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Abstract

This paper presents power quality improvement technique for grid connected dual inverter
systems supplying non-linear and unbalanced loads. Control algorithms based on instantaneous
symmetrical component theory (ISCT) are implemented in the dual voltage source inverter(DVSI).
The DVSI enhance power quality by injecting real power and compensating for reactive,
harmonic, and nonlinear loads. The dq0 transformation technique is utilized for effective voltage
analysis at the Point of Common Coupling (PCC). Detailed simulation results validate the control
strategy, demonstrating significant reduction in Total Harmonic Distortion(THD) and improved
power quality. THD is analyzed for nonlinear and unbalanced load and reduced below 3%. The
findings indicate that the DV SI scheme effectively mitigates harmonic problems, ensuring stable
and reliable operation of interconnected grids, and complies with IEEE standards for THD and
frequency maintenance.
Keywords- Harmonics, Inverter, Nonlinear Loads, Power Quality
1. Introduction a new idea of dual voltage source inverter that

The technologies developed in response to caters to work in conjunction with Il’liCI’OgI’id
environmental concerns created the currently — systems. One main voltage source inverter
existing conventional power infrastructure. injects the real power generated by a microgrid
An inverter connected to the grld permits to the utility grid, while another additional
power ﬂow, it transfers energy generated in VOltage source inverter works on reactive
the microgrid to the main grid and associated ~power, harmonics, and unbalanced load-related
loads . The power quality should be maintained ~ issues. Thus, the rated capacity of MVSI is
with the grid connection of a microgrid; optimally exploited for injecting power in
especially, since it uses an increased number of ~ case there is a surplus of renewable energy
power electronic devices, electrical nonlinear ~ generation. This is easily done by making these
loads, and unbalances that are produced by two inverters act to distribute a load power;
those loads. Surely, this affects power quality. hence, power losses across semiconductor
The key power quality problem is supplying switches are minimized. It is better reliable
harmonic distortions which also guarantee compared to a single multifunctional inverter.
optimal systems performance, stability, and Smaller modular inverters operating at higher
reliability of the grids interconnected. switching frequencies reduce the size and cost

The paper tends to aim at the analysis of  of filters and interfacing inductors (Kumar et
THD in microgrids owing to nonlinear loads at ~ al., 2015), (Zhang et al., 2013), (Kahrobaeian
the grid, point of common coupling (PCC), and & Mohamed, 2012).
load side before and after the installation of The dq0 transformation technique is
the DVSI system and conclude how the DVSI ~ employed for extracting the fundamental
mitigates the harmonic problem from the positive sequence of the PCC voltage. This may
system using this scheme. The paper discusses ~ be looked upon as a method for filtering out
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only the desired component selectively from the
total voltage signal for further analysis. Once
the signal has undergone dq0 transformation,
it is easy for the control system to have only
the fundamental positive sequence of the PCC
voltage concentrated upon. As a result, this
will make sure that the DVSI scheme operates
accurately and efficiently. The performance
of the control strategy was validated through
a detailed simulation and experimental results
(Iyer et al., 2005), (Tummuru et al., 2014).

The result is energy losses, mainly due
to the harmonic distortions, poor voltage
regulation, and reduction in the power factor,
with nonlinear loads, for instance, power
electronic equipment; hence the PQ problems.
The various control strategies implemented for
PQ include the use of passive compensators,
namely, LC filters. Not all harmonic
distortions, however, can be treated with LC
filters alone; hence, other methods become
imperative, amongst which is quite efficient
the dual voltage source inverter method for
improving power quality. The work will,
therefore, be channeled towards finding the
control strategy for DVSI that yields improved
power quality for a grid-connected microgrid
through mitigation of harmonic distortions
due to nonlinear loads. Some specific aims
are voltage regulation at the PCC, attenuation
of harmonic distortions, and making the grid
current balanced and sinusoidal. Specific
advantages of DVSI include higher reliability,
cost-effectiveness due to reduced filter size,
and effective use of inverter capacity, where
the main inverter feeds the active power while
the auxiliary inverter compensates the reactive
and harmonic loads (Kumar et al., 2015),
(Kahrobaeian & Mohamed, 2012), (Guerrero
etal., 2013).

