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Abstract - This paper presents an overview of new
control scheme for the improvement of a system by
Distributed Power Flow Controller based stabilizer from
distributed flexible actransmission system (D-FACTS)
family. The DPFC is derived from the UPFC by
eliminating common DC link and inherits the same
control capability of the UPFC. DPFC independently
controls the active and reactive power flow in
transmission line by adjusting the line impedance, the
bus-voltage magnitude and the transmission angle. On
basis of control objects, the DPFC control can be
distinguished as the control at device level and at system
level. The aim is to maintain the capacitor DC voltage of
each converter. It also ensures that the DPFC generates
the series voltages and shunt reactive current at the
fundamental frequency required to the system operator

Index Terms—Power Flow Controller, power flow,
transmission system, big data, soft computing,
mathematics, mathematical modelling, artificial
intelligence, energy consumption, voltage source
converter

I INTRODUCTION

The expansion of the industrial sector, coupled with
the rise in energy consumption and the need to
maintain  dynamic stability, while ensuring
acceptable voltage levels, has resulted in power
transmission constraints in the power system [1,2].
To increase the transfer capacity of modern power
systems, transmission lines must be built, leading to
higher operating costs for these energy systems.
Compensators are used to improve the status of
existing lines and supply the network with the
necessary load [3,4]. High-voltage flexible AC
transmission systems are essential for maintaining
appropriate voltage levels and quality. Without
proper evaluation and accumulation of Flexible AC
Transmission Systems (FACTS), the complex
power system may be unable to regulate voltage or
adjust the level of electrical power injected into or
absorbed by the power system. The utilization of
FACTS leads to an overall improvement in grid
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capacity and performance [5]. Moreover, FACTS
devices play a critical role in enhancing the
efficiency and reliability of large-scale energy
systems. They provide a greater degree of control
over electrical energy, enabling the damping of
power oscillations. As a result, these devices are
instrumental in achieving the flexibility of the power
system [6]. A considerable amount of research has
been conducted in the field of FACTS devices [7],
and they are now a crucial part of interconnected
large-scale electrical networks [8]. FACTS devices
are classified into three main categories, as
illustrated in Fig. 1 [9]. The first category comprises
mechanical switches such as thyristor-controlled
series compensator (TCSC) [10]. The second
category includes hybrid devices such as static
synchronous compensator (STATCOM) [11], and
the third category includes voltage source converters
such as interline power flow controller (IPFC) [12].
By utilizing these FACTS devices, power system
operators can efficiently manage power flow and
maintain a reliable, stable, and flexible power

system.
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Fig. Classification of FACTS devices

To address the need for reactive power
compensation on high-voltage transmission grids,
an electrical device called a Unified Power Flow
Controller (UPFC) is utilized [13]. What makes
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UPFCs unique is their reliance on the protection and
control power system, setting them apart from
traditional AC transmission technology [14].
Additionally, they are highly adaptable to
accommodate the specific requirements of various
functionalities, further enhancing their usefulness.
In the power system, UPFCs serve different
purposes in improving grid behaviour, such as
security enhancement [15], backup protection [16]
and oscillation damping [17]. Due to their numerous
advantageous characteristics, UPFCs have been
extensively researched for their application in the
power system [18,19]. As a member of the FACTS
family, UPFCs are connected using a combination
of shunt and series connections, making them more
flexible in their usage. The aim of this research is to
provide a comprehensive review of the various
applications of UPFCs in the modern power system.
The categorized information presented in Table |
summarizes the operating fundamentals of the
FACTS device family, including the various
possible main control approaches and the local
signals utilized for supplementary damping control
[20,21]. This concise summary of published
research on UPFCs serves as a valuable resource for
practitioners and researchers in the field. In
conclusion, UPFCs have become an essential
component in  addressing  reactive  power
compensation in high-voltage transmission grids.
Their unique characteristics and adaptability to
specific functionalities have made them valuable
assets in improving grid behaviour.

