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1. Introduction

To necessitate the growing

Abstract

In this paper, an attempt is made to present the controllers
used for a power flow controller, termed as Distributed Power
Flow Controller (DPFC). This comes under the category of
Flexible AC Transmission Systems (FACTS) devices. DPFC
emerges from the unified power flow-controller (UPFC), a
most powerful FACTS device which can be used for both
shunt and series control. So DPFC inherits the same control
capability of simultaneous adjustment of line impedance,
transmission angle and the bus voltage magnitude, which are
the dynamic control parameters. The DPFC control and the
functions of the different components for shunt and series
controllers of DPFC are presented. These components can be
obtained from Simulink Library of MATLAB environment
and simulation model is obtained in this paper to check the
dynamic response of DPFC.

demand of electric power it is desirable to control the power

flow in a power-transmission system in a fast and reliable manner. Power flow is controlled by

devices that attempts to vary the dynamic parameters of a system, such as voltage magnitude,

line impedance and transmission angle. Any variation in voltage, current, or frequency which

may lead to an equipment failure or malfunction is potentially a Power Quality problem [1]. The

flexible ac-transmission system (FACTS), utilized for power-flow control, is defined by IEEE

as “a power-electronic based system and other static equipment that provide control of one or

more ac-transmission parameters to enhance controllability and increase power-transfer
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capability” [2]. Any new power flow control device must have both acceptable cost to electric
utilities and reliability for power system. The unified power flow controller was proposed for
real-time control and dynamic compensation of ac transmission systems, providing the necessary
functional flexibility required to solve many of the problems facing the utility industry
[3].Currently, the unified power-flow controller (UPFC), is the most powerful FACTS device,
which can simultaneously control all the parameters of the system: the line impedance, the
transmission angle, and bus voltage [3].In a unified power flow controller, a combination of
separate shunt and series converters are controlled in a coordinated manner. In the combination,
current is injected into the system with the shunt controller and voltage in series in the line with
the series controller. By combining these two approaches, the new FACTS device-distributed
power flow controller (DPFC) is achieved [4]. The distributed power flow controller emerges
from UPFC with eliminated common dc-link interconnection to enable the independent
operation of the series and shunt controllers. Series-shunt devices such as UPFC can be used for
accomplishing both functions with maximum flexibility and higher cost [5]. DPFC can
simultaneously adjust the voltage magnitude, line impedance and the transmission angle, thereby
independently controlling the active and reactive power flow through lines.

2. DPFC Configuration

The DPFC consists of several series-connected converters to inject a voltage, with
controllable magnitude and phase angle in series with the transmission line and one shunt
converter to supply or absorb the active power demanded by the series converter. Possibly the
most significant issue in terms of grid utilization is that of active power flow control [6]. The
shunt and series converters within the DPFC are independent and has their own individual dc

capacitors to provide the required dc voltage represented by DPFC configuration in Figure 1.
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Figure 1. DPFC Configuration

The shunt converter is similar as a static compensator STATCOM, while the series
converter employs the D-FACTS concept, which is to use multiple single-phase converters
instead of one large rated converter [4]. The D-FACTS is a distributed solution to power flow
control of series converters. D-FACTS sustain the operation of the system even during
contingency conditions, improving the reliability of the overall network [6]. Each converter
generates the voltage at two different frequencies at the same time, one at the fundamental
frequency and the other at the third-harmonic frequency. The link between the fundamental

frequency and third-harmonic frequency circuits is the active power balance of each converter.

3. Block diagram representation of different Controller Components of DPFC

DPFC consists of three types of controllers termed as central control, series control and
shunt control to provide control for multiple converters. The central control generates the
voltage-reference signals for the series converters and reactive current signal for the shunt
converter of the DPFC according to the system requirement. These generated reference signals
are at the fundamental frequency. The terms iy, ,..r and Vs, . are the reference signals given
by the central control to the shunt control and series controllers respectively at the fundamental
frequency. The series controller maintains the capacitor dc voltage of its own converter by using
the third-harmonic frequency components and generates series voltage at the fundamental
frequency that is referenced by the central control. Shunt control injects a constant third harmonic
current into the line to provide active power for the series converters. The shunt and series
controllers maintain their individual converter parameters. To analyze the operation of DPFC,

Simulink models can be built in MATLAB environment according to the simplified
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representations for DPFC control, shunt and series converter control block diagrams are shown
in Figures 2 and 3.

The entire DPFC model along with shunt and series control is placed between two buses
supplied from two grids. The control of power flow through the transmission lines by DPFC is
obtained by varying the voltage injected by the series converter at the fundamental frequency.
The dc voltage of the series converter is stabilized before and after the step change. The measured
series converter voltage and current through the line, from which if the series converter can inject
or absorb active and reactive power The series converters are able to absorb and inject both active
and reactive power to the grid at the fundamental frequency. A low pass digital filter is used to
filter the harmonic distortions contained in voltage and current at the fundamental frequency. A
delay is caused in the measured active and reactive power. Park’s transformation is used for abc
to dgO conversion. Figures 2 and 3 depict the interconnection between the various components

used in series and shunt controllers of DPFC.
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4. Conclusion

The principle of DPFC can be verified by simulation of step response of DPFC. The
power transmission through the line is at the third-harmonic frequency. The shunt and series
converters exchange active power at the third-harmonic frequency. The block diagrams of the
various components used in DPFC shunt and series controllers are represented. Each series
converter with its own series control, absorbs and injects controllable active and reactive power
to the grid at the fundamental frequency. The shunt converter control injects a constant third-
harmonic current into the line to provide active power for the series converters. DPFC has high
control capability and separated installation of the shunt and series controllers provides an

improved reliability.
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