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ABSTRACT

This work deals with design, modelling and simulation of UPQC in Fourteen bus system to improve the
power quality in a multi bus system. The UPQC system is modelled using the elements of Simulink and it
is simulated using MATLAB. A sag is created by applying a heavy load at the receiving end. The sag is
compensated by using the UPQC. The harmonics required at the receiving end are supplied by the inverter
part of UPQC. The DC required by the UPQC is supplied by Solar cell and Boost converter system. The
simulation results of fourteen bus system are presented in time domain.
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1. INTRODUCTION

The modern power distribution system is
becoming highly vulnerable to the different power
quality problems {1-2}. The extensive use of non-
linear loads is further contributing to increased
current and voltage harmonics issues. Furthermore,
the penetration level of small / large-scale
renewable energy systems based on wind energy,
solar energy, fuel cell, etc., installed at distribution
as well as transmission levels is increasing
significantly.

Unified power quality control was widely
studied by many researchers as an eventual method
to improve power quality of electrical distribution
system  {1-3}. The function of unified power
quality conditioner is to compensate supply voltage
flicker / imbalance, reactive power, negative
sequence current and harmonics.

In other words, the UPQC has the
capability of improving power quality at the point
of installation on power distribution systems or
industrial power systems. Therefore, the UPQC is
expected to be one of the most powerful solutions
to large capacity loads sensitive to supply voltage
flicker / imbalance {2}. The UPQC consisting of
the combination of a series active power filter
(APF) and shunt APF can also compensate the
voltage interruption if it has some energy storage or
battery in the DC link {3}. The shunt APF is
usually connected across the loads to compensate
all current-related problems such as the reactive
power compensation power factor improvement,
current  harmonic  compensation, and load

unbalance compensation (3,4) whereas the series
APF is connected in a series with the line through
series transformers. It acts as controlled voltage
source and can compensate all voltage related
problems, such as voltage harmonics, voltage sag,
voltage swell, flicker, etc.

The proposed control technique has been
evaluated and tested under non-ideal mains voltage
and unbalanced load conditions using Matlab /
simulink software. The above mentioned literature
does not deal with modelling and simulation of
fourteen bus system with UPQC. This work
proposes UPQC to improve the power quality of
fourteen bus system. This work presents the
simulink model of UPQC based 14 bus system.

2. UPQC SYSTEM

Structure of grid connected PV system is
shown in figure 1. Configuration of UPQC with
PV array is shown in figure 2. UPQC has shunt
and series voltage source inverters which are 3-
phase 3-wire shunt inverters connected to point of
common coupling (PCC) by shunt transformer. The
series inverter stands between source and coupling
as current source and it operates as voltage source.

The equations for real and reactive power
through the line are as follows:

P:\%sin(él—éz) (1)
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Ve Cpntrolling strategy is dgsigneq and applied for
Q= 7(\/5 —VR) (2) two interconnected and islanding modes. In

These equations are given by neglecting
the resistance of the line.

UPQC is able to compensate current
harmonics, to compensate reactive power, voltage
distortions and control load flow but cannot
compensate voltage interruption because of non
availability of sources.

Common interconnected PV systems
structure shown in Fig 2 is composed of PV array,
DC/DC and DC/AC converters.

The design of the boost converter is done
by using the following equations.
V.
V,=—= (3)
1-s)

Inductance and capacitance are calculated
by using the following equations

V.o
=—i= (@)
fAl
C= i (5)
21R

In this case, UPQC finds the ability of
injecting power using PV to sensitive load during
source voltage interruption. Two operational modes
of UPQC care as follows:

2.1. Interconnected Mode. Where, PV transfers
power to load and source.

2.2. Islanding Mode. Where, the source voltage is
interrupted and PV provides a part of load
power separately.

2.3. Controller  Designing. The controlling
structure of proposed system is composed of
three following parts:

2.3.1. Shunt inverter control.
2.3.2. Series inverter control
2.3.3. DC/DC converter.

Capacitor voltage controlling loop is used
here by applying PI controller.

interconnected mode, source and PV provide the
load power together while in islanding mode, PV
transfers the power to the load lonely. By removing
voltage  interruption,  system  returns  to
interconnected mode.

2.4. Shunt Inverter Control:

In this study, shunt inverter undertakes
two main duties. First is compensating both current
harmonics generated by nonlinear load and reactive
power, second is injecting active power generated
by PV system.

