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Abstract

Consumer utilities are non —linear in nature. This injects increased flow of current and reduced
voltage with distortions which cause adverse effect on the stability of consumer utilities. To overcome this
problem we are using a modern Flexible Alternating Current Transmission System controller i.e. distributed
power flow controller (DPFC). This controller is similar to UPFC, which can be installed in a transmission
line between the two electrical areas. In DPFC, instead of the common Dc link capacitor three single phase
converters are used. In this paper we are concentrating on system stability (oscillation damping). For
analyzing the stability of a single machine infinite bus system (SMIB) we have used Pl controlled
Distributed Power Flow Controller (DPFC) and Fuzzy controlled DPFC. All these models are simulated
using MATLAB/SIMULINK. Simulation results shows Fuzzy controlled DPFC are better than Pl controlled
DPFC. The significance of the results are better stability and constant power supply.
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1. Introduction

Power quality means the interaction of electrical power with the electrical equipment. If
the electrical equipment operates properly and reliably without being damaged or stressed, then
we will say that the electrical power is of good quality. On the other hand, if the electrical
equipment malfunctions or it is unreliable to operate or is damaged during normal usage, we
can suspect that the power quality is poor.

The first sign of a power-quality problem is distortion in the voltage waveform of
the power source from the reference wave i.e generally a sine wave, or in the amplitude from an
established reference level, or a complete interruption. The distortion or the disturbance can be
caused by the harmonics in the current or by events in the main voltage supply system.

The electrical power industry recognized the importance of power quality in power
system stability is from 1920s onwards [1-2].

2. Power System Stability

Itis the ability of an electric power system, for a given initial operating condition, to
regain a state of operating equilibrium after being subjected to a physical disturbance [3-4], with
most system variables bounded so that practically the entire system remains intact.
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2.1. Transient Stability

It corresponds to the stability attained after a large mismatch. Suppose somewhere a
fault occurs and suddenly a large part of load is bypassed. Then there is a large unbalance in
the system. Then also gradually the system attains the stability.

2.2. Dynamic Stability

Itis like transient stability but here help of an external device is taken to regain the
stability whereas in transient stability the stability was attained within the power system itself
without the help of any external device.

The usage of computer software simulation is gaining more popularity especially for the
power system. It is appreciated that most of the computer software simulation studies require a
Graphical User Interface (GUI) which makes the user interaction easier and more effective [5].

Simulink is particularly useful for studying the effects of nonlinearity on the behavior of
the system, and as such, is also an ideal research tool. [6]

While transferring power from generation to consumer utility majority of problems at
transmission line are Voltage and current variations. To overcome this sort of problems power
electronic devices such as FACTS controllers like unified power flow controller (UPFC),
STATCOM etc. are used. The present paper introduces a new device called Distributed power
flow controller (DPFC).It is a combined converter i.e. it consists of both series and shunt
converters. The shunt converter is similar to STATCOM, while the series converter implements
the series connected DSSC concept. In DPFC multiple single-phase converters are used
instead of one three-phase converter. Each converter involved in it is independent and has its
own DC capacitor to provide the DC voltage needed. These converters will maintain the
transmission line parameters such as bus voltage, line impedance and transmission angle
within the range of normal of the power system.

2.2.1. Consrtuction And Working of DPFC

The DPFC structure is different from the other FACTS controllers especially with UPFC
i.e the common DC link capacitor and 3rd order harmonic currents are used to exchange active
power [8].

The DPFC consists of series and parallel connected converters. The parallel converter’s
operation is similar to that of a STATCOM, while the series converters implement the D-FACTS
concept such as DVR. Each converter within the DPFC is independent and has a separate DC
link capacitor to provide the required and sufficient DC voltage. Figure 2 shows the structure of
a single machine system employed with DPFC technique. DPFC has the same control capability
as that of the UPFC device. A process or the technique which allows exchange of active power
between converters without having DC link is the prime requirement for DPFC [9]. Therefore, it
allows exchanging the active power through the AC terminals of the converters.
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2.3. Advantages Of DPFC

The Distributed Power Flow Controller has the following advantages in comparison with
UPFC, such as: It improves power quality. All power quality issues can be overcome by using
FACTS devices.

