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ABSTRACT: This paper presents a combination of active 

and passive filter for the elimination of harmonics 

produced by non-linear loads. In the proposed technique 

passive filter is used to eliminate lower order harmonics 

and active filter is used to eliminate higher order 

harmonics, and active filter also improves the filtering 

characteristics of passive filter. By the use this system lesser 

rating of active filter is required leading to a practical and 

economical system. The present paper presents a 

compensation method that is programmed in MATLAB-

SIMULINK environment 

 

1. INTRODUCTION 
Harmonics in the power system are caused by non- linear 

loads such as rectifiers, inverters, cycloconverters and arc 

furnaces etc. Passive filters consisting of bank of tuned LC 

filters and/or high-pass filter are broadly used to eliminate 

these harmonics because of their low cost and high 

efficiency. But passive filters have to suffer following 

disadvantages:- 

1) A passive filter may fall into series resonance with a 

source so that voltage distortion produces excessive 

harmonic current flowing into passive filter. 

2) Parallel resonance between a source and a passive filter 
causes amplification of harmonic current on the source side 

at specific frequencies. 

3) Source impedance strongly affects the filtering 

characteristics (Gyugyi and Strycula, 1976). 

          By the introduction of high speed semiconductor 

devices like IGBT‟s (Insulated gate bipolar transistor) and          

MOSFET‟s (Metal oxide semiconductor field effect 

transistor) active filters came into practical use. Active filter 

covers all the disadvantages of passive filters (Majid Pakdel 

and Khalil  Rahimi Khoshoei, 2007). 
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Fig.1 Combination of series active and shunt passive filter 

But active filter have following disadvantages:- 

 

1) Initial and running costs are high. 

2) It is difficult to construct large rated current source with  

    rapid current response. 

  
Fig. 1 shows a combination of a series active filter and shunt 

passive filter (Akagi et al., 1986). The shunt passive filter 

connected in parallel with the load eliminates harmonics 

produced by the load, whereas active filter connected in 

series with source acts as a harmonic isolator between the 

source and the load. This paper presents a combination of 

passive filter and a small rated active filter connected in 

series with each other. Passive filter eliminates load 

harmonics whereas active filter acts as a harmonic isolator 

which improves the filtering characteristics of active filter. 

As a result, proposed system can solve the problems using 
passive filter alone. As a result active filter of much smaller 

rating is required than conventional active filters. 

 

This scheme proved to be more economical because passive 

filters are cheaper than active filter for eliminating lower 

order harmonics and in this scheme we use passive filter to 

eliminate lower order harmonics and active filter to eliminate 

higher order harmonics and also to improve the filtering 

characteristics of passive filter. 

 

2. System configuration 
 

Fig. 2 is a proposed system of an active filter and a passive 

filter, which are connected in series with each other. The 

system is installed in parallel with a harmonic producing 

non- linear load. Here we had used three phase thyristor 

bridge converter. Passive filters are fifth and seventh tuned 

LC filters and a high pass filter. The main circuit of active 
filter is a three phase current controlled voltage source PWM 

inverter using six MOSFET‟s. The PWM inverter has a dc 

capacitor of 1200 μF. Small rated LC filter (LR,CR) are also 

used to reduce the switching ripples generated by active 

filter.  

 

Table I shows the constants of the passive filter and the small 

rated LC filter used in the following experiment. Three 

current transformers of turn ratio 1:10 are connected to match 

the voltage-current rating of the active filter with that of 

passive. 
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Fig.2. Proposed System Configuration 
 

 
 

3. Control circuit 

 

A control circuit is also shown in Fig. 2. Three phase source 

current Isu, Isv and Isw are detected from the supply and 

source harmonic current Ish are calculated in each phase by 

applying p-q theory. Terminal voltages and the source 
currents are transformed from three to two phase quantities 

as follows:- 

 
Here eu, ev and ew are the fundamental of the terminal 

voltages vtu, vtv and vtw respectively. Hence the 

instantaneous real power p and the instantaneous imaginary 

power q are givwn by:- 
 

 

The ac component are extracted by two high-pass filter, and 

the harmonics of the three phase source currents Ishu , Ishv 

and Ishw are obtained by the following calculation: 

 
The calculated harmonic current in each phase Ish is 

amplified by gain K and input to a PWM controller as a 

reference 

 

 

 

 

Fig. 3. Switching patterns from PWM technique 

 
 

To produce PWM switching patterns, the PWM controller 

compares this reference signal with a triangular carrier wave 

whose frequency is 20 kHz and pulses are generated at the 

point of intersection of reference wave and high frequency 

triangular wave and these pulses are applied to the gate 

terminal of the inverter for appropriate switching. Fig. 3 

shows the switching patterns from PWM technique. 

