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Abstract—In this paper, a control technique based on cascaded
second order-generalized integrator (CSOGI) is presented for
the control of single/ phase photovoltaic integrated distribution
static compensator A V-DSTATCOM). The system compensates
for reactive power and harmonics in the load current along with
injecting power from PV array. Two SOGI blocks are used to
extract the fundamental component of grid voltage and load
current which is then used in control of PV-DSTATCOM. Duc
to the cascaded structure, CSOGI can better filter the third
and fifth harmonic voltage present in the grid and can extract
the fundamental component. Maximum power point tracking
(MPPT) algorithm is used to get the reference voltage for de-link
voltage control. System performance is evaluated by simulating
it in MATLAB/Simulink environment under dynamic conditions
like irradiation and load change.
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[. INTRODUCTION

Day by day, power gencration through renewable sources
Is increasing duc to environmental issues arising from fos-
sil fucls. Grid] connected systems are extensively used for
distributed power generation. Bul gri<2ﬁ)nncclcd renewable
generation would create power quality issue in the grid.
Renewable energy generation sources are intermittent and have
high fluctuations duc o tim&/dependent nature of renewable
energy. As renewable cncrg)écnelmlmn increases over time,
these high fluctuations would create serious challenges to the
power quality in the grid. Different kinds of loads draw current
according to their real and reactive power needs. Nonlinear
loads like switch mode power supplies (SMPS), controlled and
uncontrolled rectifiers draw harmonic power and thus create
power quality problem in the utility grid. Power quality is
one of the important parameters for efficient functioning and
stability of the grid.

Static compensator with the help ol fixed capacitor is tradi-
tionally used to improve power quality related problems.But
it comes with many limitations like fixed system dependent
performance, fixed compensation, and resonance with line
reactance [1]. DSTATCOM has been introduced in the liter-
ature which helps in solving these power quality problems.
[t is a shunt compensator device which when connected in
parallel with nonlincar load can fulfill the harmonic current

demand of non-linear loads. DSTATCOM, with the help of
control algorithm, draws only sinusoidal current from the grid
when the load connected at the point of common coupling
(PCC) i1s nonlinear. Control requires sensing of grid current,
erid voltage, load current and voltage of dc link capacitor.
In [2], control algorithms have been described for active
power filtering and their comparison has also been given.
In [3]. control based on state feedback is described. Other
types of control are also being presented in the literature.
Different DSTATCOM topologies have been used and control
algorithms are sclected accordingly. But some researchers have
changed the system for implementing control algorithm [4]—
[7]. IFor single phase system. a different topology other than
traditional converter has been proposed in [4]. Control tech-
nique model DSTATCOM and load collectively as a resistor.
In [5]. control is implemented with the help of power that
makes it an intricated technique.

A major part of DSTATCOM is to extract fundamental
component from the grid voltage. The success of DSTATCOM
depends upon how well it can generate the reference signal
[8]. Various Phase locked loop (PLL) and their control have
been described to extract the fundamental component of grid
voltage 1n the literature [9]. Some of the important PLL are E-
PLL, SRE-PLL., SPLL, and power based PLL in [8], [10]-[12].
A digital u:lﬁ&iv-é notch filter (DANF) based filter has been
used for extracting fundamental component of load current
and erid voltage [13]. Second order generalized Frequency
locked loop (SOGI-FLL) has been proposed in [14] which
gives good performance under distorted conditions. In [15],
Cascaded SOGI-Band Pass Filter (CSOGI-BPF) has been used
to extract the fundamental component of grid voltage for
UPQC operating under polluted condition. But to extract active
of load current, series combination
of CSOGI-BPE and signal cancellation (DSC) has
been employed. A CS scheme has been reported in [16]
which has de-offset rejection capability. Every PLL has their
own pros and cons. SOGI is a simple PLL which has a less
compultational burden. But accurate extraction of fundamental
component is difficult when harmonics closer to fundamental
frequency are sufficiently present in the signal.
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In this paper, CSOGI is used to extract the fundamental
component of load current and grid voltage which are used to
calculate the active fundamental component of load current.
This scheme is particularly useful when the load current
contains dc-offset current. The PV array is directly connected
to PV-DSTATCOM. The reference PV voltage (de-link volt-
age) is calculated with the help of MPPT algorithm. Gate
pulses are generated through the hysteresis controller. The
complete system is tested under changing load and irradiation
conditions. The CSOGI algorithm is tested under distorted grid
conditions.

