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Abstract— This paper proposes the comparison of Active 

Power Filtering (APF) and Inductive Active Filtering (IAF) 

which in turns improves the Power Quality for not only the 

distribution network i.e.; Public Grid but also the Non-

Linear Loads i.e.; Power Supply systems. At first, main 

circuit topology for implementing IAF method which 

consists of Inductively Filtered Converter Transformer 

connected with non-linear Load and Fully Tuned Branch 

which can be controlled through the inverter. Initially the 

mechanism of the APF is done through the technical 

features. Based on this the mathematical model is built and 

equivalent circuit is established with the filtering mechanism 

for IAF method. Then the designing of the Controller loop 

of Fully Tuned branch is configured. For the three phase 

supply system, results are compared for APF and IAF. 

Hence the harmonics can be reduced. The Power Quality 

improvement of Distribution Network can be done for three 

phase diodes controlled by fully tuned branch is Simulated 

using MATLAB/ Simulink to make the grid current 

sinusoidal.  
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I. INTRODUCTION 

The electrical distribution network is a power delivery 

system consisting of cables that deliver electric power from 

its point of generation to the end users. Electrical 

distribution systems are primarily designed to meet the 

consumer's demands for energy. In recent years, more power 

electronics are being applied to distribution networks such 

as three phase voltage source inverter. The network also 

provides power supply to the non-linear loads such as three 

phase diodes or thyristor rectifiers for medium voltage 

drives or large power industrial applications. 

Since the action of power electronic devices is 

inherently non-linear, there arises a Power-Quality problem 

in the distribution network and the power supply connected 

with that network. 

The PQ problems can be solved through the 

filtering methods. Usually it involves APF, passive power 

filtering and Hybrid power filtering.  Active Power Filters 

(APF) are often used in applications where low current 

harmonics are desirable and improvement of quality of 

energy taken from the power grid are needed. With the use 

of APF, it is possible to draw near perfect sinusoidal 

currents and voltages from the grid or renewable distributed 

power sources. With the use of APF it is also possible to 

control reactive power and keep unity power factor that is 

why they are mainly used in industry where dc current is 

needed. Since APF are effectively solve PQ problems of  

public network but cannot give solution to  power supply 

system connected to  the  network. This leads to additional 

losses, temperature increase, poor power factor and 

vibration.  

Hence to overcome these problems, Inductive 

Active Filtering method was proposed. This can prevent 

harmonics and reactive power components from flowing 

into primary winding of transformer. Thus improves PQ on 

power supply system. The Inductive filtering can only 

suppress the fixed order harmonics by the fixed impedance 

design for the Fully Tuned branch.  The inductive filtering 

method is designed based on the harmonic characteristics of 

the nonlinear load. 

The FT branch can track the change of harmonic 

components at the load side. It consists of LC circuit, 

Voltage Source Inverter. An LC circuit, tuned to each 

harmonic order to be filtered, is installed in parallel with the 

non-linear load representing more than 500KVA and the 

power factor correction to be done. This bypass circuit 

absorbs the harmonics, thus avoiding their flow in the 

distribution network. The FT branch is connected to the 

winding tap of converter transformer. The IAF method  can 

track online the change in harmonic generation of the 

nonlinear load and always maintain effective filtering 

performance. 

II. MAIN CIRCUIT FRAMEWORK 

The comparison of circuit topologies for APF and proposed 

IAF method is shown in the Fig. Usually the APF is 

configured with the coupling and converter transformer 

which is interfaced with non-linear loads of power system. 

The converter transformer is used to isolate the dc supply 

from the distribution network. A power transformer with 

MV/LV windings is generally used to connect the nonlinear 

load with the medium voltage distribution network. 

A. Active Power Filtering: 

The control method with APF shown in fig.2a mainly 

focused on the harmonic reduction and also on the voltage 

unbalance enhancement. The generated real power from 

distributed resources is injected to the grid by the inverter 

interfaced with grid. The inverter works like shunt APF and 

injects power to the grid.  The current at the grid is balanced 

and sinusoidal with power factor at unity, by compensating 

the unbalanced nonlinear load effects connected near point 

of common coupling like unbalance current, harmonic 

current, and reactive power of load. Hence the power quality 

improvement of distribution network that is only public grid 

is possible. 

