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Abstract:

Voltage and power quality management are the primary components for regulating grid
integrated voltage source converters (VSC) during abnormal grid disturbances. This Project
offers a distinct control method for controlling a grid-connected solar photovoltaic (PV)
system that makes use of an IG integrater. The topology of a three-stage and single stage is
investigated. The former purpose is to maintain Photo voltaic power flowing to the power
grid although when the system is experiencing irregular oscillations. Normally, the system
provides Unity power factor (UPF). Despite this, when the grid voltage varies, reactive power
injection keeps the PCC voltage profile within the permissible limits. Moreover, LVRT
functioning occurs in the presence of substantial voltage sags.During the night, when there
is no PV generation, the VSC and DC link capacitor act as a distribution static
compensator, enhancing system usage (DSTATCOM). In contrast to usual control
approaches, the power quality of the system is not reduced. The successes of the control
are demonstrated through simulation implementation.A comparison with state-of-the-art
processes is also emphasized, illustrating the utility of the supplied control.

Keywords:Power Quality, Solar Photo Voltaic Generation, LVRT,Voltage Regulation, IG

Integrator,

I. Introduction:

The enhancement of solar PV systems
tends todevelop in R&D of control of grid
embedded with SPEC systems.
Unfortunately, it has been resulted in
more number of power quality difficulties
in these system. The coming introduction
of PE and Abnormal loads systems has
added to the pressure.As a result,the VSC
is importance to connect to the Grid.To
solve the challenges, several mechanisms
have been created. The commonly utilized
kind of control is called VCC. It is based

on the Di-Quadratic Zero transformation,
which requiresto use The PLLwhichj is
Known As Phase Locked Loop.to achieve
grid contemporise. There have been
several research on PLLs with diverse
topologies

and properties [2],[3] describes a  multi-
harmonic PLL based on decoupling Cell
so,that can synchronize quickly at
distorted voltages. Moreover, [4] it
describes the combination of DSOGI and
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PLL. Moreover, [5] proposes an I[ISOGI-PLL
for microgrid control.

These approaches are important for
achieving injecting of reactive power and

operation of UPF.Even so, at lower
frequencies, it causes execution instability
and provides negative accumulative
resistance [6][7]. The deterioration in
power quality complicates execution. As a
result, a control mechanism that does not
rely on PLL is required for the grid VSC's
steady and optimal operation.To overcome
these issues, several control mechanisms
have been proposed. [8] defines model
predictive control (MPC), which predicts
future switching states. Because the
information for the next prediction is
provided ahead of time, the
operationability is sufficient for steady-
state conditions. But, with dynamic
changes, it loses its benefit of speed and
incurs a high computational cost. In
addition, [9] includes a least mean fourth
(LMF)-based control that produces
outstanding results but lacks precision
due to order four optimization.If the
inaccuracy in the governing equation of a
dynamic loading operation is smaller than
one, the algorithm's weights take a long
time to converge to the correct value. [9]
describes control ytechniques developed
on the Kalman-filter (KF) that are used to
improve power quality through the
correction and prediction process. Its
improved representations, such as
expanded KF, are also available in [11] to
expand its operational capabilities.

However, because the derivative property

WWWw.ljiemr.org

is used in the calculation, it causes a
significant computational strain on the
system and requires additional memory
for storage, resulting in an increased
overload on the processor.

The second order generalized integrator
(SOGI) [12] is a well-known and widely
employed control technique. It has an
edge over others due to its simplicity and
ease of implementation. When lower order
harmonics and DC offset are present,
however, its performance degrades
substantially. Moreover, its lack of
dynamic capabilities exacerbates the
issue. [13] describes a SO-SOGI-based
control technique that does not work well
in highly distorted grid conditions. [13]
describes a modified SOGI to overcome
these difficulties. Yet, its implementation
causes operational trouble since
computations need familiarity with the
preceding dominant frequency response.
There are also other variations available,
such as the fifth order generalized
integrator (FOGI) [15].Growing computing
complexity, on the other hand, places a
strain on a low-cost Processor.
Furthermore, due to the widespread
usage of distributed energy resources
(DERs) in current power grid networks,
the PCC voltage 1is vulnerable to
significant variations as a result of
breakdowns. This might cause the system
to crash. According to IEEE standard
1547a [16], DERs can offer PCC voltage
support by managing the apparent power
flow in the grid. The recommended voltage

