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ABSTRACT

In last few decades the demand of electricity grownup drastically. Due to higher demand and aging of networks it is
indispensable to control the power flow in transmission systems. The flexible AC Transmission system (FACTS) pro-
vides effective control over one or more transmission system parameters to enhance controllability and increase
power transfer capability. UPFC is one of the most powerful FACTS devices which can simultaneously control all
the parameters of the system i.e., the line impedance, transmission angle and bus voltage. This paper presents a
device called Distributed Power Flow Controller (DPFC) which is derived from the UPFC by eliminating common
DC link. It is most recent and one of the ultimate device within the FACTS family. The DPFC has control capacities
of all the parameters of the transmission network. With DPFC the active power exchange between the shunt and
series converter is done through the transmission line by the 3rd harmonic current. It is designed with multiple sin-
gle phase series converters (D-FACTS) and one three phase shunt converter. The DPFC has more control capability
at much reduced cost and improves reliability.

This work presents modelling of a damping controller based on ‘Generalized Theory of the Instantaneous Active
and Reactive Power’ proposed by Akagi commonly known as P-Q theory, the simulation results demonstrate pa-
rameters like, compensating current flowing through controllers, and active power flow.
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INTRODUCTION

The demand of electricity is growing tremendously but the extension of transmission system and generation is re-
stricted due to various environmental constraints and limited availability of resources. The FACTS devices enhance
controllability and optimize the utilization of existing power system capabilities using high speed and reliable power
electronic devices. A distributed FACTS (D-FACTS) device has been recently introduced in the FACTS family and
gaining significant importance because of several advantages over conventional FACTS devices. The D-FACTS
devices parade much lower cost and higher reliability. A Distributed Power Flow Controller (DPFC) has been de-
rived from UPFC and has similar capabilities of simultaneously adjusting all the parameters of the existing system
such as impedance of line, transmission angle and degree of bus voltage [1]. The major advantage of DPFC is the
abolition of common DC link between shunt and series converters, and utilizes transmission line to exchange active
power between these converters at 3rd harmonic frequencies, instead of one large 3 phase converter, it employs sev-
eral single phase converters as series compensator, and thus the rating of apparatuses reduces and also provides a
high reliability [2].

ADVANTAGES OF DPFC OVER CONVENTIONAL FACTS DEVICES

Higher Control Capability

DPFC corrects the line impedance, the power transmission angle, and the bus voltage i.e. all the parameters of the
electric power system. There is separate connection of the DPFC converters due to removal of the common DC link.
The series and the shunt converters are placed at the most effective location. DPFC can be used to enhance the sys-
tem stability and to improve the power quality.
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High Reliability

Improved reliability is given by redundancy of the series converter. The series and the shunt converters are inde-
pendent of each other and the damage at one place will not affect the other converters. The converter will be short
circuited by bypass protection, when a failure arises in the series converter. If the shunt converter fails to operate
then series converter will stop providing active compensation and will acts as the D-FACTS controller.

Lower Cost
In the series converter there is no any requirement of the phase to phase isolation. And each converter has a low
power rating and can be simply produced in series production lines.

DISTRIBUTED POWER FLOW CONTROLLER (DPFC)

The purpose of this work is to damp out the oscillations using the distributed power flow controller (DPFC) with
proposed current injection model in a power system. DPFC eliminates the common dc link between the shunt and
the series converters. It also employs multiple single-phase converters (distributed—FACTS) as the series compensa-
tor [3]. The proposed model is tuned to damp power system oscillations with minimum disturbance. Non-linear time
domain simulation studies have been carried out for the validation of the purpose of the distributed power flow con-
troller using MATLAB.

The transformation from UPFC to DPFC is as shown in fig.1
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Fig.1 Flow chart from UPFC to DPFC
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Fig. 2 Basic Module of DPFC

Basic Module of DPFC

The DPFC consists of a several series connected converters and the one shunt converter. The series converter shows
the D-FACTS concept while the shunt converter is similar as a STATCOM. Each converter has a separate DC link
capacitor to provide the required DC supply. Every converter in the DPFC is independent from each other. Fig. 2
shows the structure of the DPFC that is used in a transformation system with two lines in parallel [6].

Operating Principle of DPFC

In the distributed power flow controller (DPFC), the transmission line introduces a common connection between the
AC ports of the series and the shunt converters [5]. However, it is possible to exchange the active power through the
AC ports. This method is based on the power theory of the non-sinusoidal components. According to the Fourier
analysis, non-sinusoidal current and voltage can be showed as the sum of the sinusoidal function in different fre-
quencies having the different magnitudes. The non-sinusoidal current and voltage results from the active power and
is defined as the mean value of the product of current and voltage. Because the integrals of all the cross product of
terms with different frequencies are zero, the active power can be shown as:

