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Abstract: The major power quality issues are voltage sag, voltage swell and voltage harmonics in distribution
system. These power quality issues are solved by custom power conditioning devices such as Dynamic
Voltage Restorer (DVR), Distributed Static Compensator (DSTATCOM) and Unitied Power Quality Conditioner
(UPQC). Thus study presents the ability of Unified Power Quality Conditioner (UPQC) to mitigate voltage sag,
voltage swell and voltage harmomics mn distribution system. UPQC 1s moedeled in MATLAB-SIMULINK
environment with Fuzzy Logic (F1.), Neural Network (NN) and Neuro Fuzzy (NF) controllers. The performances
of UPQC with three controllers are compared and from comparison it is concluded that UPQC with NF controller
effectively mitigates voltage sag, voltage swell and voltage harmonics.
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INTRODUCTION

Voltage sag, voltage swell and voltage harmonics are
the most important power quality problem. Sensitive
equipments used in industries and domestic are not
tolerating these power quality 1ssues (Dugan ef al., 2003;
Singh, 2009). UPQC is a combination of series and shunt
Active Power Filters (APF) comnected to a common DC
link voltage as shown in Fig. 1. UPQC 1s modeled either
with voltage-source inverter or current source inverter
(Pal et al., 2010). In thus study, UPQC 1s modeled by using
Voltage Source Inverters (VSTs).
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Fig. 1: Block diagram of UPQC

To make input current sinusoidal, shunt APF inject a
compensating harmonic current and the series APF mject
a compensating voltage to make load voltage sinuscidal
(Kumar and Sastry, 2011). This study investigates the
ability of UPQC with FL, NN and NF to mitigate voltage
sag, swell and harmonics. UPQC with three controllers
modeled in MATLAB-SIMULINK environment. The
performances of UPQC with three controllers are
compared. Results show that UPQC with NF controller
effectively  mitigates sag, and

voltage swell

harmonics.
MATERIALS AND METHODS

Figure 2 shows distribution system under study with
UPQC. The UPQC is connected in-between the source
and load, to protect the load from voltage sag, swell and
harmomnics. Voltage sag, swell and harmonics are realized
using RL load, RC load and Rectifier type load,
respectively. Three different controllers such as FL., NN
and NF are used for UPQC to mitigate the above
mentioned
study.

issues. FHach controller 1s discussed in
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Fig. 3: Fuzzy logic controller
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Fig. 4: Neural network controller
Table 1: Fuzzy rule base
E/AE NB NM NS Z Ps PM PB
NB NB NB NB NB NM NS Z
NM  NB NB NB NM NS Z PS
NS NB NB NM NS zZ Ps PM
Z NB NM NS zZ Ps PM PB
PS NM NS Z P38 PM PB PB
PM NS Z PS PM PB PB PB
PB Z Ps PM PB PB PB PB

The fuzzy logic controller: Figure 3 shows the block
diagram of FL controller (Mikkih and Panda, 2011).
Fuzzy rules are framed by expert experience or knowledge
database (Saad and Zellouma, 2009). The fuzzy rule base
is shown in Table 1 (Mikkili and Panda, 2012).

The neural network controller: NN controller consists of
three neuron layers. The three layers are input layer, the
hidden layer and the output layer. The output from NN is
received by comparator and finally the output from
comparator 1s applied to PWM generator to trigger VSI as
shown in Fig. 4.

The neuro fuzzy controller: NF controller combines the
featire of fuzzy and neural networks. Figure 5 shows
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Fig. 5: Neuro fuzzy controller

diagram for NF controller. It consists of 5 layers such as
the fuzzy layer, product layer, normalized layer, defuzzy
layer, total output layer (Abdelkhalek ef al., 2010).

RESULTS AND DISCUSSION

UPQC 1s simulated by using MATL AB/Simulink with
FI., NN and FN controllers. Table 2 shows system
parameters.

System without UPQC: Imtially for 0-0.05 sec the load
voltage is not find any issues such as sag, swell and
harmonics. At 0.05 sec RL and rectifier type load 1s
comnected which leads to voltage sag. When load 1s
removed suddenly at 0.05 sec from system, the system
voltage rise, 1.e., voltage swell occurs. Figure 6-8 show
source voltage, load voltage with sag and load voltage
with swell, respectively. The voltage sag and voltage
swell occurs from 0.05-0.15 sec.

Figure 9-11 show FFT analysis of source voltage,
load voltage with sag and load voltage with swell,
respectively. The THD values of source voltage, voltage
sag and voltage swell are 0.04, 43.21 and 26.08%,
respectively. The THD value of system without UPQC is
given in Table 3.

Voltage sag, voltage swell and harmonics mitigation by
UPQC with fuzzy logic controller: Figure 12 and 13 show
load voltage after mitigation for voltage sag and voltage
swell, respectively by UPQC with FL controller. FFT
analyses of mitigated voltages are shown m Fig. 14
and 15. The THD values of mitigated load voltage for
voltage sag and voltage swell are 0.62 and 0.33%,
respectively. The THD values of load voltage without
and with mitigation by UPQC with FL controller are given
in Table 4.