restricts differ depending on the codes of
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grid. Yet, in this case, the limitations are
set at 0.9 per unit to 1.1 per unit [11].
Undervoltage occurs when the voltage at
PCC falls below 0.9 pu. It affects system
reliability, power performance. This might
results substantial problems with grid-
connected PV-systems, leading them to
trip and further restrict use. This might
cause it to fail unexpectedly. When
voltage sags,reactive-power is fed into the
system network to help until the
decreased voltage at the PCC
reachescontinuous operating boundaries.
Yet, reactive-power is affected by system
rating and voltage sag. If the PCC voltage
falls below a specific level, the reactive
power needed to sustain the system
excxeeds the system's rating. In such
instances, reactive powerinjected in
compliance with grid norms, resulting in a
low voltage ride through (LVRT) operation
[11][17].

The key aims in development of the
control are as follows.

*Create an generalized integrator (IGI)
control system to send PV power to the
PCC and feed the grid.

* Demand-based regulation of active,
reactive electricity provided into grid
networkduring anomalous grid
fluctuations.

* Unlike past systems, this control uses
reactive power injection to provide voltage
support during undervoltage.

* It allows for a low voltage ride through
during periods of acute undervoltage

(LVRT).

WWWw.ljiemr.org

* When there is no solar irradiation
throughout the night,system acts as a
static (DSTATCOMN).

* During all of these procedures, the
system's power quality is kept well within
limits.

II. SCHEMATIC SYSTEM

As shown in Fig.1[1], a single stage three
phase design is used here, with a single
(DC-AC)converter for both maximum
power point tracking (MPPT) and power
conversion. This minimise overall system
loss and requires less space than a two-
stage design [18]-[21]. A voltage source
converter (VSC) in a single stage 3-®
architecture delivers the Photo voltaic
power to the grid, ensuring maximum
power point tracking (MPPT) of the Photo
voltaic panel.The MPPT employs the
incremental conductance (InC) approach.
To reduce VSC current ripples, interfacing
inductors (Li) are also used.

During normal operation, Photo voltaic
power is sent to the grid at a power factor
of one; during grid fluctuations, reactive
power is supplied to sustain voltage ofr
PCC; and during at night, the system acts
as a Distribution STATCOM.

e —

A Al

e

Fig.1.Single stage 3-phase gridinterfaced

solarPVsystem
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III. IG INTEGRATOR-BASED CONTROL
APPROACH
2[1],

Generalized

In Fig. the IGI (Interweaved

Integrator) control is
employed to manage the single stage
system and provide switching pulses for
the VSC.

Grid currents (iga, igb, igc), load currents
(iLa, iLb, iLc), DC link voltage (VDC), PCC
voltages (vpcc a, vpcc b, vpce c), and PV
array voltage and current (Vpv and Ipv)
are all important control inputs.

* Calculation of the reference reactiveB C
currents for undervoltage support as well

as LVRT.

* Creating switching pulses.

These procedures are outlined below|[1].

inteezed

generized

g
(161)

Fig.2.1GIbasedcontroltechnique

1. Functioning of the IGI Filter:

The IGI filter is used at the PCC to
estimate The requirements of the load
(Fig. 2). The load currents are measured

and sent into the filter, that calculates the

WWWw.ljiemr.org

components of load currents. The IGI has
4 integrators. It is made up of appropriate
cross-feedback network connection that
are utilized to mitigate DC components,
harmonics, and subharmonic component,
as well as eliminate oscillatory distortion
and damping. The load currents (iLabc)
are

control inputs that are translated into co-
mponents using Clarke's transformatin.
As inputs, components (o) and (f) are sent
into the filter.