During the analysis of harmonic flow, the load 

current flows into point of common coupling through the 

converter transformer and power transformer and  Hence 

these transformers is affected by harmonics and reactive 

components from load current resulting in temperature 

increase, noise, poor power factor. Since the PQ problems is 
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solved only to public grid but not to power supply system, 

for non-linear load, the APF  circuit is altered and 

configured with the  proposed IAF method. 

B. Inductive Active Filtering: 

The network topology for IAF method shown in fig 2b can 

be altered and configured by replacing converter and 

coupling transformer with an Inductively Filtered Converter 

Transformer. This transformer is connected between non-

linear load and power transformer. This converter 

transformer has special wiring scheme with the advantage 

that its secondary winding consists extended delta wiring. 

Between the extended and delta winding there is a linking 

point which is connected to the FT branch. This is shown in 

Fig.2c. 

The three phase VSI can be applied for medium 

and high power applications. The main purpose is to provide 

three phase source voltage, where the amplitude, phase and 

frequency of the voltages should always be controllable. The 

DC capacitor is connected at the output of VSI for 

smoothening and power factor correction. 

III. MODELING AND ANALYSIS OF FILTERING MECHANISM 

In the IAF circuit, the FT branch detects the harmonic 

current generated by the non-linear load and predicts the 

harmonic flow into the branch and it eliminates the 

harmonics through the LC filter which absorb harmonics 

and stop the flow in Distribution network. 

 
Fig. 2a: APF at primary of converter transformer 

 
Fig. 2b: Proposed IAF circuit 

Hence to balance the secondary of winding of 

transformer, firstly Equivalent circuit is built and then the 

mathematical model. 

A. Equivalent Circuit: 

The three-phase equivalent circuit model for inductively 

filtered converter transformer and FT branch is constructed. 

In this model, each winding of transformer is equivalent to 

an impedance and FT branch as a controlled impedance. The 

analysis of fundamental and harmonic currents from load to 

grid can be seen in Fig.3a 

 
Fig. 2c: Block Diagram of IAF 

 
Fig. 3a: Three-Phase Equivalent Circuit 

The voltage equations at the fundamental and 

harmonic frequencies can be obtained as 

 
                                                                                         (3.1) 

The Zh21 and Zh23 values is obtained from the short 

circuit test and Z2h is calculated as 
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               (3.2) 

According to the principle of transformer magnetic 

potential balance and ignoring very few exciting currents, 

the current equations at the fundamental and the harmonic 

frequencies can be obtained as 

      (3.3) 

Based on this equation, the relationship between 

winding current and FT branch current is obtained from 

Kirchhoff‟s current law (KCL). 

                      (3.4) 

where IALh, IBLh and ICLh can be used to express the 

harmonic characteristics of the non-linear load. 

Based on the equations it is easy to build the 

mathematical model of inductive filtered transformer and FT 

branch. It provides a guideline for impedance coordination 

and controller design of the IAF system. 

B. Filtering Characteristics: 

The current equations obtained during mathematical model 

from load side to the primary winding side of the 

transformer can be deduced as 

   (3.5)    

 Similarly the current from load side to secondary 

delta winding side can be obtained as 

(3.6) 

 Hence the filtering performance of IAF method 

depends on equivalent impedance of secondary delta 

winding and FT branch.  

 During the implementation of IAF, the equations 

about magnetic potential balance at h-order harmonic 

frequency can be obtained as 

(3.7) 

It indicates that harmonic magnetic potential of 

inductively filtered converter transformer is balanced 

between secondary extended and delta winding. Hence the 

harmonic currents cannot flow into the grid winding and 

they are isolated away from grid winding and grid side. 

IV. CONTROLLER DESIGN 

For the control strategy of the IAF method, a very important 

task is how to attract all of the harmonic components 

flowing from the load side into the FT branch and create the 

precondition for the harmonic magnetic potential balance 

between the secondary extended and delta winding. Here, 

the active technique is used for this task. Unlike the existing 

APF method, in the IAF method, the control object of the 

FT branch includes  

1) Track the change of harmonic components at the 

load side. 

2) Predict the amount of harmonic components that 

should flow into the FT branch. 

3) Generate the opposite harmonic components to 

eliminate them. 

The control flow includes the following parts:  

1) Calculation of p and q: Firstly based on the 

calculated values of three phase voltage (VAL , VBL 

and VCL ) and current ( IAL , IBL and ICL ) at load 

side, the instantaneous real power (p) and reactive 

power (q) are obtained using p-q theory. 