P = ZViliCOSﬂi

Whereas V; and I; are the voltage and the current at the i"" harmonic frequency respectively and gi is the correspond-
ing angle between the voltage and the current the active power at different frequencies are independent from each
other and the voltage or current at one frequency has no any effect on active power at other frequencies. The shunt
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converter can absorb the active power from the grid at the fundamental frequency and apply the power back at a
harmonic frequency. The DPFC series converters generate a voltage at the harmonic frequency, thereby absorbing
the active power from the harmonic components. Losses are neglected and generated active power at the fundamen-
tal frequency is equal to the power absorbed at the harmonic frequency. Figure 3 shows, how the active power is
exchanged between the series and the shunt converter using third harmonic components. Due to the exclusive fea-
tures of 3rd harmonic frequency components in a three-phase system, the 3rd harmonic is selected for active power
exchange in the DPFC [5].
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Fig. 3 DPFC Control Block
CONTROLLING AND MODELLING OF DPFC

To control multiple converters, a DPFC consists of three types of controllers: central control, shunt control and se-
ries control. The shunt and series control are localized controllers and are accountable for maintaining their own
converters' parameters. The central control takes care of the DPFC functions at the power system level [6].

In this paper, attention is focussed in DPFC controller. DPFC is an ultimate device within the FACTS family, which
provides much lower cost and higher reliability. It is basically derived from the UPFC and has the same capability of
simultaneously adjusting all the parameters of the system such as line impedance, transmission angle and the bus
voltage magnitude [7]. The DPFC eliminates the common DC link between the series and the shunt converters, in-
stead of one large three-phase converter. DPFC employs multiple single-phase converters as the series converter.
This reduces the rating of the components and provides high reliability because of the redundancy. This instantane-
ously controls the reactive and the active power flow and the voltage magnitude, it results in power oscillation
damping.

The module of the D-FACTS results is low cost and the higher reliability because the D-FACTS units are single
phase devices floating on lines and high voltage isolations between the phases are neglected. There is no any re-
quirement of the supporting phase ground isolation. The voltage and power rating of each unit is relatively small,
therefore it gives the much higher reliability than any other FACTS device.
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Fig. 4 Block diagram of the series converter control

101



Shrivastava et al Euro. J. Adv. Engg. Tech., 2018, 5(2): 99-105

3" frequency control loop

J Vihid (= |
from central |Ish.3.ref | current smgle- |
controller | COI'IU'OI Vb, j,;‘,'_ phaSE |V.dr.rg_af,' 3
I inverse PWM
from | Vg g! ﬂj‘ >
:m’rw.rn'wuw:fl PLL |> ’ dq aen. K
I frequency control loop fo
I;J_J = EC- _: ----------- converter
§ shrefl, Vs
| dc.sh b shrefl.d J— .\Jr,.l‘,u‘.
control | ;.. , .
| from central heflq control M‘-_ 1nverse
| controller p dq | Vil ref 1
; o Vi
| from local Vs » PLL 1 |
| meastirement
_________________ d

Fig. 5 Block diagram of the shunt converter control
SIMULATIONS AND RESULTS

Simulink setup of a two area system has been built to verify the principle and control of the DPFC. One shunt con-
verter and three single phase series converters are built and tested in a scaled network. Within the setup, multiple
series converters are controlled by a central controller. There are basically three control schemes 1. Series control 2.
Shunt control 3. Central control. The central controller gives the reference voltage signals for all series converters.
The voltages and currents within the setup are measured fundamental and 3™ Harmonic frequency components in
MATLAB.

The model is simulated for 0.5 second, at t = 0.01 second a three phase fault is created which cleared at t = 0.15 sec-
ond. Three phase waveforms of figure 6 shows voltage sag at load bus during the fault without DPFC, similarly
waveforms of figure 8 shows the variation in current at load bus for the same duration in above model. Figure 7
shows the variation in voltage when DPFC is applied in above model and all other parameters remain constant, simi-
larly figure 9 shows the variation in current at load bus. Shunt converter injects the power through third harmonic
component during fault period. Now the line current has fundamental and harmonics contents, it is necessary to re-
move third harmonics component. The output of shunt converter is now fed to series converter which removes the
third harmonics component of line current and gives the desired output. Figure 10 and 11shows the active and reac-
tive power flow without and with DPFC.
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Fig.6 Three-phase load voltage sag waveform
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Fig.10 Active and Reactive Power without DPFC
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Fig.11 Active and Reactive Power with DPFC

CONCLUSION

Comparative performance of DPFC is better than the UPFC, which is the simultaneous adjustment of the line im-
pedance, the transmission angle, and the bus-voltage magnitude. The common dc link between the shunt and series
converters, which is used for exchanging active power in the UPFC, is eliminated. This power is now transmitted
through the transmission line at the third-harmonic frequency. The total cost of the DPFC is also much lower than
the UPFC, because no high- voltage isolation is required at the series converter part and the rating of the compo-
nents is low. The simulation results, obtained by MATLAB show the efficiency of DPFC, in controlling line both
active and reactive power flow. It is proved that the shunt and series converters in the DPFC can exchange active
power at the third- harmonic frequency and the series converters are able to inject controllable active and reactive
power at the fundamental frequency and hence enhance the reliability of the transmission line.
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