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Abstract

In this paper, the four-leg voltage source converter (VSC) with capacitor in its parallel, was functioned as a
distribution static compensator (DSTATCOM). In three-phase four-wire distribution system, DSTATCOM was
proposed for obtaining load balancing, harmonic current reduction and voltage regulation. The proposed technology
was based on synchronous reference frame (SRF Theory). This theory was used for generating a reference current or
gate pulse for VSC of DSTATCOM. Performance analysis of DSTATCOM under linear non linear loads was
carried out and the Simulink results were shown. The analysis was carried out in MATLAB environment using
Simulink and SimPowerSystem toolbox. The proposed SRF based DSTATCOM model was seen to be very
effective to enhance the power quality of a three phase four wire distribution system.

Keywords: capacitor supported DSTATCOM, four-leg voltage source converter, Hysteresis controller, Pl
controller, power quality, synchronous reference frame theory..

Introduction

The term power quality means maintaining a near There are various topologies such as a three single-
sinusoidal power distribution bus voltage at rated phase Voltage Source Converter (VSC), three-leg
magnitude and frequency. The common power VSC with Zig-zag transformer, three-leg VSC with
quality problems in three-phase four-wire distribution spilt capacitor, four-leg VSC [8-10]. After searching
system are load unbalance, low power factor, the topologies of DSTATCOM proposed for neutral
increase in neutral current, harmonic distortion, current compensation in three- phase four-wire
voltage imbalance, etc.[1-6] distribution system, three-leg VSC with capacitor in

parallel was selected.
Some of the FACTS devices are Static Voltage

Controller (SVC), Static Compensator (STATCOM), The three-leg VSC with parallel connected capacitor
Distribution Static Compensator (DSTATCOM), is used as a DSTATCOM for neutral current
Dynamic Voltage (DVR) and Unified Power Quality compensation and improving the performance of the
Conditioner (UPQC). These devices are custom system. The different control techniques available for
power devices used for maintaining and improving generating reference control signals for VSC of
quality of power. DSTATCOM  are: power balance theory,
synchronous reference frame theory (SRF theory),
The DSTATCOM is shunt connected, custom power instantaneous reference frame theory (p-q theory)
device, for compensating the power quality problems [11-13]
in current. Similarly the other custom power device
i.e. DVR which is series connected device, is used for In this paper, the control approach is based on SRF
compensating the power quality problems in supply theory which is used for generation of control signal
voltage. The UPQC, the combination of both for VSC of DSTATCOM in three-phase four-wire
DSTATCOM and DVR, is also used to provide distribution system. The advantages of DSTATCOM
solution for power quality problem in both voltage are-
and current [5]. (@) Perform  under  non-sinusoidal  supply
condition.

(b) Load balancing
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(c) Neutral current compensation

(d) Indirect current compensation.

(e) Capacitor  supported
DSTATCOM

operation  of

Principle of dstatcom

Fig 1(a) shows the single line diagram of
DSTATCOM system, which represents complete
distribution system. The two-leg VSC with capacitor
is connected to load through line inductor (Ls) and
resistor (Rs), where the capacitor C; and resistor Rt
represents the ripple filter capacitance and resistance
respectively is used for high frequency filtering
purpose of voltages at PCC. The DSTATCOM s
connected at the end bus of the distribution line
[5].The phasor diagram of the DSTATCOM system
for unity power factor operation (UPF) and Zero
voltage Regulation operation (ZVR) are Shown
below in fig. 1(b) and fig. 1(c) respectively.

In UPF operation, the reactive current (I¢) injected by
the DSTATCOM cancels the reactive component of
the load current so that source current is reduced to
real current component (Is) only. These currents are
adjusted dynamically to maintain unity power factor.
In ZVR mode, the DSTATCOM injects a current I,
such that the load voltage, Vs and source voltage, Vm
is on the locus of some cycle

(b) ' (c)

Fig.1: (a) Single line diagram of DSTATCOM
system. (b) Phasor diagram for UPF operation. (c)
ZVR operation

Simulaton and modelling of dstatcom

The control algorithm for the operation of four—leg
VSC based capacitor supported DSTATCOM in a
three- phase four-wire system is shown in fig. 5.
There are various control techniques available for
generating reference source current for VSC of
DSTATCOM.

In this paper, the SRF theory is used for control of
four-leg DSTATCOM. Fig. 5 shows the load currents
(iLa, iLb, iLc), the PCC voltage (Vsa,Vsh,Vsc) and
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dc bus voltage (Vdc) of DSTATCOM are sensed as
feedback signals. The load current in three-phases are
converted into the d-g-0 frame using Park’s
transformation. A three-phase phase locked loop
(PLL) is used to synchronise the signals with voltage
at Point of Common
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Fig. 2 Control algorithm for the operation of
DSTATCOM in three-phase four-wire system

Coupling (PCC). Two PI controllers are added for the
purpose of dc voltage control in Fig.2 The control
algorithm for operation of four-leg VSC with
capacitor based of DSTATCOM in three phase four
wire system.

