
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 03, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 18 

 A Novel Approach on Power Quality Enhancement using SAPF-IUPQC 

Matrix Converter for BLDC Motor 
Raghavendran C.R1 Mr.S.Padhmanabha Iyappan2  

1PG scholar 
2Assistant Professor 

1,2Department of Electrical and Electronics Engineering  
1,2Valliammai Engineering College

Abstract— Increasing in difficulty in the power system due to 

power quality  issues  are  most  significant  problems .  If the 

power quality issues increases, then sensitive electronic 

equipment are likely to be affected which causes a major 

financial losses.  This  paper  tends  look  at  the  solving  the 

power quality problems such as sag and swell problems by 

using Dual Unified Power Quality  Conditioner  (iUPQC) by 

shunt active power filter (SAPF) .  In  iUPQC  there  is  no  

need of coordinate transformation this reduces the complex 

calculation. The proposed system can able to compensate the 

nonlinear load condition, sensitive loads such as BLDC 

motors this system protects the motor from the 3phase faulty 

conditions  and also ensure the sinusoidal voltage for the load 

in all three phases and also to attain a constant ripple free 

motoring operation .This results in the enhancing the power 

quality The simulation result is verified using 

MATLAB/SIMULINK. 
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I. INTRODUCTION 

Utilization power quality conditioners in the distribution 

system network have increased during the past years due to 

the steady increase of nonlinear loads linked to the electrical 

grid. The current exhausted by nonlinear loads has a high 

harmonics, distorting the voltage at the utility grid and 

subsequently affecting the operation of critical loads and 

sensitive load such as BLDC motor.  unified  power  quality  

conditioner  (UPQC),  it  is possible to ensure a regulated 

voltage for the loads, balanced and  with the  lower  harmonic  

distortion  and  at  the  same  time draining undistorted 

currents from from the utility grid, regardless of the fact that 

the grid voltage and where the load current contains harmonic 

content. The UPQC consists of dual active filters with the 

series active filter (SAF).  The PAF is frequently controlled 

as a non-sinusoidal current source,  which  is  answerable  for  

compensating  the harmonic current of the load, while the 

SAF is controlled by a non-sinusoidal voltage source, which 

is responsible for compensating the grid voltage. Both of 

them have a control reference   with   harmonics,   and   

usually,   these references might be obtained through    

complex methods. The aim of this paper is to propose a 

methodology control technique for a dual three phase 

topology of a unified power quality conditioner   (iUPQC)   is  

to  be   utilized in   the utility  grid inter connection.  The  

proposed  control  scheme  is  developed  in ABC reference 

frame which allows the use of classical control theory  

regardless  any    requirement  for  coordinate  transformers  

and digital control implementation. 

II. DUAL UPQC 

The structure of conventional UPQC is designed with SAF 

and a PAF, as shown in Fig. 1. The voltage compensated  by 

the SAF is made up of a fundamental content and also 

through the harmonics. The PAF works as a current source, 

and it is responsible for remunerating the unbalances, 

displacement, and harmonics of the load current, ensuring a 

sinusoidal grid current. In this SAF works as a voltage source 

in order to compensate the grid distortion, unbalances, and 

disturbances like sags, swells, and flicker.  The series filter 

connection to the utility grid is made through a transformer, 

while the shunt filter   is usually directly connected to the 

load, mainly in low-voltage grid applications. The   

conventional   UPQC   has   the     drawbacks such as : 

complex harmonic extraction of the grid voltage and also 

complex  calculations in the load  where the   voltage  and  

current references with harmonic contents requiring a high 

bandwidth control, and the leakage inductance of the series 

connected transformer affecting the voltage compensation 

generated by the series filter. To minimize these drawbacks, 

the iUPQC is investigated in this paper, the main scheme is 

determined in the Fig.2. The method of the iUPQC is very 

alike to the conventional UPQC it uses an association of the 

SAF and also PAF diverging only through way the series and 

shunt filters are controlled. In the iUPQC, the SAF works as 

a current source part, which imposes an sinusoidal input 

current coordinated with the grid voltage. The PAF works as 

a voltage source imposed through the sinusoidal load voltage 

synchronized with the grid voltage. In this way, the iUPQC 

control uses sinusoidal references which are derived from 

transfer function for both series active filters and shunt active 

filters. 

 
Fig. 1: Dual UPQC (iUPQC). 

III. PROPOSED CONTROL SCHEME 

The proposed system on iUPQC control structure is based on 

ABC reference frame control with the matrix converter in 

order to reduce the ripples and improve the motor 
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performance, where the SAF and PAF are controlled in a self-

governing way, shown in Fig. 3.In the proposed control 

scheme represents the power calculation and harmonic 

extraction are not needed since the harmonics, unbalances, 

distortions, and dislocation should be compensated using the 

IUPQC and SAPF.The Series Active Filter (SAF) is a current 

loop in order to safeguard a sinusoidal grid current 

synchronized with the grid voltage.  The PAF has a voltage 

loop in order to ensure a stable regulated load voltage with 

low harmonic distortion. These control loops are self-

governing from each other since they act independently in 

each  active  filter.  The  dc  link voltage control is completed 

in the SAF, where the voltage loop represents the amplitude 

reference for the current loop, in the same mode of the power  

factor  converter control schemes. The variation in the voltage 

level causes heavy distortions in the system this distortion 

and ripples are compensated using proposed system. 

 
Fig. 2: Control of proposed Dual UPQC (iUPQC). 