Here, £1,&1',y1,92,91,¢2',¢,e'and
consider as the input signal of a filters,
while, wn, ¢, H(s) and pare the gain for
amplification, rectification of errors, as
well as damping, delay reduction, which
give the ¢2andé2'is the essential
components of load current.

All variables are depicted in Fig. 2 and are
specified in below.

a and B are the components of input.yl,
wl' are the totals of the outside loops.

W2, W2" are the totals of the inside loops.
& will be the erroe amplification gain.e,e’
are the internal signal of error.p is the
coefficient of delay mitigationof the
integrator.®n is the cutoff frequency.
Qfl,w§1'are  belongs to the error
loop.®§2,w82 are the loops of coupling.§1
and §2are the filter's output, which makes
up the majority of the input.

The following are the prime equations for
the filter[1].

The load current components in of frame
will be §2, §2'Their values in the frame of

abc are derived by applying the inverse
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Clarke's transformation (iLabc). Internal
parametric values are to be chosen

depending on the damping.

W|:Z;._§:_H(S)§1 s W3:Wt_'§.—h’(5‘)§l (1)
e=y,p-& o, §|:i:>w 5
s+p s+p

—H(s)Ep—Ep-E o

& _we @ —&p— ¢ -
s+p
£ = 1L9-H$)Eo-Ep-H(s)so-¢o-¢ o &
| s+p
Therefore, &, = §o, - &0 .
s+p
-H o-&Ep—H tn— E
Similarly, & = %67 ()ip-bp-H)ip—dip+éo o
s+ p

Therefore, & = &0, + 50 o

s+p
the amplification and error corrrection as
shown in figure2.

2.Unit Templates Estimate:

The estimation of unit templates can be
done by wusing PCC voltages.It is
important to note that these three
numbers—"Vo" stands for maximum
value of the coventional grid voltage is 1
per unit, "VL" is the lower limit of
maximum value of the PCC voltage, and
"VZ" is the maximum value of the instant
PCC voltage—are essential for control
before moving on. The representation of
each of these variables is shown in the

Figure. 3[1].

I = V, ﬂ.gpu—}

ooz 200 il WL
PR

Figure 3: 3- phase voltage waveform and their

maximum amplitudes VO, VL, VZ.
Here, it 1is established that the
instantaneous peak amplitude (VZ) of the

PCC voltage is,
V=0 ) + () @®)

WWWw.ljiemr.org

where the PCC voltages for the specified
frame are Vpcc. and Vpcc.. The
instantaneous p.u voltage of PCC and
minimum limit of minimum amplitude are

computed as follows:

V.
Vy ==X 9
pu I/ ( )
@
V, =09xV, (10)
Unit template evaluations range from (8)
pa l vprr a
ph =X vpc:‘ b ( 1 1)
- VZ
“pc Vpcc c

Using (11) we can derive the unit

templates of quadrature components as

follows:
Zy . 0o -2 2 Z g
Zp|l=—=| 3 1 -1l|x|z, (12)
23
Z, -3 1 -1 Z,

3. Active Power Current Estimation:

The Photovoltaic electricity is supplied to
the power grid side at a power factor of
unity during standard grid operation.
Reactive power thus equals 0.With the
use of three parts [5], the currents of base
grid signifying the active power  are
calculated.The load component, which
meets the nonlinear load's power
requirements at PCC, comes first. This
requires a fundamental load current
component. IG integrator control is
utilized to extract it Figure.2. The
maximum value of load current is
calculated using sample and hold (S/H)
circuit and a zero crossing detector (ZCD),
which are activated by the components

of quadrature of the unit templates. An
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evaluation of the active power currents of
load component of reference is given

based on the logic in Figure. 2.

M+ + U
Hiaa :+ (13)

The purpose of the dynamic feedforward
term, according  to the second
assessment, is to increase the system's
dynamic responsiveness to the varying
solar irradiation that a real solar PV

system encounters.