Voltage sag, voltage swell and harmonics mitigation by
UPQC with neural network controller: Figure 16 and 17
show load voltage after mitigation for voltage sag and
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Table 2: System parameters

Table 3: THD values of the systern without UPQC

Parameters Values THD Values (%)
Supply voltage phase to phase 380V Without UPQC

Source resistance 010 Load voltage with sag 43.21
Source inductance 1 mH Load voltage with swell 26.08
Line frequency 50Hz

Load Diode rectifier

Srubber resistance R = 500
Srmubber capacitance C = 250e-9 F
Load resistance 150

Load inductance 60 mH
DC link capacitance 5000e-6 F
DC link voltage 500V
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Fig. 7: Load voltage with sag
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Fig. 9: FFT analysis source voltage

voltage swell, respectively by UPQC with NN controller.
FFT analyses of mitigated voltages are shown in Fig. 18
and 19. The THD wvalues of mitigated load voltage for
voltage sag and voltage swell are 0.45 and 0.29%,

Table 4: THD values of load voltage without and with mitigation by

UPQC with FL controller
THD Values (20)
Without UPQC
Load voltage with sag 43.21
L.oad voltage with swell 26.08
With UPQC
Rag mitigated load voltage 0.62
Swell mitigated load voltage 0.33

Fundamental (50 Hz) = 3.749, THD = 43.21%
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Fig. 10: FFT analysis of load voltage with sag
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Fig. 11: FFT analysis of load voltage with swell
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Fig. 12: Load voltage after sag mitigation by UPQC with
FL controller

respectively. The THD values of load voltage without and
with mitigation by UPQC with NN controller are given in
Table 5.
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Table 5: THD wvalues of load voltage
UPQC with NN controller

without and with mitigation by

Table : THD values of load wvoltage without and with mitigation by
UPQC with NF controller

THD

Values (%0) THD Values (%)
Without UPQC Without UPQC
Load Voltage with sag 43.21 Load voltage with sag 43.21
Load voltage with swell 26.08 Load voltage with swell 26.08
With UPQC With UPQC
Sag mitigated load voltage 0.45 Sag mitigated load voltage 0.29
Swell mitigated load voltage 0.29 Swell mitigated load voltage 0.18
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Time (sec)

Fig. 13: Load voltage after swell mitigation by UUPQC with
FL controller
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Fig. 14: FFT analysis of load voltage after Sag mitigation
by UPQC with FL controller
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Fig. 15: FFT analysis of load voltage after swell mitigation
by UPQC with FL controller

Voltage sag, voltage swell and harmonics miti-gation by
UPQC with neuro fuzzy controller: Figure 20 and 21
show load voltage after mitigation for voltage sag and
voltage swell, respectively by UUPQC with NF controller.
FFT analyses of mitigated voltages are shown in
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Fig. 16: Load voltage after sag mitigation by UJPQC with
NN controller
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Fig. 17: Load voltage after swell mitigation by UPQC
with NN controller
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Fig. 18 FFT analysis of load voltage after sag mitigation
by UPQC with NN controller

Fig. 22 and 23. The THD values of mitigated load voltage
for voltage sag and voltage swell are 0.29 and 0.18%,
respectively. The THD values of load voltage without and
with mitigation by TTPQC with NF controller are given in
Table 6.

Comparison of UPQC with fuzzy logic, neural network
and neuro fuzzy controllers: Performance of UPQC with
FL, NN and NF controllers for voltage sag and voltage
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Fig. 19: FFT analysis of load voltage after swell
mitigation by TJPQC with NN controller
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Fig. 20: Load voltage after sag mitigation by UPQC with
NF controller
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Fig. 21: Load voltage after swell mitigation by UPQC with
NF controller
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Fig. 22: FFT analysis of load voltage after sag mitigation
by UPQC with NF controller

swell mitigation and THD are compared and given in
Table 7. The performances of UPQC with FL., NN and NF
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Fig. 23: FFT analysis of load wvoltage after Swell
mitigation by UPQC with NF controller
Table 7: Comparison of UPQC with FL, NN and NF controller
Controller

Factors FL NN NF
L.oad voltage THD after sag mitigation (%o) 0.62 0.45 0.29
Load voltage THD after swell mitigation (%) 0.33 0.29 0.18
Load voltage after mitiagation 377.00 375.00 379.00
Error in load voltage atter mitiagation (%6) 0.03 0.05 0.01

controllers are compared. The simulation results show
UPQC with NF controller effectively mitigates voltage
sag, voltage swell and voltage harmonics in distribution
system compared to FL and NN controllers.

CONCLUSION

Unified Power Quality Conditioner (UPQC) is used to
mitigate voltage sag, swell and harmonics in distribution
system. Three different controllers such as Fuzzy Logic
(FL), Neural Networle (NN) and Neuro Fuzzy (NF) are
used. UPQC is simulated with FL, NN and NF in
MATLAB-SIMULINK environment. The performances of
UPQC with three controllers are compared. The simulation
results show UPQC with Neuro Fuzzy (NF) controller
effectively mitigates voltage sag, swell and harmonics in
distribution system compared to Fuzzy Logic (FL) and
Neural Network (NN) controllers.
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