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Abstract

In this paper non-conventional source of energy photo
voltaic array is connected to the Directed static synchronous
compensator (DSTATCOM) with DC linkage capacitor
which result in improving the overall power quality
improvement in distributed lines. Different control
techniques have been presented and thoroughly simulated
with perturbed and observed (P & O) method of MPPT
technique. Power balance theory (PBT), Synchronous
reference frame (SRF), Instantaneous reactive power theory
(IRPT) are three control techniques which have been
compared. The different control technique with PV array
have been compared which results better than without use of
non-conventional source of energy. These results have been
simulated in MATLAB/SIMULINK and sim power system
environment.

Keywords---DSTATCOM, THD, SRF, PQ PBT, Power
Quality Improvement, Non-Linear Load

l. INTRODUCTION

The increasing trend of use of renewable source of energy
leads to the decline in use of traditional source of energy in
all fronts. Now a days researchers mostly concentrating on
use of distributed generation instead of traditional methods.
Integration of DG systems in distribution lines improved the
power quality distribution system a lot which results in
reduction of harmonics in sinusoidal waveforms of voltage
and current.

Sinusoidal grid current or source current, Increment of
reactive power demand by load, unbalanced phase,
deterioration of power factor, harmonic content are the some
of the examples of power quality issues [1]. These issues are
the causes of decrease in efficiency, decrease in the life span
of generator, interruption in power supply at the consumer
end etc. Power quality issue arises due to the non-linear
characteristics of load connected. This type of load are

called non-linear loads [2]. Some of the examples of non-
linear loads are adjustable speed drives (ASDs), switched
mode power supply (SMPS), uncontrolled diode bridge
rectifier, electric traction system, aerodynamics system etc.
[2]. In present situation in distribution system, lots of
nonlinear loads are increasing day by day.To cope up with
these power quality problems several custom power devices
are used.These custom power devices are used to
compensate almost all the issues for smooth flow of current
and voltage in distribution lines. Custom power devices are
Distributed voltage regulator (DVR), Distributed static
compensator (DSTATCOM), and unified power quality
conditioner (UPQC) [3]. These devices compensate various
issues of voltage sag, voltage swell, current harmonics,
voltage imbalance, voltage distortion etc. An improved
version of shunt connected active filter is given name as
DSTATCOM .DSTATCOM mainly focusses on mitigating
of harmonics, balancing of loads and reactive power
compensation at point of common coupling (PCC). As we
know increase in reactive power reduces transfer capability
of active power in distribution lines so it must be mitigated,
harmonics may cause several loss of equipment’s due to
non-availability of pure sinusoidal waveform of current at
the source, and unbalancing can cause over heating or even
damage of load equipment’s. Effective utilization of
DSTATCOM depends upon all four different points.
Control algorithm is used for the extraction of reference
supply current, reference supply current and the source
current are comparing and the output goes through the
different switching schemes [2]. Different types of power
electronic such as Three leg voltage source converter[2],
four leg VSC, three leg VSC with split capacitor[1],three leg
VSC with zig-zag transformer[4],matrix converter[8],Z-
source converter[9]etc. For extracting reference supply
currents SRF  theory(ld-Iq)[1],unit templates based,
instantaneous symmetrical component theory, PQ theory[1],
sliding mode controller algorithm[10], adaptive filter based
control[11], second order generalized integrator based [7],
SOGI —FLL[8] based control algorithm are available.



Il. CIRCUIT CONFIGURATION
A DSTATCOM fed by PV system
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Fig 1: Schematic of Three-leg VSC DSTATCOM with PV array

Fig 1.shows the circuit configuration of three phase AC
mains feeding three phase non-linear load. DSTATCOM is
connected in parallel with the three phase AC source and
nonlinear load. A three phase uncontrolled diode bridge
rectifier with resistive R and Inductive L is comprises non-
linear load. These non -linear load increases the harmonic,
reactive power, unbalance all the phases and deterioration of
power factor. Ls and Rs represent the source inductance and
source resistance of AC mains. The value of Rs and Ls
should be kept low because it can draw large current. Vsa
,Vsb and Vsc are the voltages of all the three phases of AC
mains. Isa, Isb and Isc are supply current of three phase AC
mains. ILa, ILb and ILc are the load currents of non-linear
load modelled as uncontrolled diode bridge rectifier and set
of resistance and inductance. Vdc is the internal voltage of
DC link capacitor connected at the DC side of IGBT based
voltage source converter. Interfacing inductors Lf is
connected at the AC side of IGBT based voltage source
converter. Lf is connected for reducing voltage and current
ripple in the compensating current coming through voltage
source converter. Passive filter modelled as Rf and Cf is
connected with the PCC and parallel with the load. Rf and
Cf are connected in series. Passive filter is used for filtering
switching noise of PCC voltages. lia,lib and lic are the
compensating current injected by IGBT based voltage
source converter to PCC for surpasses the effect of
harmonic, reactive power component of non-linear
load.S1,52,S3,54,S5 and S6 are the 6 IGBT switch of three
leg voltage source converter based DSTATCOM. Sliding

mode control algorithm is used for control of DSTATCOM.
Sliding mode control extracts the reference supply current
and further this current is compared with the source current.
Hysteresis current controller is used for generation of gate
pulse for IGBT based voltage source converter.