B - 2%V, = L,
e IxV;

(14)

For the DC link voltage control, losses in
VSC are also used. The DC voltageof the
single stage architecture is equal to Vpv
(VDC = Vpv). Hence, VDC ref = Vpv ref,
where VDC ref is the base reference
voltage output of MPPT algorithm and
VDC ref is the reference voltage of the DC
connection. and the measured DC link
voltage is compared to this reference (ed =
VDC ref VDC) before using a PI controller.
It is shown as follows in Fig. 2:

;ufass :Kp(ea')+KjJ‘ed(r)dr (15)

Where Ki, Kp represent the integral and
proportional gains of the PI controller,
respectively.

Thus, the active power component of the
peak value of the current in grid can be
defined as,

Ley = (Blioss + Liag — g ) (16)
When this maximum value times, base
active grid currents, unit templates—
which reflect the active power that must

be supplied to the grid—are created.
o o s 7 r
‘:lpa lpb lpc ] = lufre.l [:pa Zpb ch ] (17)
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The current indicated is used in
calculation of total active power being

sent to the grid (17).

3
P‘%f = 5 X Moy X VZ (1 8)

¥

4. Calculation of Current in Reactive
Power:

Reactive power is delivered to maintain
the grid in situations where there is a
high reactive demand or a failure. The
system's PCC voltage fluctuates in a
number of ways. As a result, DERs are
utilized to change the amount of power
transferred into the grid so that the
voltage profile working limits of 0.9 pu to
1.1 pu and so avoid undervoltage-related
failures. This requirements' definition of
the PCC voltage's acceptable safety range.
To

achieve these restrictions, several undervo
ltage techniques are utilized.If the voltage
is less than the lower barrier (0.9 pu),
reactive power is injected, eliminating the
potentially harmful effects of voltage sag.
To do this, basic PCC voltage is needed. A
base reactive power is derived based on

the sag's magnitude [21] after it has been

detected.
3|V, =V, xV

Qréf - _l:#:| (19)
2 ng

Where Lg is the line's inductance, and
Fig. 3 shows all the variables. Input of
this much reactive power will cause the
PCC voltage to rise until the lower limit is
reached. This approach is known as

under-voltage support.
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The following are the calculated reference

reactive currents:
o . . (2 T
[lqu iy iqc] :(gx » sz)x[un Zy un] (20)

During this operation, the following
calculations are conducted about the

reference active current:

3 3 2
Y S _J(Exﬂm XVZ) 7(Qrg‘) > (21)

ith, >h,=>F,=

max

max

Under the supply limit of active power,
the updated maximum value of base
active current is calculated as,

i o =@RPL) (3%V;) (22)
The data provided by are then used to
determine the reference active current
(18).

The amount of reactive power base on
that must be supplied for voltage support
may occasionally surpass the whole
system rating. This algorithm changes to
low voltage ride through operation to
avoid this situation, needing only a
significant amount of reactive power to be
injected into the grid to maintain the
system during the brief period of high
voltage sag. The converter's required
input of reference reactive power into the
grid to carry out LVRT is calculated as

follows [10],

3 [S,*VL—S,*VZJ

Q. ==X v (23)

2 o

In this circumstance, St is the highest
apparent power. By introducing this
quantity of reactive power into the
system, the grid may be able to keep it
running until the sag disappears. In order

to maintain the power injection within the

WWWw.ljiemr.org

rating, a current limiting restriction is
applied to the active power reference

during voltage sags.

P, =s’-0.%,
max t Qch (24)
ifP, > P, =P, =P

max ref max

The peak value of reference active current
is then calculated from (23) and reference
active and reactive current are then
calculated from (18) and (21).All steps
may be seen in the flowchart in Fig. 4.
Using this technique, one may ensure
voltage support via LVRT and PCC
undervoltage control.

5. Generating Switching Pulses:
Following are evaluations of the overall
reference grid currents:

AP [ AR (Y P A REE
The difference between the coventional
grid currents and the detected currents in
grid is received by the current controller
of hystersis, which it then employs to
create the switching pulses of VSC.

