen et al., 2001; Verma and 

Singh, 2009) by utilizing fuzzy logic controller. 

Nonetheless, this technique needs additional 

coordinating transformers or tuned uninvolved channels 

to ensure separating usefulness. As of late, a 

transformer less half and half dynamic channel was 

introduced to repay symphonious current as well as 

principal receptive current (Akagi et al., 2003). A 

crossover dynamic channel with damping conductance 

was proposed to smother symphonious voltage 

proliferation in circulation control frameworks. In any 

case, this technique did not consider the reverberation 

between the detached channel and the line inductance. 

The altered conductance may crumble the damping 

exhibitions. This circuit was restricted to three single-

stage inverters, and the separating execution was not 

considered. What's more, the half and half dynamic 

channel was proposed for the brought together power 

quality (PQ) conditioner to address PQ issues in the 

power appropriation framework. A few contextual 

analyses of the crossover dynamic channel considering 

ideal voltage or current bending were led in ideal multi-

target plan of half and half dynamic power channels 

considering a misshaped domain.  

In the past a transformer-less half and half 

dynamic channel to smother consonant resonances in 

the mechanical power framework was exhibited. The 

cross breed channel is built by a seventh-tuned detached 

channel and a dynamic channel in arrangement 

association. It works as a variable conductance at 

consonant frequencies as indicated by the voltage THD, 

so that symphonious bending can be lessened to a 

satisfactory level because of load change and power 

framework variety. Since the arrangement capacitor is 

in charge of managing the principal part of the matrix 

voltage, the dynamic channel can work with a low dc 

transport voltage, contrasted and the immaculate shunt 

dynamic channel. Consequently, both the appraised 

kVA limit and the exchanging swells are diminished in 

like manner. In addition, the proposed symphonious 

conductance by fuzzy can keep away from overcurrent 

of the latent channel on account of mistuning 

parameters. The sifting execution of the cross breed 

channel is examined considering X/R proportion and 

amplified varieties of line impedance. We additionally 

concentrate on sifting disintegration because of line 

resistance, voltage unbalance, and capacitive channels 

in the power framework. By and large, a dynamic 

power channel is intended to remunerate consonant 

current delivered by a particular nonlinear load, in a 

manner that it needs to gauge the heap current to be 

repaid (Lam et al., 2012). The dynamic channel is 

outlined as a symphonious conductance to smother both 

consonant reverberation and symphonious contortion by 

utilizing inverter-side voltage and current estimations. 
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OPERATION PRINCIPLE  

   Figure 1(a) shows a simplified circuit diagram, 

where Ls represented the line inductance plus the 

leakage inductance of the transformer. The hybrid 

active filter unit (HAFU) is constructed by a seventh-

tuned passive filter and a three-phase voltage source 

inverter in series connection. 

Fig. 1. a) Circuit diagram of the HAFU. b) Control 

block diagram of the HAFU 

 

   The passive filter Lf-Cf is intended for 

compensating harmonic current and reactive power. The 

inverter is designed to suppress harmonic resonances 

and improve the filtering performances of the passive 

filter. Fig. 1(b) shows the overall control block diagram 

of the HAFU, including harmonic loop, fundamental 

loop, current regulator, and conductance control. A 

detailed principle will be presented as follows. 

HARMONIC LOOP 

    To suppress harmonic resonances, the HAFU is 

proposed to operate as variable conductance at 

harmonic frequencies as follows: 

      (1) 

Where, represents the harmonic current command. 

The conductance command  is a variable gain to 

provide damping for all harmonic frequencies. 

Harmonic voltage component is obtained by using 

the so-called SRF transformation, where a phase-

locked loop (PLL) is realized to determine the 

fundamental frequency of the power system. In the 

SRF, the fundamental component becomes a dc value, 

and other harmonic components are still ac values. 

After transferring back to a three-phase system, the 

harmonic current command  is obtained by 

multiplying and the conductance command , as 

shown in (1). 

FUNDAMENTAL LOOP 

In this paper, the q-axis is aligned to a-phase 

voltage. Since the passive filter is capacitive at the 

fundamental frequency, the passive filter draws 

fundamental leading current from the grid, which is 

located on the d-axis. The proposed inverter produces 

slight fundamental voltage on the d-axis, which is in 

phase with the fundamental leading current. Therefore, 

the control of dc bus voltage is able to be accomplished 

by exchanging real power with the grid. Thus, the 

current command  is obtained by a proportional 

integral (PI) controller. The fundamental current 
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command  in the three-phase system is generated 

after applying the inverse SRF transformation. 

Equation (2) shows the harmonic voltage drop on the 

passive filter due to the compensating current of the 

HAFU, where Ih represents the maximum harmonic 

current of the active filter, and the voltage drop on filter 

resistance Rf is neglected. As can be seen, a large filter 

capacitor results in the reduction of the required dc 

voltage. On the other hand, the filter capacitor 

determines reactive power compensation of the passive 

filter at the fundamental frequency. Thus, the dc 

voltage can be determined based on this 

compromise. Note that the compensating current should 

be limited to ensure that the hybrid filter operates 

without undergoing saturation, i.e., 

             (2) 

CURRENT REGULATOR 

  The current command is consisted of  and . 

