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Abstract – Power quality have different definition, 
depending upon ones frame of reference. Any problem in 
electrical quantity i.e. in voltage, current, frequency deviation 
results in failure in the system. There are lots of power quality 
problem like transients, voltage harmonics, current harmonics, 
voltage imbalance, long duration voltage variation, short 
duration voltage variation, power frequency variation etc. 
This paper presents, problem related to voltage harmonics and 
simulation model of three phase Series Active Filter (SAF) to 
mitigate this voltage harmonics problem. Control algorithm is 
used for three phase SAF is Synchronous Reference Frame 
(SRF). This SAF is implemented by three phase Voltage Source 
Inverter (VSI). This model of SAF is developed in MATLAB/ 
SIMULINK environment and simulation results of power 
quality improvement in the system are presented in terms of 
Total Harmonic Distortion (THD).   
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1 INTRODUCTION 
 

Firstly, this paper introduces what is power quality? Any 
power problem i.e. problem related to voltage and current 
that results in failure or misoperation of customer 
equipment. So, from power equation it is clear that power 
quality problem is strongly related to voltage quality 
problem because voltage is controlled by power supply 
system and current is varied by particular load. Therefore 
the standard in power quality is maintained by maintaining 
consistency in supply voltage.  

Now a day’s power quality is a grave issue in large 
industry because it directly affect on its profitability, which 
is definitely impetus to industry. In this fast growing world 
use of power electronics device, i.e. inverter, cycloconverter, 
semiconductor device, high voltage drive in traction, rectifier 
with R-C load, domestic electronic equipment like CFL, 
computers, fax machine etc. are increase. This load creates 
disturbance in voltage waveform, produces voltage 
harmonics. Sometimes this problem may be severe and it can 
lead to a complete shut off the production in semiconductor 
plant, which pulls the economic crisis.  

In earlier day, this voltage harmonics problem is mitigate 
by using shunt passive filter. But it is not effective in light 
load, there is a problem of voltage regulation, at light load. 
Due to passive element, system suffers from lagging power 
factor and increases voltage drop in passive element [6]. To 

overcome this problem and to provide better compensation 
here is use advance series active power filter.  

This SAF is implemented by three phase VSI. VSI is acts as 
a controlled voltage source. For controlling these VSI i.e. SAF 
there are different topologies are used. These topologies are 
time domain, frequency domain and other new technologies. 
P-Q theory, instantaneous reactive power theory, SRF 
theory[4], instantaneous power balance method, balanced 
energy method, synchronous detection algorithm, notch 
filter based method are the time domain method. Furrier 
method is one of the frequency domain methods. Dead beat 
control, space vector modulation and wavelet conversion are 
some of the new techniques. In this paper synchronous 
reference frame topology is used.  

SRF topology relies on PARK’S transformation which 
converts three phase voltage and current variables into a 
stationary reference frame. The system with this topology is 
very stable and requires less computation.  By using SRF 
topology, reference signals are generated. Theses reference 
signal is compared with sensed load voltage and produces a 
gating signal for switching of inverter. Compensation 
reference signal is produces by generating proper gate signal 
for VSI. For that comparison purpose and produces proper 
gate signal, it is required to use perfect controlling 
techniques. There are various controlling technique like 
linear control technique and hysteresis controlling 
technique, sinusoidal pulse width modulation controller etc. 
in this thesis hysteresis controlling technique is used. 

1.1 Synchronous Reference Frame 

  
Fig.1.1 Synchronous Reference Frame  

This proposed control strategy i.e. SRF technique is used 
in series active filter for generating reference signal. Above 
fig. shows general block diagram of SRF. In this method three 
phase source voltage Vabc is given to abc-dq0 transformation, 
which converts supply voltage Vsabc by equation,  
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    =  

Where, ωt is the transformation angle and Vsabc is the supply 
voltage.  

In SRF ωt is the time varying angle which rotates at 
constant speed with three phase voltage.  

Simultaneously three phase voltage Vsabc is also given to 
phase locked loop. Phase lock loop is control system that 
generates an output signal whose phase is related to the 
phase of an input signal. In synchronous reference frame it is 
used to generate the transformation angle (ωt) which 
presents the angular position of the reference frame. It is 
called as park transformation. The low pass filter is used to 
obtain reference source voltage in d-q-0 co-ordinates. The 
output of PLL and low pass filter is given to inverse park 
transformation, which converts d-q-o into a-b-c by using 
below equation:  

 =  

In this way by using synchronous reference frame 
technique generate reference signal. 

 1.2 Hysteresis Current Control Technique: 

Hysteresis current control technique is used for 
generation of firing signal for switching of VSI. Output of SRF 
i.e. reference voltage signal is given to hysteresis controller. 
It is a instantaneous control that forces the APF 
compensation voltage (Vf) to follow its reference signal i.e. 
voltage reference signal (Vref) within a certain tolerance 
band. Compensation voltage (Vf) is measured and then 
compared with reference voltage signal (Vref) and resulting 
error is used to determine the gating signal. When error is 
within the hysteresis band no switching action is taken. 
Switching is taken when error is beyond hysteresis band.  

 

 
Fig.1.2.1 Hysteresis Controller  

 

Fig. 1.2.2 Gate signal  

2. MATLAB SIMULATION Model Of SAF 
 

The objective of this paper to present simulation 
model of “Series Active Power Filter” for compensation of 
voltage harmonics, voltage unbalance etc. In this section 
discuss various simulations model which useful for APF and 
results related to this. 

Fig. 2.1 shows Series Active power Filter with 
reference signal generator, hysteresis controller, series 
active filer which is connected through transformer, shunt 
passive filter and rectifier with R-C. Supply given to this 
model is three phase 400V. 

2.1 System Parameter 
 
1 System voltage, Frequency 400V , 50Hz 

2 Source inductor 0.20471e-3 

3 Transformer Turn ratio 1:1 

4 Load capacitor 10 F 

5 Load resistor 0.01 

 
2.2 Simulation Results 
 
 Up till now in this paper discuss control strategy for 
controlling APF and also see simulation model for APF. Now 
in this section discuss results of APF by using control strategy 
synchronous reference frame theory with hysteresis  

 



          International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395 -0056 

               Volume: 04 Issue: 05 | May -2017                     www.irjet.net                                                                p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 5.181       |       ISO 9001:2008 Certified Journal         Page 2975 
 

 

Fig. 2.1 Simulation of APF  

Controller. Discuss results under following condition: 

 Simulation results without filter and with nonlinear  
R-C load 

 Simulation results with active filter and with 
nonlinear R-C load 

2.2.1 Simulation results without filter and with 
nonlinear R-C load    

 
Fig. 2.2.1 a) Source Voltage waveform without APF 

 
Fig. 2.2.1 b) Load voltage waveform without APF 

 

Fig 2.2.1 c) THD of source voltage without APF 

2.2.2 Simulation Results with APF and with 
nonlinear R-C Load 

 

Fig. 2.2.2 a) Source voltage waveform with active filter 

 

Fig. 2.2.2 b) THD of source voltage with APF  

3. CONCLUSIONS 
 
 This paper presents series active filter for voltage 
harmonic compensation. By using synchronous reference 
frame theory and hysteresis controller here design series 
active filter. And by using this paper compensate voltage 
harmonics. The series active filter is works as controlled 
voltage source. 

 In experimental results, by using series active filter THD is 
reduced from 47.16% (nonlinear load without compensation) 
to 0.21% (nonlinear load with compensation). 
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