B. Photovoltaic equivalent diagram

@ Iph

Fig 2: Equivalent photovoltaic diagram

Fig 2. Shows equivalent diagram of photo voltaic cell
having different components Rs and Rp are series and
parallel resistances respectively and Id current flowing
through the diode having parallel the current source in
which Iph DC current flowing. V and | are the voltage and
current through the photo voltaic cell.



C. MPPT Algorithms

MPPT (Maximum power point tracking) algorithm is used
to maintain the constant impedance seen from the PV array
and to maintain operation approximately or close to peak
power point or voltage of PV panel in any conditions of
change in temperature, load or solar irradiance. The
controllers are designed for MPPT algorithm. There are
mainly three MPPT basic algorithms for the tracking.
Perturbation and observation, Incremental conductance and
Fractional open circuit voltage are the three MPPT
algorithms. Here we have used Perturbation and observation
control algorithm for PV array.

1. CONTROL SCHEMES
I. Synchronous reference frame theory (SRF)

SRF is a conventional control schemes among all
controlling schemes. SRF is used to compensate the
harmonics in current of loads connected to distribution lines.
This scheme calculates reference current signals which is
compared to source currents to generate the gate pulses for
thyristors. The SRF mechanism is shown in figure 2.
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Further current signal in dg0 components is passing through
Low pass filter (Butterworth) LPF for removal of current
ripples from the system. Next error coming out from DC
voltage controller is add from output of LPF..

= + (2)
= + (3)

Next output is again feed to the inverse Clarke
transformation (d-g-0) to a-b-c) block. Finally reference
current signals (Isa*, Isb*, Isc*) are compared to (Isa, Ish,
and Isc) source currents and send to hysteresis controller for
generation of gate pulses.

Il. Power balance theory(PBT )
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Fig 3. PBT control scheme

Mathematical computation of Unit templates and
Terminal voltage

Terminal Voltage
{2+ 2+ 2
=Vl @)

In- Phase component of Unit templates

Now, = + + (5)

After that LPF is used for removing the ripples from the

components.

= ()= (6)

After current components calculations ac and dc controller
components are added and send for reference calculations.
While reference calculations the in-phase and quadrature
template are multiplied to generate reference current signals
and then gate signals are generated using hysteresis
controller.



Pq theory
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RESULTS AND DISCUSSION

Comparison of THD in different control algorithm
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Fig 5. CASE 1.SRF (a) THD OF Isa, (b) THD of Isb, (c)

THD of Isc,
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Fig 7. CASE 3. PBT (g) THD of Isa, (h) THD of Isb, (i) THD of Isc
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Fig 8. CASE 1.SRF(a) source current Is (b) Vdc (c) Compensating current Ic (d) Source voltage (e) Load current




Fig 10. CASE 3 PBT(a) Source current (b) Vdc (c) Compensating current Ic (d) Source voltage (e) Load current

In case 1 of Fig 5shows the THD of different phases of
source currents. In case 1, SRF control algorithm is used for
extract reference current. In Fig 5 (a) THD of Isa is shown
.From figure THD of lIsa is 4.71 % which is under the
stipulated limit of IEEE-519 of THD consideration of
international standards. It has been also observed from the
figure that odd harmonic is also removed from the | source.
Similarly from fig(b) THD of Isbis 4.42% and from fig (c)
THD of Isc is 4.42 both is below 5% and under the
stipulated limit of IEEE-519 .In Fig 6 case 2 PQ theory
based is used for the extraction of reference current .From
fig (d),(e) and (f)THD of Isa, Isb and Isc is 4.11%, 4.18%
and 4.13% respectively. We have seen that THD of all
phase of source currents are under the standard limit of
IEEE-519 and also odd harmonics are eliminated from the
source current. In fig 7 case 3 PBT algorithm is used for the
extraction of reference current. THD of source current is

determined from figure and it can be seen that THD of Isa,
Ish, and Isc is 3.79%, 3.95% and 4.23% respectively which
is under the standard limit of IEEE-519 of THD
consideration.

From Fig different characteristics of system is found by
using different control algorithms. In case 1, 2, 3 SRF, PQ,
PBT control theory is used .From 8,9 &10, fig (a)
waveforms of source currents have been shown .It can be
seen that it is nearly sinusoidal and in phase .thus we have
said that SRF algorithm can balance the phase .Fig (b)
shows the DC capacitor voltage which is almost regulated
and get steady at the value of 700V.From Fig (c) shows the
compensating current which is required by the system for
surpassing the effect of load current. Fig (d) shows the
source voltage which is somehow little bit greater than 415
V due to non- linear load. Fig (e) shows the load current
which is distorted due to the effect of non-linear load.



CHARTABLE FORM OF COMPARATIVE ANALYSIS OF
DIFFERENT CONTROL ALGORITHM
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CONCLUSION

In this paper three different control strategies of time
domain is used for control of DSTATCOM SRF, PQ,PBT
theory based control algorithm has been installed for
control under the presence of non-linear load with DG
System as PV array. Hysteresis based controller is used for
the generation of gate pulse. It has been observed from the
result that all three can be used for the control of
DSTATCOM for power quality improvement. But in case 3
of power balance theory from fig (g), (h) and (i) THD of Isa,
Isb and Isc is low among all three control algorithm. From
fig (b) of Vdc it can be also observed that regulation of DC
capacitor voltage is 700 V for PBT based algorithm. So we
can say that from the above comparative analysis PBT based
control algorithm is give better performance among all three
control algorithm with DG System.
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