1. FACTS CONTROLLERS FACTS

Controllers are used for the dynamic control of
voltage, impedance and phase angle of high voltage
AC transmission lines. FACTS controllers can be
divided into four categories:

1. Series controllers.

2. Shunt controllers.

3. Combined series-series controllers.

4. Combined series-shunt controllers.

2.1 SERIES CONTROLLERS

Series controllers inject voltage in series with the
line. As long as the voltage is in phase quadrature
with the line current, the series controller only
supplies or consumes variable reactive power. Any
other phase relationship will involve handling of real
power as well[22].

N

Line

Fig.2.1 Static Synchronous Series Compensator
(SSSC) is one such series controller.

2.2 SHUNT CONTROLLERS

All shunt controllers inject current into the system at
the point of connection. As long as the injected
current is in phase quadrature with the line voltage,
the shunt controller only supplies or consumes
variable reactive power. Any other phase
relationship will involve handling of real power as
well[23].
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Fig. 2.2 Static Synchronous Compensator
(STATCOM) is one such controller

2.3 COMBINED
CONTROLLERS
This could be a series combination of separate series
controllers, which are controlled in a coordinated
manner, in a multilane transmission system. Or it
could be a unified controller, in which series
controllers provide independent series reactive
compensation for each line but also transfer real

power among the lines via the power link[24].
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Fig. 2.3 Interline Power Flow Controller comes in
this category.
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2.4 COMBINED
CONTROLLERS

This could be a combination of separate shunt and
series controllers, which are controlled in a
coordinated manner, or a unified power flow
controller with series and shunt elements. In
principle, combined shunt and series controllers
inject current into the system with shunt part of the
controller voltage in series in the line with the series
part of the controller. However, when the shunt and
series controllers are unified, there can be a real
power exchange between the series and shunt
controllers via the power link[25].
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Fig 2.4 Interline Power Flow Controller comes in
this category.

I1. STEADY STATE ANALYSIS

The steady-state behaviour and the control
capability of the DPFC are analysed and expressed
in the parameters of both the network and DPFC
itself. For simplification, the converters are replaced
by controllable voltage sources in series with
impedance. Each converter generates voltages at
two different frequencies; so they are represented by
two series connected controllable voltage sources,
one at the fundamental frequency and the other at the
3rd harmonic frequency. Assuming the converters
and the transmission line have no loss, the total
active power generated by the two voltage sources
will be zero. The multiple series converters are
simplified as one large converter with a voltage that
is equal to the voltages of all series converters.
Assuming the converters and the transmission line
have no loss, the total active power generated by the
two voltage sources will be zero. The multiple series
converters are simplified as one large converter with
a voltage that is equal to the voltages of all series
converters. This representation consists of both the

fundamental frequency and 3rdharmonic frequency
components. For an easier analysis, based on the
superposition theorem, the circuit can be further
simplified by splitting it into two circuits at different
frequencies. The two circuits are isolated from each
other, and the link between these circuits is the
active power balance of each converter, as shown in
Fig .The power flow control capability of the DPFC
can be illustrated by the active power Pr and reactive
power Qr at the receiving end[26]

(Ve o -.n.-{l'J

Vr(Vs —Vr —Vse, 1)
JX1
Where the phasor values are used for voltages and
currents, * means the conjugate of a complex
number and X1 = oL is the line impedance at the
fundamental frequency. The power flow (Pr,Qr)
consists of two parts: the power flow without DPFC
compensation (Pr0,Qr0) and the part that is varied
by the DPFC (Pr,c,Qr,c). The power flow without

DPFC compensation (Pr0, Qr0) is given by (fig 6e)

Pr0 + Qr0 = VI += [W] *

Accordingly, by substituting (3) into (2), the DPFC

control range on the power flow can be expressed as:
Vse

Pr,c+Qr,c =VI*= (1)(_1) * . )

As the voltage at the receiving end and the line
impedance are fixed, the power flow control range
of the DPFC is proportional to the maximum voltage
of the series converter. Because the voltage
V#*se,lcan be rotated 360, the control range of the
DPFC is a circle in the complex PQplane, whose
centre is the uncompensated power flow (Pr0,Qr0)
and whose radius is equal to |Vr||Vse,1|/X1. By
assuming that the voltage magnitude at the sending
and receiving ends are both V, the control capability
of the DPFC is given by the following formula,