II. PV-DSTATCOM AND SYSTEM CONFIGURATION

PV-DSTATCOM is a voltage source converter (VSC) with
integrated PV array. It consists of power semiconductor
switches (5,52.593,54), filter component (L), ripple filter
(R24,Cp) and a dc link capacitor (C,,). This device is con
pected at PCC between grid and PV-DSTATCOM through
inductors (Lr,Lpy).

Schematic diagram of PV-DSATCOM is shown in Fig.
1. Full bridge converter has been used to implement PV-
DSTATCOM. The switches arc controlled with the help of gate
pulses generated from the CSOGI based control algorithm.
PV array is connected to the de link capacitor via reverse
blocking diode which prevents the power flowing into the PV
array. Sizing of DC link capacitor, filter component, and ripple
filter can be done after PV array power, approximate load to
be compensated for and the dc link voltage is decided. Full
bridge converter draws maximum power from the PV array
with the help of MPPT algorithm.
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Fig. I. Schematic diagram of PV-DSTATCOM.
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1. CONTROL

The complete control structure is shown in Fig. 2. Nonlinear
loads require active and reactive power of which the active
component partly comes from the grid and partly from the
PV array while the reactive power is wholly supported by PV-
DSTATCOM. So, the reference current % should have active
as well as reactive component which is calculated by adding
three components: a) PV array component (7py-,) b) Active
load current component (/r7,,) and ¢) Loss component (/;,.).

These three components of magnitude of reference current /7
are calculated as follows:

A, Estimation of PV array components (Ipy,)
The PV component of current is calculated with the help of
Viudpe and Vi by eq. |

/ = Y (1

pog V.
«

B. Estimation of Loss components ({1,s)

Estimation of the loss component (/;,,., ) of reference current
(i7) 1s based upon a Pl controller. The de-link voltage (V) 1s
sensed and low passed and is compared with de-link reference
voltage (V))) which is obtained with the help of MPPT
algorithm. The generated error signal of these two signals is
given to a Pl controller which ultimately generates the loss
component (/).

C. Estimation of Active load current components (Lpg,.,)

Active component of fundamental of load current (157,,) is
calculated with the help of eq. 2.

Tkra = g cos(ép, — o)
= [ (Cos ), cos @y, bosing,, sino, ) (2)

where [y, cos{d,. ). sin(¢, ), cos(o;, ) and sin{e;, ) have

been estimated from the CSOGI algorithm.,
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Fig. 2. Complete control structure of PV-DSTATCOM.

After calculating the magnitude of relerence current (1),
the reference current (7) is calculated by multiplying it with
the grid voltage template (sin{¢,_)) which has been obtained
from the application of grid voltage to CSOGI algorithm.
Finally, the reference current signal (7)) and grid current (7,)
are applied to the hysteresis controller to obtain the gate pulses
for PV-DSTATCOM.




The main component of PV-DSTATCOM is CSOGI which
is used to extract the immsc, quadrature phase, and magni-
tude ol fundamental gridvoltage and load current. CSOGI is a
phase locked loop where two SOGI blocks are used in cascade
so that it can better extract the fundamental signal even when
3" and 5" harmonics are present in the erid voltage and load
The control structure of CSOGI s shown in Fig. 3.
adjusted to get the accurate

current.
The value of gain A and Ay is
fundamental signal.

sin{¢ )
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Fig. 3.