IV. RESULT ANALYSIS:

Figure 5 For various grid configurations,
the performance of the IGlintegrator-
based control in Simulink is demonstrate
d. Parameters offers detailed system and
control settings.

The voltage grows till it approaches the
0.9pu limit.The injected reactive power is
roughly 2.42 kVAr, which is pushed into
the grid. This clearly shows how IGI works
with undervoltage help.As shown in Fig.
5(b), the PCC voltage is dropped to 0.7 pu
to demonstrate performance in the

presence of significant voltage sag. If the
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reactive power calculated from (20)
exceeds the system rating, undervoltage
support cannot be performed; hence, the
reactive power is estimated from (24) to
perform LVRT. The reference active power
is determined once the current limiting is

imposed (25).

Imtialize V, Caleulate
START Fyand VA mstanlancous
Vi tnd § Iz

Ya

, A
Undersoltage support Caleilate RL)
Use () from (19) and (; u: ;;L i from
Pﬁm} = J [”}
Perform
LVRT Calculate ()
{23) and P, (M)

P

Wl'l

i

L

(ienerate reference active

L, und.rmt[iv: I:um:nl RETURN
by i

(17) and (20}

The active reference currents are
computed wusing (25), (23) and (18),
whereas the reactive reference currents
are computed wusing (21). The total
reference grid currents from (26) are then
computed, followed by a low voltage ride
through.In this location, the reactive
power supplied into the grid is around
2.2kVAr. The Photo voltaic power is
maintain

reduced somewhat to

thelimitation restriction of the current.

WWWw.ljiemr.org

Fig: Simulation results

The responsiveness of the supplied
IGIntegrator control are compared to the
most used algorithms and VLLMS [23]. As
seen in Fig., the results of the VLLMS
degrades highly during load unbalancing
in terms of oscillations. When compared
to other algorithms, it performs poorly.In
terms of performance, DSOGI, SO-SOGI,
and MSOGI surpass VLLMS; nevertheless,
their time settling is considerable. The
current load is decreased, and one phase
is shut off for 0.8s-1.1s.Itdepicts the peak
value of the basic load current extraction
(load).In terms of performance, the IGI
control beats other methods. It reduces
oscillations via highest value of the basic
load current extraction (load)This
emphasizes the usage of IGI control by
demonstrating  superior  performance

when compared to other cutting-edge

approaches. The desired value is rapidly
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reached with no deviations.It demonstrate
how IGI control works when grid voltage
changes. Undervoltage and overvoltage
can occur on the grid. The control
response is ensnared in phase a. The grid
voltage (vpcca) is dropped, but the load
current (iLa) and grid current (iga) are
raised. The grid currents increases due to
drop in PCC voltage and constant load
impedence. The consistent DC connection
voltage (VDC) demonstrates the control's
endurance. To illustrate operation during
an overvoltage circumstance, the grid
voltage is raised. In this situation, the
current in grid declines, the increase in
load current then DC link voltage will
remains constant.

VI. Conclusion:

Based on IGI control approach for this
paper describes a single stage grid-
interfaced solar pvsystem of energy
conversion. The control is exposed to
several anomalous grid -circumstances
while accounting for a nonlinear load at
PCC. It is straightforward to implement
because to its ease of design and control
capacity. The abnormal load at PCC is fed
by control simply while also sending
active and reactive power to the
grid. Duringimmense sag, LVRT is
performed by injecting reactive power in
compliance with grid rules.When there is
no PV power, the system's use is
increased at night by serving as a
Distribution STATCOM. These findings
explain the production which was tested

by simulation and empirically justified on

WWWw.ljiemr.org

a constructed prototype. The system is
governed by several anomalous grid
fluctuations. The THD of the grid current
is determined to be well within the IEEE-
519 standard limits for all of these
scenarios.

Parameters:

A. Parameters used in simulation:

Grid voltageeg=125 V, Li=5 mH, Cf=10 uF,
Rf=6 Ohms, Voc=627 V, Isc=24.27 A,
Pmpp=11.4 kW.
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