(Pr = Proy2 + (Qr— Qr0)* = (HE=2) 3
In the complex PQ-plane, the locus of the power
flow without the DPFC compensation f(Pr0,Qr0) is
a circle with radius [V| 2 / X1 around its center
(defined by coordinates P =0and Q = [V| 2/ X1.
Each point of this circle gives Pr0 and Qr0 values of
the uncompensated system at the corresponding
transmission angle 0. The boundary of the attainable

Pr+Qr=VI=
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control range for Pr and Qr is obtained from a
complete rotation of the voltage Vse, 1 with its
maximum magnitude. Figure shows the power flow
control range of the DPFC with the transmission
angle 0

V. SOLUTION METHODOLOGY

To simulate the effect of the DPFC on distributed
system is processed using MATLAB, one shunt
converter and two single phase series converters are
built and tested. The test data specifications of the
DPFC in MATLAB are listed below.

TABLE 1
Parameters Value
Sending end voltage (Vs) 200V
Receiving end voltage (Ve) 200V
Series converter voltage (Vse) 120V
Shunt coaverter voltage (Vsh) 120V
Line resistance (r) 0.3864 (Vkm
Line inductance (L) 4.1264 mH/km
Source resistance (rs) 0.8929
Source inductance (Ls) 16.58 mH
Series capacitor (Cse) | uF
Shunt capacstor (Csh) | yF

V. RESULT

Fig 1. DPFC operations in steady-state: line current

FIG 2. DPFC operations in steady-state: series
converter voltage

& iy

Fig 3.DPFC operation in steady-state: bus voltage
and current at the A side of the transformer

F-ig 4. .St_ep responéé of the DPFC: line current

Fig 5. Step response of the DPFC: active and
reactive power injected by the series converter at
the fundamental frequency

Fig 6. Step response of the DPFC: bus voltage and
current at the A side of the transformer

Under steady-state conditions the series converter is
controlled to inject a fundamental voltage of 2V.
The line current, voltage injected by the series
converter and the voltage and current at the A-side
of the transformer are shown in Fig. 1 to 3. The
constant third harmonic current injected by the shunt
converter evenly disperses to the three phases and is
superimposed on the fundamental current as shown
in Fig. 8. It is observed from Fig. 9.that the voltage
injected by series converter is a pulse width
modulated (PWM) waveform containing two
frequency components. The amplitude of the
waveform represents the dc-capacitor voltage at the
line side of the transformer. The step response
results are shown in Fig. 4.to 6. . A step change of
the fundamental reference voltage of the series
converter is made as shown in Fig. 3. It consists of
both active and reactive variations. The dc voltage
of the series converter is stabilized before and after
the step change. The line current through the line is
shown in Fig. 6. It is observed that the change in the
voltage injected by the series converter changes the
current flowing through the line. The active and
reactive powers injected or absorbed by the series
converter are shown in Figure[27].
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CONCLUSION

In the simulation study, Matlab Simulink
environment is used to simulate the model of UPFC
connected to a 3 phase system. The modelling of
UPFC and analysis of power systems embedded
with UPFC has been presented, which is capable of
solving large power networks very reliably with the
UPFC. The investigations related to the variation of
control parameters and performance of the UPFC on
power quality results are carried out. In 22 kv study,
the MATLAB environment using phasor model of
UPFC connected to a three phase-three wire
transmission system. This paper presents control and
performance of UPFC intended for installation on a
transmission line. Simulation results show the
effectiveness of UPFC in controlling real and
reactive power through the line.

FUTURE SCOPE

The UPFC model can be reduce the harmonics and
ability to control real and reactive powers. The
heating in the transformers is reducing by using
multilevel response. This is due to the reduction in
the harmonics. So That the simulation results are in
line with the predictions .They are used for power
quality too.
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