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Abstract

Distributed-Power-Flow-Controller (DPFC) to compensate unbalanced 3-phase-currents in transmissions-
systems is made out of a Unified-Power-Flow- Controller is another gadget inside the group of FACTS. The DPFC has
similar control ability as the UPFC, yet with much lower cost and higher dependability. This task tends to one of the
uses of the DPFC in particular pay of uneven flows in transmission frameworks. Since the series-converters of the DPFC
are single stage, the DPFC can repay both dynamic and receptive, zero and negative grouping uneven flows. To
remunerate the unbalance, two extra current controllers are enhanced to control the zero and negative sequence-
currents separately. In this paper, open-loop DPFC system with disturbance and closed-loop DPFC systems with Pl and
Hysteresis controllers are modeled and simulated using MATLAB/SIMULINK.
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1. Introduction

Power has assumed an inexorably essential job in our everyday lives, with a sensational increment in utilization
just as the generation of power in the course of recent years. The electrical power framework serves to convey
electrical energy to buyers. An electrical power framework manages electrical-generation, transmission, dispersion
and utilization. The FACTS-technology is the application of power electronics in transmission systems [1].The static
Compensator (STATCOM) is a shunt-connected-gadget that is able to provide reactive-power support at a network-
location far away from the generators [2]. “-The-Unified-Power-Flow-Controller(UPFC) is comprised of a STATCOM &
a SSSC” [3], coupled via a common DC-link to allow “-bi-directional flow of active-power between the series-yeild-
terminals of the SSSC &the shunt-yield terminals of the STATCOM”[4]. Distributed FACTS (D-FACTS) [5] is another
approach to understand cost-effective power flow control. A new concept for power flow control is by distributed UPFC
[6]. The system, called distributed power flow controller (DPFC), consists of several low-power series converters and
one shunt large-power converter without common dc link. Also new is that the power exchange between the shunt
and series parts is through the existing transmission line at a harmonic frequency. This solution enables the DPFC to
fully control all power system parameters, and it reduces the cost and increases the reliability of device at the same
time. The PQ-issues like voltage varieties and flow varieties displayed in the electrical systems are because of the
buyer's utilities. To beat this issue, a conveyed power stream controller was introduced [6]. DPFC to enhance the power
nature of 33-bus-radial-framework was proposed [7]. Effect of DPFC to enhance PQ dependent on synchronous
reference outline technique was introduced [8]. The structure and execution of new DPFC to PQ is shown in [9]. This
DPFC strategy is same as the UPFC used to remunerate the voltage list and the current-ripple. In DPFC, it takes out the
normal dc-link-capacitor and rather than single three-phase-series-converter it has three individual single stage
converters. This DPFC can be able to work even with the series-converter failures [10] and shunt-converter failures
[11].The advancements in DPFC are introduced in [12]. This introduced framework uses conveyed power stream
controllers and adaptable power from basic networks. So as to disentangle the DPFC and concentrate its outer
attributes, the working standard and topology of the DPFC are broke down, and the third consonant current is taken
as the scaffold of energy trade on the series-parallel side. At that point the double circle decoupling control procedure
of the DPFC [13], just as its proportionate numerical model is built up, and subsequently understanding the free control
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of both dynamic and reactive power streams for the power transmission line. The DPFC Flow chart and configuration
are shown in Fig-1 and Fig-2 respectively.

Fig-1: Flow chart from UPFC to DPFC
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2. Operating principle of DPFC
A. Active power exchange with eliminated DC link

Inside the DPFC, the transmission line introduces a typical association between the AC ports of the shunt & the
series-converters. In this way, it is able to trade dynamic power through the AC ports. The technique depends on power
hypothesis of non-sinusoidal parts. As-indicated -by the ‘Fourier-analysis’, non-sinusoidal voltage & current can be
communicated as the entirety of sinusoidal-capacities in various-frequencies with various amplitudes. Since the
integrals of the entire cross result of terms with various frequencies are zero, the dynamic power can be communicated
by:

P = %72, Vil; cos §; (1)

‘

Where, ‘V; and |{ are the —voltage & current at the i" -harmonic-frequency respectively, and ®; is the ‘-
comparing angle between the voltage & current’. From equation (1), the dynamic forces at various frequencies are
free from one another and the voltage or current at one frequency has no effect on the dynamic power at different
frequencies. The autonomy of the dynamic power at various frequencies gives the likelihood that a converter without
a power source can create dynamic power at one recurrence and retain this power from different frequencies. By
applying this strategy to the DPFC, the shunt converter can retain dynamic power from the network at the essential
recurrence and infuse the power back at a symphonious recurrence. This symphonious dynamic power courses through
a transmission line outfitted with series-converters. As indicated by the measure of required dynamic power at the
crucial recurrence, the DPFC SC produce a voltage at the consonant recurrence, in this way engrossing the dynamic
power from symphonious segments. Ignoring misfortunes, the dynamic influence produced at the essential recurrence
is equivalent to the influence consumed at the consonant recurrence.