Complete structure of CSOGI

[V, RESULTS AND DISCUSSION

The PV-DSTATCOM based on CSOGT is simulated in MAT-
LAB/Simulink environment and its performance is evaluated.
Two parallel string, cach having thirteen serics connected
Soltech ISTH-FRIL-4H-260-M00-BLK based solar panel has
been used as PV array to obtain the required power. Specifi-
cations of the PV array has been provided in Table I A diode
bridge rectifier that is used as a nonlincar load is connected
at the PCC with the help of two inductors. It draws reactive
and active current but the grid current which is drawn from
erid is active only. The reactive current comes from the PV-
DSTATCOM. The harmonics drawn by the load are supplied
by PV DSTATCOM. The complete system is tested under
changing radiation and changing load conditions. The CSOGI
is tested when 3" and 5 harmonics are present in the grid
voltage.

A, Performance under changing irradiation condition

The system is simul:llul under varying irradiation conditions
as shown in Fig. 4. The grid voltage and current (v, and
i), load uuwnt(//) PV-DSTATCOM current (igp,), PV array
\011(11_& and current (v, and ,,,.) and nmdmlmn (¢) have been
shown in Fiﬂ 4. Irradiation (() is changed from 1000 W/m?

10 300 W/m? in 0.05 see from 4.1 sec to 4,15 sec. Upto 4.1

TABLE 1
SPECIFICATIONS OF SOLAR PV ARRAY

Parameter Value

‘E)]):T;; circuit voltage(Vy,e) 501.8 (V)
Short circuit current(/s¢) 17.86 (A)
Voltage at Maximum power point(Viyp) — 410.8 (V)
Current al maximu power point(£iny) 16.42 (A)
Maximum power(Fy,,) 6.75 (kW)

sec, sufficient power is available from the PV array so non-
lincar load draws less current from grid but after 4.1 sec, PV
array power starts gradually dropping, it begins to draw more
current from the grid.

The harmonic analysn of grid current (i,) and load current
(i) at 1000 W/m? solar irradiation is presented in Fig. 5.
The grid current total harmonic distortion (THD) is 2.63 %

while load current THD is 35.55 %.
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Fig. 4. Simulation results under changing irradiation conditions.
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Fig. 5. Harmonic analysis of grid and load current

B. Performance under changing load condition

The system is simulated while the load is changed from 50
% 1o 100 %. Fig.6 shows the response of PV-DSTATCOM
under step load change.The grid voltage and current (v, and
i), load current (iy,), PV-DSTATCOM current (i), PV array
voltage and current (1, and i) and irradiation (G) have been
shown in Fig. 6. At 4.1 sec, the load is changed [rom 50 % 1o
100 %. The grid current settles within 0.12 sec. The PV current
is maintained at 16.42 A because the PV array operates at
maximum power point. The load current has increased which
results in less current being pumped into the grid by PV
DSTATCOM.

C. Performance of CSOGI under distorted grid condition
The system is simulated when grid voltage is polluted with
374 and 5" harmonics. Performance of CSOGI is presented
in Fig. 7. It is to be observed that the extracted in-phasc grid
voltage (cos @, ) and in-phase load current (cos ¢,, ) have less
than 5 % of harmonic content whilg grid volmoc harmonic 1s

V. CONCLUSION

A control technique based on CSOGI for PV-DSTATCOM
has been implemented for rcactive power and harmonic com
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Fig. 6. Simulation results under load change conditions.

pensation. It has been simulated in MATLAB/Simulink cn
vironment and its performance is cvaluated under distorted
grid conditions, changing irradition and load conditions. PV
DSTATCOM and its control based on CSOGI perform sat-
isfactorily when lower order harmonics like 377 and 5 are
present in the grid. The grid currcnt THID has been found to
be within the standard limit of 5 % set by TEEE 519-1992
under all testing conditions.
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APPENDIX

System Parameter: Line voltage: I:undumcnla (\’ 230V
(50 Hz-ac). 37 Harmonic (Vs e of Vi . f ILumomc
(Vsn) =2 % of V5, : Load: Unumlmllud RLLllflLl based on

full bridge topology with R-L. load: R =5 O, L. = 100 m!.
DClink voltage(PV voltage) = 410V, DC-link Capacitor:4 .1,

CSOGI for load current: &1 = 0.1, I£2 = |; CSOGI for grid
voltage: K1 = 0.5, /2 = 11 Pl-controller gains of DC-link
controller: /<, = 0.5, I¥; = 0.1
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