Based on the current command and the measured 

current i, the voltage command can be derived by 

using a proportional controller as follows: 

             (3) 

Where Kc is a proportional gain. According to the 

voltage command space-vector pulse width 

modulation (PWM) is employed to synthesize the 

required output voltage of the inverter. The 

computational delay of digital signal processing is equal 

to one sampling delay T, and PWM delay approximates 

to half sampling delay T/2. Hence, the proportional gain 

Kc can be simply evaluated from both open-loop and 

closed-loop gains for suitable stability margin and  

 

current tracking capability. 

Fig. 2. Conductance control block diagram 

 

CONDUCTANCE CONTROL 

Figure 2 shows the proposed conductance 

control. The harmonic conductance command is 

determined according to the voltage THD at the 

HAFU installation point. The voltage THD is 

approximately calculated by the control shown (Fig. 

2). Here, two low-pass filters (LPFs) with cutoff 

frequency fLP= 20 Hz are realized to filter out ripple 

components. The error between the allowable THD 

and the measured THD is then fed into a PI controller 

to obtain the harmonic conductance command . 

Note that PI parameters need to be tuned for required 

response and stability. For example, the proportional 

gain can be tuned for transient behavior, and the 

integral gain is responsible for suppressing the steady-

state error. The bandwidth should be lower than one-

tenth of the cutoff frequency of the current loop to 

assure stable operation. This way, the HAFU is able to 

dynamically adjust to maintain harmonic distortion 

at an allowable level. 

Fuzzy logic control 

 Fuzzy logic control consists of set of linguistic 

variables. PI controller is replaced with Fuzzy Logic 

Control. Mathematical modelling is not required in 

FLC.  
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 It consists of fuzzification. 

Fuzzification 

 Membership function values are assigned to 

linguistic variables. In this scaling factor is between 1 

and -1. 

Inference method 

 There are several composition methods such as 

Max-Min and Max-Dot have been proposed and Min 

method is used. 

Defuzzificaion 

A plant requires non fuzzy values to control, so 

de-fuzzification is used. The output of FLC controls the 

switch in the inverter. To control these parameters they 

are sensed and compared with the reference values. To 

obtain this the membership functions of fuzzy controller 

are shown in figure 3. The set of FC rules are derived 

from  

 u=-[α E + (1-α)*C]                       (15) 

Where, α is self-adjustable factor which can regulate the 

whole operation. E is the error of the system, C is the 

change in error and u is the control variable. A large 

value of error E indicates that given system is not in the 

balanced state. If the system is unbalanced, the 

controller should enlarge its control variables to balance 

the system as early as possible.  

Fig. 3. Fuzzy logic Controller 

 

 

Results 

The resonant frequency between the passive filter 

Lf−Cf and line inductance Ls is close to the fifth 

harmonic frequency, fifth harmonic distortion on e, is, if 

are significantly amplified as shown in figures. 4(a) and 

5(a). As can be seen, the passive filter loses its filtering 

functionality and even causes excessive harmonic 

current in is or harmonic voltage on e. It is worth noting 

that the resonant frequency could be shifted toward the 

lower frequency due to the existence of the leakage 

inductance of the transformer. After the start of the 

HAFU, the harmonic distortion is clearly improved as 

shown in figures. 4(b) and 5(b). The THD of e is 

reduced to 2.0% with = 0.97 p.u. for NL1 and = 

3.05 p.u. for NL2, respectively.  

Fig. 4(a). Line voltage e, source current is, load current 

iL, and filter current i in the case of NL1 initiated. X-

axis: 5 ms/div HAFU is off 

Figure 5 shows the transient waveforms of , 

THD of e, and vdc as the nonlinear load is changed by a 

stepped increase from NL1 to NL2 at T. Large nonlinear 

current will result in large voltage distortion on e. Due 

to the proposed tuning control, the conductance 

command is increased to 3.05 p.u. to draw more 

harmonic current shown in figure 6(b) in order to 

maintain    voltage   THD    at   2%.   Figure  6(a)   also  
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demonstrates vdc is well controlled to 50 V to ensure 

proper operation of the active filter. 

Fig. 4(b). Line voltage e, source current is, load current 

iL, and filter current i in the case of NL1 initiated. X-

axis: 5 ms/div HAFU is on. 

Fig. 5(a). Line voltage e, source current is, load current 

iL, and filter current i in the case of NL2 initiated. X-

axis: 5 ms/div HAFU is off. 

Fig. 5(b). Line voltage e, source current is, load current 

iL, and filter current i in the case of NL2 initiated. X-

axis: 5 ms/div HAFU is on.  

Fig. 6(a). Transient response when the nonlinear load is 

increased at T Waveforms of vdc, Voltage THD, . X-

axis: 100 ms/div; Y -axis: vdc (V), (1.21 p.u./div), 

and THD (1.25%/div).  

 

 

 

Fig. 6(b). Transient response when the nonlinear load is 

increased at T Current waveforms. 

Conclusion 

This paper presents a hybrid active filter to 

suppress harmonic resonances in industrial power 

systems by usimg fuzzy logic controller. The proposed 

hybrid filter is composed of a seventh harmonic- tuned 

passive filter and an active filter in series connection at 

the secondary side of the distribution transformer. With 

the active filter part operating as variable harmonic 

conductance, the filtering performances of the passive 

filter can be significantly improved. 
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