B. Using third harmonic components

Because of the interesting highlights of third consonant recurrence parts in a three-stage framework, the third
symphonious is chosen for dynamic power trade in the DPFC. In a three-stage framework, the third symphonious in
each stage is indistinguishable, which implies they are 'zero-arrangement' parts. Since the zero-grouping symphonious
can be normally obstructed by Y-Atransformers and these are generally consolidated in power frameworks (as a
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methods for evolving voltage), there is no additional channel required to counteract consonant spillage. As presented
over, a high-pass channel is required to make a closed-loop for the consonant current and the cutoff recurrence of this
channel is roughly the essential recurrence. Since the voltage confinement is high and the symphonious recurrence is
near the cutoff recurrence, the channel will be exorbitant. By utilizing the zero-arrangement symphonious, the
expensive channel can be supplanted by a link that interfaces the unbiased purpose of the Y-Atransformer on the right
side with the ground. -Since the-A-winding seems-open-circuit to the third-consonant-current, all symphonious-
current will course through the Y-A winding &concentrate to the establishing link. In this manner, the huge high-pass-
filter is dispensed with.

C. Advantages of DPFC:

The D-P-F-C can be considered as an UPFC that utilizes the D-FACTS idea and the idea of trading power through
consonant. In this way, the DPFC acquires every one of the benefits of the UPFC and the D-FACTS, which are as per the
following.

1) High control capacity
2) High-dependability
3) -Low-cost
4) —Low-Harmonic-distortion
3. Simulation Results
Circuit diagram of open loop DPFC system with disturbance is delineated in Fig-3.

Fig-3: Circuit diagram of open loop DPFC system with disturbance
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Voltage at bus-2 is delineated in Fig-4 and the value is 0.8*%10* V. Current at bus-2 is delineated in Fig-5 and the
value is 26 A. Real power at bus-2 is delineated in Fig-6 and the value is 3.4 *10°M W. Reactive power at bus-2 is
delineated in Fig-7 and the value is 1.3 *10°MVAR.
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Fig-4: Voltage at Bus-2
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Fig-5: Current at Bus-2
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Fig-6: Real power at Bus-2
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Fig-7: Reactive power at Bus-2
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Circuit diagram of closed loop DPFC system with Pl controller is delineated in Fig-8.
Fig-8: Circuit diagram of closed loop DPFC system with Pl controller
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Voltage at bus-2 is delineated in Fig-9 and the value is 1.2*10*V.Current at bus-2 is delineated in Fig-10 and the
value is 30 A.
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Fig-9: Voltage at Bus-2
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Fig-10: Current at Bus-2
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Current THD is delineated in Fig-11.

Fig-11: Current THD
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Real power is delineated in Fig-12 and the value is 5.2 *10 °MW.Reactive power is delineated in Fig-13 and the
value is 2 *10 °"MVAR.

Fig-12: Real power at Bus-2
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Fig-13: Reactive power at Bus-2
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Circuit diagram of closed loop-DPFC system with hysteresis controller is delineated in Fig-14. Voltage at bus-2
is delineated in Fig-15 and the value is 1.2*10%V.Current at bus-2 is delineated in Fig-16 and the value is 30 A.
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Fig-14: Circuit diagram of closed loop-DPFC system with hysteresis controller
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Fig-15: Voltage at Bus-2
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Fig-16: Current at Bus-2
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Current THD is delineated in Fig-17.Real power is delineated in Fig-18 and the value is 4.8 *10 *MW.Reactive
power is delineated in Fig-19 and the value is 1.8 *10 °MVAR.

Fig-17: Current THD
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Fig-18: Real power at Bus-2
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Fig-19: Reactive power at Bus-2
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Comparison of time domain parameters are given in table-1.By using hysteresis controller, the rise time is
diminished from 0.35 Sec to 0.33 Sec; Peak time is diminished from 0.41 Sec to 0.34 Sec; Settling time is diminished
from 0.51 Sec to 0.40 Sec; Steady state error is diminished from 2.3V to 1.4 V. Comparison of output THD is given in
Table-2. The output THD is diminished from 5.35% to 4.79% by using hysteresis controller.

Table-1: Comparision of Time Domain Parameters

Controllers Rise time (s) Peak time Setting time Steady
(s) (s) state error
Pl 0.35 0.41 0.51 2.3
Hysteresis 0.33 0.34 0.40 1.4

Table-2: Comparision of output THD

Controllers THD
Pl 5.35%
Hysteresis 4.79%

4. Conclusions and Future Scope

DPFC systems controlled by Pl and Hysteresis Controllers were designed, modeled and ‘simulated using
MATLAB Simulink’. The ‘simulation results of open loop and closed loop systems’ were presented. The proposed
reactive power loop was successfully employed to ‘maintain constant’ reactive-power. The response of Hysteresis
Controller controlled system was found to be superior to the ‘Pl controlled system’. This was due to reduction in the
peak time, the peak ‘overshoot and the steady state error’. The ‘advantages of DPFC’ are improved voltage and reactive
power profiles. The disadvantage of D-P-F-C is the requirement of about six inverters, six driver circuits and ‘injection
transformers’.
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