The overall system of SRF based DSTATCOM with
balanced liner load was shown in fig.3. In this
diagram the three-phase linear R-L load are
connected in distribution side, Va, are the three-
phase terminal voltage Il are the three-phase
terminal current injected by the device into the
system and Vg is the dc voltage measured in the
capacitor and superscripts * shows the reference
value.

Fig.4 shows the Matlab based model of the three-
phase four-wire balanced non-linear load. In this
diagram the three-phase non-linear load is connected.

© International Journal of Engineering Sciences & Research Technology


http://www.ijesrt.com/

[Choudhary, 3(12): December, 2014]

P |

Fig.3 Matlab based model of three—phase four-wire
SRF based DSTATCOM system with balance linear
load
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Fig.4 Matlab based model of three—phase four-wire
SRF based DSTATCOM system with unbalance
linear load
Fig.5 Shows the Matlab based model of the control

scheme for the three-phase four-wire DSTACOM.
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Fig.5 Matlab based model of the control scheme for
three-phase four-wire DSTATCOM system
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Results and tables

The dynamic performance of SRF based
DSTATCOM under linear and non-linear balanced
load conditions, and various results are discussed
briefly in below.

(@). Performance of SRF based DSTATCOM with
balance linear load for harmonic compensation, load
balancing

Fig.6 shows the three-phase (Vabc) source voltage
with linear balance load. Fig.7 shows the source
voltage in one phase and source current waveform
with balanced linear load. It is observed that the at
t=0 to t=0.5 sec the controller is off the source current
is out of phase with source voltage and at t=0.5sec
the controller is on the source current is settled down
at t=0.6 sec and in phase with the source voltage.
Fig.8 shows the dc link voltage Vdc as draw by
DSTATCOM, the dc link voltage is settled to
reference value 698V

Fig.7 Source Voltage (Vab) and Uncompensated &
Compensated Source Current

Fig.8 Vuc voltage
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(b).Performance of SRF based DSTATCOM with
unbalance linear load for load balancing and
neutral current compensation

Fig. 9 shows the source voltage and uncompensated
source current waveform. This figure shows that at
t=0 to t=0.5sec when the controller was off the source
voltage and current are out of phase.

Fig.10 shows the source voltage and compensated
source current waveform. This figure shows that at
t=0.5sec when the controller was on the source
current settled down in phase with.

Fig.9 Voltage and Current Source waveform
without Controller

Fig.10 Voltage and Current Source waveform with

Controller
(c).Performance of SRF based DSTATCOM with
non- linear load for harmonic compensation, load

balancing

The dynamic performance of SRF based
DSTATCOM under non-linear balanced load
conditions, and various results are discussed briefly
in below.

Fig.11 shows the non-linear source current. In
duration t=0.2s to t=0.5s the controller is off so that
the uncompensated source current waveform was
shown in the figure. After 0.5 s, the DSTATCOM
was switched on and the compensated waveform
settled at t= 0.6 sec.
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Fig.11 Non-linear source current waveform (isa)
without controller
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Fig.12 Non-linear source current waveform (isa)
with controller

Fig.13 shows the non-linear voltage and current
waveforms. It is observed that the harmonic current is
compensated and the supply currents are balanced,
sinusoidal and in-phase with the supply phase voltage
(UPF). From t=0.2s to t=0.5s, the DSTATCOM was
switched off, then the voltage and current waveforms
were out of phase. After DSTATCOM was switched
on at t=0.5s, the compensated current and voltage
waveforms were found to be in phase.

s 1t

Fig.13 Nonlinear source voltage and current wave
form (isa) without and with Controller
Fig.14 shows the harmonic spectrum analysis of
supply current  before compensation. The THD was
17.51% which is intolerable
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Figl4.Frequency spectrum of uncompensated
source current
Fig.15 shows the harmonic spectrum analysis of
supply  current after compensation. The THD was
3.50%.

Fig 15: Frequency spectrum of compensated source
current
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(d).Performance of SRF based DSTATCOM for
voltage regulation with linear load

The performance of the DSTATCOM during the
distorted supply voltage condition is shown in Fig.16
when the linear load changes the voltage are
increases and decreases shown in figure and When
the DSTATCOM is on at 0.8 sec. DSTATCOM is
able to achieve the supply side power factor to unity
and settled down to 1
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Fig.16 Performance of DSTATCOM for voltage
regulation with linear load

Conclusion

A new control scheme based on synchronous
reference frame (SRF) theory had been used for the
four-leg DSTATCOM for three-phase four-wire
distribution system to improve the performance under
non-linear load condition.

The model was developed using Simulink and
SimPowerSystem  toolbox. The analysis was
performed for non-linear loads. It was seen that
before the compensation was provided, the current
and the voltage waveforms were out of phase. After
the SRF based DSTATCOM was connected in the
system, the current compensation was provided,
making the current and voltage waveforms in phase.

The following objectives have been successfully
achieved.

e Load balancing.

e Harmonics Current Compensation

e Voltage Regulation
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