
Abstract

The harmonic mitigation using shunt active filters are most widely used in industrial and commercial applications. The 

mathematical modeling of the system and design of the controller using synchronous reference frame theory for harmonic 

mitigation  is presented. The nonlinear load commonly known as diode rectifier load is simulated using MATLAB/SIMULINK 

and shunt active filter is validated for harmonic reduction.
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Introduction 

In the midst of the recent developments, power electronic devices are  playing a vital role in controlling and 

compensating the harmonics. With the help of Power Quality concepts and semiconductor technology, the utility and 

customers are finding various solutions to mitigate or compensate the harmonics in nonlinear loads. As the nonlinear 

loads draw nonlinear currents from the sources, this is a main concern to the generation of harmonic currents in the 

lines. The other causes of harmonics are, impedances resulting distorted voltages which can disturb the operation of 

users connected to the same supply, malfunctioning and insulation breakdown of equipment due to overheating, false 

tripping of protection equipment, wrong measurements, poor power factor etc.,[1-3 ]. In order to provide stable, 

reliable and high quality power, a voltage source inverter with series inductances, automatic voltage regulators or 

controller and a shunt capacitor C  shown in fig.1,is combined with Static Compensator  (STATCOM)[3].dc

STATCOM also contributes to unbalanced voltage sag mitigation, drives the source current to be fundamental 

frequency sinusoidal and balanced, also capable in achieving reactive power compensation [3]. In addition to this, 

several topologies like series shunt and hybrid power filters [4] are designed and implemented to meet IEEE 519-

1992 guidelines of harmonic standards. 

In this paper, a shunt active power filter (SAPF) is proposed to mitigate harmonic component in the line currents. The 

three phase line currents are converted to single phase currents using d-q transformation theory such that reference 

currents are generated, which are fed to the SAPF. The compensating currents from SAPF are added with source 

currents, to make the source currents sinusoidal which will be free from harmonic components.
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Fig 1 : Block diagram of STATCOM
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This paper is formulated as follows :

Modeling of STATCOM in section II, STATCOM control strategy in section III, simulation results in section IV.

Fig 2 : Equivalent circuit of STATCOM

Fig 3: Schematic of Controller

Modeling of STATCOM

A study of the literature shows that SAPF is more popular due to its performance and flexibility. It is assumed that the 

source, Vs is balanced, sinusoidal with frequency 'ù', the SAPF operates as a controlled voltage source, V through f 

the inductance L at PCC. A simplified equivalent circuit is shown in fig 2.f 

From this circuit, the differential equations of the STATCOM currents are :

Where V  is the converter output phase voltage with respect to neutral and V  are the PCC bus phase voltage with sk fk

respect to neutral, where k =a, b, c lines

STATCOM Control Strategy
Due to various nonlinear loads it is necessary to analyze the power flow in time domain rather than frequency 

domain. The dq0 transformation is used to analyze the time domain, which transforms the 3 phase supply to 3 three 

orthogonal axis dq0 [5-6 ].
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The structure of the controller block diagram shown in fig 3. The purpose of the control system is to generate the 
*reference currents i , where k =a, b, c for the current controlled Voltage Source Converter (VSC), which will inject a k

current at the PCC, so that the source current would be sinusoidal and in phase with the PCC voltage.

 The currents at the PCC are then transformed to the synchronous reference frame using the unit signals. The ripple in 

the currents are then filtered out using Low Pass Filter (LPF). A constant direct reference current (i ) of the active dref

energy component is generated with reference voltages V  and V  loop. In order to keep the reference currents in dc ref

phase with voltages at PCC, a Phase Locked Loop (PLL) is used to generate the signals sinwt and coswt with the help 

of supply voltages (Va, Vb, Vc).

 Simulation Results

The digital simulation using MATLAB/SIMULINK, the waveforms at various points of the system is shown below. 

The load consists of a three phase bridge rectifier and resistor inductor (RL) load. The STATCOM is switched on 

between t=0.12s to 0.3s, as shown in fig 5. It is noted that the source current is sinusoidal after connecting the 

STATCOM and in phase with voltages at PCC. The currents at the load end are shown in fig 7.

Fig 4 : SIMULINK Model of Shunt Active Power Filter
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A. Specifications of the system

V  =230v (Phase to Phase),          supply

Fundamental frequency =50Hz

Load:

Active Power (P ) =2000w,                   L

Inductive Power (Q ) =1000wL

Voltage Source Converter:

V =400v, Series Inductance L=20mHdc

PI controller:

K =0.08, K =0.1p i

Low Pass Filter:

Order =2, Cut off frequency, Fc=25Hz

Fig 5 : Source currents at PCC

Fig 6 : Compensation currents at PCC

Fig 7 : Load currents



B. Remarks on the results

From fig 5, it is seen that the source current is increased after connecting the compensator. The reason is that the DC 

bus (Vdc) supplies a part of active energy that is required by the load. The STATCOM also supplies active energy in 

addition to the harmonic compensation. 

The Fast Fourier Transforms are then applied to the source currents to calculate the Total Harmonic Distortion (THD) 

shown in fig 8. The THDs for the currents at source end is shown in table I.

Conclusion

The results from the system simulation demonstrate the effectiveness of the STATCOM in providing balanced 

sinusoidal source currents, although the load currents are distorted. In order to mitigate the harmonics, a VSC based 

Shunt Active Power Filter is used. It is noted that the THD is well within IEEE 519-1992 standards.
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Fig 8 : FFT analysis of the load current after connecting STATCOM

Table I

THD of Source Currents
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