IV. SAF CONTROL METHODOLOGY 

The SAF(Series active Filter) control scheme consist of three 

equal grid current loops and two voltage loops system where 

the current loops helps for tracking the reference to each grid 

input phase in order to control the grid current self-

sufficiently. One voltage loop is accountable for adaptable 

the dc-link potential voltage, and the other is accountable for 

avoiding the unbalance occurring between the dc-link 

capacitors shown in the Fig. 4.The total dc voltage control 

loop has a low-frequency comeback and determine the 

reference amplitude  for  the current loops. Thus, when the 

load increases, overcoming the input grid current, the dc link 

providing momentarily the active power consumption this 

resulting in a decrease of its voltage. This voltage controller 

helps to steady increase the grid current reference, aiming to 

reinstate the dc link voltage In  the  same  way,  when  the 

load  decreases,  the  voltage controller decreases the grid 

current reference to regulate the dc link  voltage.  consider the 

three phase input current also to refer the sinusoidal and 

objective towards  the voltage loop transfer function is 

obtained done by the method of power balance analysis. The 

transfer function resulting for Series Active Filter (SAF) is 

tabulate and given below table 1. 

 
Fig. 3: Control Block of  SAF 

The transfer function derived for Series Active Filter 

(SAF) is tabulated and given below table 1. 

 
Table 1: Transfer Function Of Saf 

V. PAF CONTROL METHODOLOGY 

The PAF control scheme has three identical load voltage 

feedback loops, excluding for the 120 ̊ phase displacements 

from the orientations of each other. The voltage loops are 

answerable for tracking the sinusoidal voltage reference for 

each load output phase is to control the load voltages self-

reliantly shown in Fig. 5. 

The potential loop transfer function is obtained 

through the analysis on the single-phase equivalent circuit 

shown in Fig.17.  The transfer function resultant for Shunt 

Active Filter (PAF) is tabulated and given below table 2. 

 
Fig. 4: Control Block of PAF 
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The transfer function derived for Shunt Active Filter 

(PAF) is tabulated and given below table 2 

 
Table 2: Transfer Function Of Paf 

VI. CONTROL BLOCK OF BLDC 

DTC methodology considers a vector determination suitable 

that empowers the free control of the electromagnetic torques 

created by the stages associated with the inverter legs are in 

synchronous Conduction. On the other hand, it has been 

accounted for in that the two-stage conduction mode is 

punished by high torque swell during sector-to-area 

conduction mode has been incidentally thought to be amid 

part to-division recompenses. The present study adds to this 

methodology on account of B4-inverter-nourished BLDC 

motor drives under DTC. The BLDC motor is additionally 

alluded to as an electronically commutated motor. There are 

no brushes on the rotor and the recompense is performed 

electronically at certain rotor positions. The stator stage 

windings are embedded in the spaces (a circulated winding) 

or can be twisted as one curl on the attractive post. The 

changeless polarization magnets and their relocation on the 

rotor are picked in a manner that the Back-EMF shape is 

trapezoidal 

VII. MATRIX CONVERTER 

Three phase matrix converter is an AC-AC power converter 

with 18 IGBT switches where the output phase can be 

interconnected to any input phase. Some of the advantages 

over this converter are providing bidirectional power flow, 

absence of DC link capacitor, sinusoidal input and output 

current with adjustable displacement angle.  Various 

modulation strategy for matrix converter has been 

investigated due to harmonic spectrum, total harmonic 

distortion (THD), complexity of implementation and 

switching play an important roles. 

 
Fig. 5: DTC of BLDC Block 

 
Fig. 6: Basic block of matrix converter 

Mathematical analysis of the power circuit along 

with duty cycle calculation is proposed for both low voltage 

transfer ratio and high voltage transfer ratio 

VIII. SIMULINK MODEL 

The Simulink is developed by using Math Works which is 

said to be a graphical data flow graphical programming tool  

for the modeling, simulating and analyzing multi domain 

dynamic systems. Its primary interface is a graphical block 

diagramming instrument and a customizable set of block 

libraries. 

 

Fig. 7: Simulation For Without Compensation 

 
Fig. 8: Output For Without Compensation 
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Fig. 9: THD for without compensation 

When an additional load is being the time period of 

0.05 to 0.6 t the output current in the load side will be 

increased,so that the  output voltage is reduced which is 

shown in the above simulation result Fig 7. 

 
Fig. 10: Output for Unified Power Quality Conditioner 

(UPQC) 

 
Fig. 11: THD for UPQC 

 
Fig. 12: Simulation of Proposed System 

 
Fig. 13: Simulation of PAF controller 

 
Fig. 14: Output for iUPQC 

When an additional load is being of 0.05 to 0.6 t the 

output current in the load side will be increased so the output 

voltage will be reduced but here Dual unified power quality 

conditioner is used so voltage is compensated and the 

harmonics is reduced to 0.05%. 

 
Fig. 15: Simulation of SAF controller 
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Fig. 16: THD of iUPQC 

 
Fig. 17: Voltage and current wave form after faulty 

condition 

When any fault occued in the system the relay sense 

the fault and breaker is opened,so the currewent is zero at that 

point 

 
Fig. 18: Rotor Torque 

Due to sag and swells are reduced the system rotor 

torque is maintained constant with reduced ripples 

 
Fig. 19: Stator current and back EMF 

Pure sinusoidal wave form produces a better 

constant in BLDC motor 

 
Fig. 20: Speed in RPM 

IX. CONCLUSION 

The proposed system confirms that the combination of 

(IUPQC) system with SAPF helps to reduce the distortions in 

the system, where the power quality level is being well 

improved the matrix converter which is being implemented 

which helps to reduce the  dc link capacitors and also the main 

advantage of the proposed control in relation to other 

proposed schemes were the consumption of sinusoidal 

reference  for  both (SAPF)  series  and  shunt  active  filter  

controls without the need for complex calculations or 

coordinate transformations. This proposed system produces a 

ripple free operation in the BLDC and also protects the 

system during the faulty conditions 
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