2) High Pass Filter (HPF) : The high pass filter is used 

to filter the dc and low frequency components in p 

and q thus converting to high frequency 
components. 

The performance of the HPF highly depends on the proper 

setting of the characteristic frequency fc. Here, in order to 

attract the full harmonic components from the load-side 
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current to the FT branch and, at the same time, prevent the 

fundamental component fc is set as 100Hz. 

3) Calculation of Harmonic components of Load side 

current : The harmonic components of load side 

current are extracted by high frequency p and q and 

load side voltage (VAL , VBL and VCL ). The dc 

voltage of VSI is controlled by proportional 

integral (PI) controller. The output of the PI 

controller is an additional component to filtered 

reactive power at q-axis. 

4) Calculation of Harmonic components attracted to 

FT branch : The harmonic currents Iaoh , Iboh and Icoh 

attracted from load side to FT branch are 

determined by the harmonic currents in secondary 

winding of converter transformer.  

5) Control Gain : The calculated currents Iaoh , Iboh and 

Icoh are multiplied by K to generate the current 

reference for the pulse-width modulation (PWM) 

of the VSI. The reference is compared with the 

output of the ac current of the VSI, which is used to 

produce the PWM waves for the independent 

current. The control flow is shown in fig 4a. 

 
Fig. 4a: Controller diagram for Fully Tuned branch 

 
Design parameters of the LC Filter: 

V. SIMULATION RESULTS 

The simulation of the proposed IAF method is done through 

MATLAB/Simulink as shown in fig. The model diagram of 

subsystem with three phase source, shunt APF circuit with 

the inclusion of inductively filtered converter transformer 

and non-linear load representing balanced and unbalanced 

loads is done and output is observed in MATLAB software. 

Initially for time period from 0 to 0.1s, Fully tuned branch is 

switched off. So the non-linear loads produce more 

harmonic currents during this time and is shown in Fig 5a. 

Then the LC filter of the controlled fully tuned branch is 

connected at the secondary windings of inductively filtered 

converter transformer and after 0.1s FT branch is switched 

on and purely sinusoidal waveform is observed. 

The dynamic response of the fully tuned branch for 

current on FT branch and current at dc side of non-linear 

load is observed in Fig 5b. The dynamic response to the 

variation of the non-linear load for voltage, current at the ac 

valve side of non-linear load and current in the grid winding 

is observed in Fig 5c. 

The amount of distortion in the voltage or current is 

quantified by means of Total Harmonic Distortion (THD). It 

is defined as the ratio of root-mean-square of root of 

harmonic content to the root-mean square value of 

fundamental quantity and expressed as the percentage of 

fundamental. Here the comparison of APF and proposed 

IAF method for calculation of THD is shown in fig 5d. It 

can be seen that with APF, the value of THD is 7.58% and 

for IAF, value of THD is 4.27%. Hence it is purely 

sinusoidal. 

 
y-axis : Current Is (kA)   and     x-axis : Time (sec) 

a) 0 to 0.1s : Current at the load side 

b) 0.1 to 0.2s : Current in the grid winding of transformer 

Fig. 5a: Three phase currents Is of the system 

 
Fig. 5b: Dynamic response when switching on FT branch. 

a) Three phase voltage Vs of system 

    b) Current on the FT branch IIAF 

                c) Current at the dc side of non-linear load (Vdc) 

 
Fig. 5c: Dynamic response to the variation of non-linear 

load 

a) Voltage at the non-linear load. 

b) Current at the ac valve side of non-linear load. 

                     c) Current in the Grid winding. 
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FFT analysis for APF: THD = 7.58% 

 
FFT analysis for IAF: THD=4.27% 

y -axis: Mag (% of Fundamental)   x-axis: Harmonic order 

Fig. 5d: FFT results on the current waveform in grid 

winding using APF and proposed IAF method. 

VI. CONCLUSION AND FUTURE WORK 

In this paper, using IAF method it is possible to improve the 

power quality of distribution network (public grid) and also 

the power-supply system (power consumer side) connected 

with the non-linear loads. The new power filtering method is 

introduced with the FT branch design, used to create the 

balance of harmonic magnetic potential in the windings of 

converter transformer. With the improved THD, it is 

possible to make the current in grid winding purely 

sinusoidal using IAF method. 

It has potential application in industrial power-

supply systems and in future we can replace distributed 

network with the Renewable Energy Sources (RES) such as 

solar, wind etc. which will make the system more effective 

and reliable. 
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