The power loss caused by inverter
operation should be considered in this calculation.
Also, shunt inverter control undertakes the duty of
(stabilizing) DC link voltage during series inverter
operation to compensate voltage distortion.

3. SIMULATION RESULTS.

Design is done using the equations given in the
previous section.

L & C are designed by assuming Al = 0.4A,
=3kHz& R=1K Q.

L & C for boost converter worksout to be 7.5
mH & 12 pF;

Ton :0.25ms ; Topr : 0.08 ms.

Scopes are connected to measure receiving
end voltage, receiving end current, real power and
reactive power. The generator is represented as
series combination of R,L&E. Line is represented
by series impedance. The load at the receiving end
is series combination of resistance 200Q2 and
inductance of 100 mH. The parameters of the
additional load are 50Q and 50mH. DC required by
UPQC is applied from a photo cell. The output of
UPQC is injected using a series transformer.

The inverter of DVR used in the UPQC is
triggered at 50 Hz. All the switches are operated
with pulses of width 10ms. The pulses given to the
other two switches are displaced by 10ms. The
output of inverter is filtered by using LC filter. This
will reduce heating since harmonics are reduced.
The inverter switches of active filter are triggered at
250Hz.

14 bus system is modelled using the
elements of matlab simulink and the simulation
results are presented in this section. The line
impedances are shown as series combination of
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resistance and inductance. There are three
generator buses and five load buses. The load at
each bus is represented as series combination of
load resistance and inductance. The circuit of
Fourteen bus system without UPQC is shown in
Fig. 3(a). The load 2 is connected in parallel with
the load 1. The breaker is connected in series with
load 2. Additional load is applied by closing the
breaker at t=0.2 sec. The real and reactive powers
at bus 7 and bus 3 are shown in Figs. 3(b) and 3(c)
respectively. The real and reactive power increases
at t=0.2 sec, since the current drawn is increased.
The voltage across load 1 and load 2 is shown in
Fig. 3(d). At t=0.2 sec, the voltage across loads 1
and 2 decreases due to the addition of heavy load.

SOLAR CELL

BOOST CONVERTER
& INVERTER

The circuit of Fourteen bus system with
UPQC is shown in Fig. 4(a) and 4(b). The network
of 14 bus system is represented as a sub-system
here. The real and reactive powers at bus 7 and bus
1, 3 are shown in Figs.4(d), 4(e) and A4(f)
irrespectively. The load is applied at t=0.2 sec.
The DVR part of UPQC injects voltage at t=0.3 sec.
The real and reactive power at bus 1 decreases and
that of bus 3 increases due to the transfer of power
from bus 1 to bus 3. The voltage across load 1 and
2 are shown in Fig. 4(c). The voltage decreases at
t=0.2 sec. and resumes to its normal value at t=0.3
sec. This is due to voltage injected by the UPQC.
The summary of real and reactive powers at various
buses are shown in Table 1.
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Figure 2. Configuration Of UPQC With PV Array
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Fig. 3(d). Voltage Across Load-1 And Load-2
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Fig. 4(a). Block Diagram Of 14 Bus System With UPQC
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Fig. 4(b). Circuit Model Of 14 Bus System

Fig. 4(c). Voltage Across Load-1 And Load-2
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Fig. 4(d). Real And Reactive Power Across Bus-7

Fig. 4(e). Real And Reactive Power Across Bus-1

Fig. 4(f). Real And Reactive Power Across Bus-3
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Table 1 : Summary Of P & Q.

REAL POWER REAL POWER RE'S\C/:VTEI\R/E REACTIVE
BUS NO WITHOUT UPQC WITH UPQC WITHOUT POWER WITH
(MW) (MW) UPQC (MVAR) UPQC (MVAR)
BUS-7 0.0013 0.0117 0.0032 0.0096
BUS-1 0.277 0.275 0.304 0.352
BUS-3 0.42 0.575 1.32 1.801
BUS-11 3.20 3.21 3.35 3.36
4. CONCLUSION. [4] H.Akagi, E.H.Watanabe and M.Aredes,

The Fourteen bus system with UPQC is
successfully designed and modelled using the
circuit elements of simulink. The sag in the voltage
is created by applying an additional heavy load at
the receiving end. This sag is compensated by using
DVR part of UPQC. The THD in the output is
reduced by using UPQC. The simulation results are
in line with the predictions.

The scope of this work is the modelling
and simulation of Fourteen bus system. Simulation
of thirty bus system is yet to be done. Closed loop
system may be simulated by using neural network
or hysteresis control.
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