1) More control capability: The DPFC can control all parameters of transmission line
such as, transmission line impedance, load angle and transmission line voltage.

2) Higher efficiency: The series converters redundancy increases the DPFC reliability
during converters operation [10-11]. It means, if one of series converters fails, the other series
converters can continue to work.

3) Economical: Cost of DPFC is also less when compare to other FACTS devices which
are used for voltage drop mitigation.

2.3.1. DPFC Control Circuit
Based on the following diagram the Distributed Power flow Controller has three types of
controlling processes: [12] i.e., series controlling, Shunt controlling and central controlling.
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Figure 3. Control Diagram of DPFC

These three controllers are explained as follows:
a. Central Controller

The central controller is designed to control the three series controllers which are
following DVR operation and the static shunt controllers by generating and feeding
referral signals [13] (like series voltages and shunt currents) to the controllers in DPFC.
b. Series (voltage) Controller

The primary use need of this series controller is to maintain the voltage of capacitor and
to generate series referral voltages at the natural frequency. This controller requires
inputs from series capacitor. The line voltages and reference capacitor voltages are in
direct and quadrature axis frame [14]. Generally, this series controller has first order low
pass and third order band pass filters to create natural and 3rd order harmonic currents.
The basic control structure for series controller is shown in Figure 4.
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Figure 4. Basic structure of Series Controller

c. Shunt Current Controller
The basic control diagram of a shunt converter is shown in Figure 5. The Main purpose
of the shunt controller is to inject 3rd harmonic currents into the transmission line to
provide active power for the DVR (D-FACTS) converters [15]. The static converter is a
three phase converter which is connected back to back with single phase converter. In
this the three phase converter absorbs active power from supply grid and controls the
output voltage of capacitor between these converters.
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Figure 5. Basic Control Diagram of Shunt Controller

2.3.2. Fuzzy Logic Controller

Fuzzy set theory and fuzzy logic establish the rules of a non-linear mapping [16]. The
use of fuzzy sets provides a basis for a systematic way for the application of uncertain and
indefinite models. Fuzzy control is based on a logical system called fuzzy logic. It is much closer
in spirit to human thinking and natural language than classical logical systems [17-18].
Nowadays, fuzzy logic is used in almost all sectors of industry and science. Some of the main
aspects of fuzzy controller design are choosing the right inputs and outputs and designing each
of the four components of the fuzzy logic controller
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Figure 6. Active power exchange between DPFC converters

2.3.3. Block Diagram
In this paper, for a single machine infinite bus system dynamic stability analysis was
done with PI and fuzzy controlled DPFC. Observations are shown below [19]. The simulation

diagram was developed based on the basic diagram of DPFC, which is shown below in Figure
7.
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Figure 7. Structure of DPFC

2.3.4. Simulatin Diagrams
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Figure 8. SMIB system without DPFC
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2.3.5. Output waveforms
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Figure 9. Rotor speed of SMIB system without DPFC
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Figure 10. Rotor angle of SMIB system without DPFC
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Figure 11. Rotor speed of SMIB system with DPFC (PI controlled)
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Figure 12. Rotor angle of SMIB system with DPFC (PI controlled)
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Figure 13. Rotor speed of SMIB system with DPFC (Fuzzy controlled)
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Figure 14. Rotor angle of SMIB system with DPFC (Fuzzy controlled)

3. Conclusion

In this paper we implemented a new concept for controlling power quality problems by

using Distributed Power Flow Controller device. The proposed concept of the DPFC approach is
mathematically formulated and analyzed for dynamic stability of a single machine and infinite
bus system. The simulation results shows the effectiveness of DPFC in power system stability
enhancement. Here we have implemented Pl controlled DPFC and Fuzzy controlled DPFC to
SMIB system and compared dynamic stability. From the waveforms we can observe that Fuzzy
controlled DPFC is giving better dynamic stability than PI controlled DPFC.
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