 

4. Compensation principle 
 

Fig. 4 shows single-phase equivalent circuit circuits of the 

proposed system. Assuming that the active filter is an ideal 

controllable voltage source Vc and that the load is a current 

source IL. Fig. 2 can be redrawn as Fig 3(a), where Zs is a 

source impedance and ZF is the total impedance of the 

passive filter 

 

Fig. 4. Equivalent circuit of proposed filter system: 

 

     (a) Single phase equivalent circuit, 
     (b) Equivalent circuit of Ilh, 

     (c) Equivalent circuit of Vsh 
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When no active filter is connected (K=0), a load harmonic 

current LLh is compensated by passive filter, filtering 

characteristics of which depends on the ratio of Zs and ZF . 

From Fig. 3, the source harmonic current ISh is given by:- 

 

 
 

If the source impedance is so small (|Zs| ≈ 0), or unless the 

passive filter is tuned to harmonic frequencies generated by 

the load (|ZF|»|Zs|), desirable filtering characteristics would 

not be obtained. Moreover parallel resonance between Zs and 

ZF occurs at specific frequencies (|ZF|+|Zs| ≈ 0), causing 

harmonic amplification phenomena. As a result much larger 

amount of harmonic current flows in the source than in the 

load. When the active filter is connected, and is controlled as 

a voltage       source. 
 

 
The active filter forces all the harmonic contained in the load 

current to flow into the passive filter so that no harmonic 

current flows in the source. The function of the active filter is 
to solve the problem inherent in using the passive filter alone. 

In addition, no fundamental voltage is applied to the active 

filter. This results in a great reduction of the voltage rating of 

the active filter. 

 

5. Filtering characteristics 
 
Let us consider filtering characteristics for the load harmonic 

current ILh. Let us assume that a source voltage VS, is 

sinusoidal. The source harmonic current ISh, the terminal 

harmonic voltage VTh and the output voltage of the active 

filter Vc are given by the following three equations 

 

 
 

Equation (8) tells us that Fig. 4(a) is equivalent in ISh to Fig. 

4(b). This means that a pure resistance K(Ώ) is connected in 

series with ZS as shown in Fig. 3(b). If K »|ZF|, all the 

harmonic current produced by the load would sink into the 

passive filter. If K »|ZS|, K would dominate the filtering 
characteristics. In addition, K acts as a resistor to damp 

parallel resonance between ZS and ZF. 

 

 
 

 

Fig. 5 filtering characteristics for load harmonic current  
 

In Fig. 5 the vertical axis indicates the ratio of source 

harmonic current to the load current. In the case of passive 

filter used alone (K=0), parallel resonance occurs near the 

fourth harmonic frequency. In the case of proposed system 

(K=2), the filtering characteristics are improved for all over 

the harmonic frequencies, and no parallel resonance occurs. 

Now, let us discuss the harmonics present in the source 

voltage, assuming there is no load (LLh=0) in Fig. 4(a). The 
active filter behaves just like a pure resistor K(Ώ) as shown 

in Fig. 4(c). From Fig. 4(c), the following equations are 

obtained: 

 

 
 

If K » |ZF+Zs|, Vsh would be applied to the active filter. This 

prevents harmonic currents caused by Vsh from following 

into the passive filter. 

 

6. SIMULINK MODEL 
 

Simulink model is shown in Fig.6 

 

7. SIMULATION RESULTS 
 

Fig. 7 shows terminal voltage waveform and THD analysis 

without any compensation 
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Fig.6. Simulink model 

 

 
Fig. 7. Terminal Voltage waveform and THD 

analysis without any compensation 

 

 
Fig. 8 shows source current waveform and THD analysis 

without compensation 

 

 

Fig. 9 shows terminal voltage waveform and THD 

analysis after compensation 

 

 
 

Fig.9. Terminal Voltage waveform and THD analysis after 

compensation 

 

Fig. 10 shows source current waveform and thd 
analysis after compensation 

 
Fig.10. Source current waveform and THD analysis after 

compensation 

8. CONCLUSION 
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The authors have proposed a combined system of a passive 

and an active filter, which are connected in series with each 

other. The theory developed in this paper was verified 

analytically and experimentally. The features of proposed 

system are summarized as follows: 

1. Filtering characteristics are independent of source 

impedance. 

2. Parallel and series resonance between the source and the 

passive filter can be damped by the active filter. 

3. The required rating of the active filter is much smaller than 

that of a conventional active filter used alone 
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