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Abstract— Today in Modern power System power quality
becomes an important issue in the field of power system. It
is important to have good quality of power in order to have
better performance of power system. But with increases in
use of power electronics devices nonlinearity in system
increases which affect quality of power. UPQC (Unified
Power Quality Conditioner) in one of the compensating
device which is used to improve power quality of system.
UPQC consist of series & Shunt APF. This paper presents
three phases UPQC for improvement of power quality at
distribution side. Performance is analyzed with simulation
by MATLAB/SIMULINK.
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. INTRODUCTION

In modern power system with the advancement in power
semiconducting devices their uses in system has increases
effectively. This power electronics equipment helps in
increasing efficiency of system. But because of their
nonlinear nature they adversely affect on quality power. So,
many-power quality problems- arises in system like voltage
sag, voltage swell, harmonics , fluctuations in current and
voltage etc. In order to improve performance and to
minimize losses- in. power system, it is necessary to
overcome these power quality problems so as to have good
quality of power at supply end as well as load end. Many
compensating devices are used to compensate these
problems. UPQC (Unified Power Quality Conditioner) is
one of them. This paper present three phases UPQC on three
phase four wire distribution system with unbalanced
nonlinear load. Synchronous reference frame & d-q
approach is used for controlling.
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Fig.1: Block Diagram of UPQC
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UPQC consist of Shunt and series active power filter
connected via dc link capacitor. Series active filter act as a
voltage controller to solve voltage related problems whereas
shunt active filter act as a current controller to solve current
related power quality issues like current unbalance, reactive
current, harmonics, and neutral current. So UPQC has

ability to solve both voltage and current related problems.
Fig a shows single line diagram of UPQC. It contains series
inverter & Shunt inverter. Both are coupled through dc link
capacitor. This dc link capacitor not only connect series and
shunt filter but also maintains constant self-support voltage
across it. Coupling inductor Lsh is used to couple shunt
filter with line. It also used for smoothing current wave
shape. Series transformer connects series inverter with
network. Series LC filter act as a low pass filter which
removes high frequency switching ripples.

The purpose of the series APF is to isolate
harmonics between load and supply; it has the capability of
voltage flicker/ imbalance compensation as well as voltage
regulation and harmonic compensation at the user PCC. The
shunt APF absorbs current harmonics, compensate for
reactive power and negative-sequence current, and regulate
the dc voltage between both APFs. The UPQC block
diagram in Matlab/Simulink simulation software is shown in
Fig.

Fig. 2: MATLAB Slmulink Model of UPQC

A. Control Algorithm to Generate Reference Voltage
Signal for Series APF

The Series APF is used to compensate voltage related power
quality problems. The series APF control algorithm
calculates the reference value to be inserted by the series
APF transformers. This reference value is compared with
the positive-sequence component with the load side line
voltages. The proposed series APF reference voltage signal
generation algorithm is shown in Fig. 3. In equation (1),
supply voltages in d-g-Ocoordinates is obtained from Vs. abc
(instantaneous supply Voltage).
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Voltage obtained in d-axis, vd consist of average as
well as oscillating component. Average component is
calculated by using second order low pass filter.

Reference voltage signal is obtained by equation (2)
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This reference signal of voltage is compared with
load voltage, error are processed by PWM controllers to
generate control signal

B. Control Algorithm to Generate Current Signal for Shunt
APF

The purpose to use shunt APF is to inject compensating
current so as to compensate for current related power quality
problem along with harmonics & reactive power. In this
paper p-q theory is used to generate signal for shunt APF. In
pq theory three phase instantaneous voltage and current are
converted into o-f coordinate system as per following
formulae;
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Instantaneous source zero sequence power po real power p&
reactive power q is given by equation (3)

ARHEA -

Instantaneous real & reactive power p&q consist of
average and oscillating component each. Average
component consist of positive sequence of current whereas
oscillating component contains negative sequence &
harmonic component of current. For reactive power &
harmonic current compensation reference current in o-f
coordinate system is given as

[10( *] 1 [va —vﬁ] p0+p+ ploss] 6)
R v,8 va 0 e
1
ia * V2 \/ io *
[ib *l = A= -2 > [la *l ..........
. 3|2 2
1C * 1 1
V2 2

This reference S|gnal is given to hysteresis band
PWM converter to generate control signal.

I1l.  SIMULATION RESULT

inductance

6 Three phase dc resistor 30 ohm
7 Single phase dc resistor 87.50hm
8 Single phase dc capacitor | 240 uF
9 . voltage 700v
10 De link Capacitor 2300uF
11 inductance 4mH
12 Shunt Shunt resistance 5 ohm
13 APF capacitance 10 pF
14 Switching frequency 15 kHz
15 inductance 1.5mH
16 Series Shunt resistance 20 ohm
17 APF capacitance 20 pF
18 Switching frequency 12kHz

Table 1: Simulation Parameter & their Values
In this study, control algorithm for the UPQC is
evaluated by

using
Matlab/Simulink under

simulation  results

non-ideal

given in
mains voltage and

unbalanced load current conditions. The simulated UPQC
system parameters are given in Table 1.
Fig shows the simulation result of voltage and

St Parameters Value
No.
1 Source Voltage 230V
2 Frequency 50Hz
3 Thrge phase ac line 3mH
inductance
4 Load Slng!e phase ac line 15mH
inductance
5 Three phase dc line 13mH

current before and compensation. Waveform before time of
0.2 sec shows voltage and current without UPQC and
waveform after 0.2 sec shows voltage & current after
UPQC. Also FFT analysis shows THD before compensation
was 10.41% & after compensation will be 6.24%.

414
|||||

Fig. 3: Simulation Result for Voltage Compensation
before& after UPQC

Fig. 4: Simulation Result for Voltage Compensation
before& after UPQC
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Fig. 6: FFT Analysis at for THD after Compensation

IV. CONCLUSION

For compensation of voltage & current by using UPQC
hysteresis controller is used. In this scheme the series APF
and the shunt APF of the UPQC are controlled with d-g and
instantaneous p-q theory respectively. The UPQC model
was' developed and simulated in MATLAB/SIMULINK
environment. It can be observed from the results voltage &
current gets improved after UPQC. Also THD after
compensation gets reduced.
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