2. System Related Theories and
Concept

2.1.Dual Voltage Source Inverter

To explain concept of DVSI, consider a
power system with a grid on one terminal and
nonlinear loads on the other terminal. Here the
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system includes a three-level NPC inverter
for the realization of AVSI and a three-legged
inverter for the MVSI, which are all connected
at the Point of Common Coupling (PCC) in
order to feed the power into the loads. As seen
from fig 1 below, Loabe), Engmiavey, AN o are grid
currents, MVSI currents, and AVSI currents
in three phases, respectively. The three-phase
load currents are represented as i, . The
AVSI employs a DC link implemented as split
capacitor configuration with two capacitors, C,
and C,, both rated at 2000 uF" (Kumar et al.,
2015), (Iyer et al., 2005), (Singh et al., 2011).

The scheme injects real power from the
DERs into an electrical grid through an MVSI,
using a filter inductance L, and resistance

R, that assist in oscillations' damping in
the injected current. The DER either can be
coupled to the DC link by a DC Source or an
AC source interfaced through a rectifier. The
compensating function for reactive power,
harmonic currents, and imbalanced loads
by the auxiliary inverter uses its own filter
inductance L, and resistance R . The required
switching pulses are generateci for these two
inverters in accordance with the computed
reference currents: z*u by A0A 1% for the
main and secondary, respectlvely (ihang etal.,
2013), (Guerrero et al., 2013).

The control and computation moduleis one
of'the most important modules for the operation
of'the workings of the DV SI system. In the case
of calculating the primary inverter reference
current, V[( s Appears while, at the same time,
it is used in the calculation of the auxiliary
inverter reference current. Instantaneous
active power calculation and low-pass filter:
The active power is calculated from the load
current i, , and filtered into a low-pass filter
to smootil the controls. abc components are
converted into dg0 components with the help of
the dg0 transformation and sequence analyzer
for better analysis and control, after which
they are inversely converted back to abc after
filtering. A PI controller of DC link voltage V
maintains the reference value V, is 1040V



Harmonics are present at the PCC due to
the existence of unbalanced and nonlinear loads
where grid, load, and inverters meet. It samples
the voltage at the PCC, V, ,  along with the
load current, il(abc); the abc measurements are
then converted into dg0 components for ease
of analysis and effective control. For this,
reference currents are estimated with respect to
both the main and auxiliary inverters, in which
the former injects the real power and the latter
compensates the power in terms of reactive,
harmonics, and unbalances. PWM generates
switching pulses to control the output of
inverters.

2.2 Instantaneous Symmetrical

Component Theory

ISCT was developed primarily for
unbalanced and nonlinear load compensations
by active power filters. The system topology
shown in Fig.l is used for realizing the
reference current for the compensator. The
ISCT for load compensation is derived based
on the following three conditions (Tummuru et
al., 2014).

ix (abc)
©

Source

i@y | Unbalanced/
Non-linear

load

PCC
Vi (abe)
.
If (abe

Compensator

Fig. 1: Schematic of a Compensator
The source neutral current must be zero.
Therefore

isa—i_isb—i_isc:O (1)

The phase angle between the fundamental

positive sequence () voltage and source current
is (1) is ¢ N _

LViq = Llsg™ ?

)
The average real power of the load (PI)
should be supplied by the source
Vear Visa + Vepr Tisp + Veer Tisc=PL (3)
Solving the above three equations, the
reference source currents for 3 phase can be

obtained as:
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l-* :< 171.j-(abc)1 )P

s(abc) Zj=a,b,c17;]'2 L (4)

Where i* (a), i*(b), i*(c) positive
sequence of load currents drawn from source
,when it supplying an average load power
P, .The power (PL) can be calculated using a
moving average filter, employing a window of

one-cycle data points, as described below-
t1

PL= ftl _r (Vttzl lsq + U;izlisb + Ug‘clisc)dt (5)
where, t1 is any arbitrary time instant
Finally, the reference currents for the
compensator can be generated as follows:
I3 . I3
l =1 —1
f(abc) l(abc) ‘s(abc)
(6)

Equation (6) can be used to generate the
reference filter currents using ISCT, when the
entire load active power, PI is supplied by the
source and load compensation is performed by
a single inverter. A modification in the control
algorithm is required, when it is used for DVSI
scheme. The following section discusses the
formulation of control algorithm for DVSI
scheme. The source currents, i (b and filter
currents i, , will be equivalently represented
as grid currents i, and AVSI currents i, ),
respectively, in further sections.

2.3 abc — ap —dq transformation

Clarke Transformation: The Clarke
transformation is used to convert three-phase
quantities (abc) into two-phase stationary
quantities (af).

The Park transformation: It is also known
as the dq0 transformation and is used to
transform the two-phase stationary quantities
(af) into two-phase rotating quantities (dq).

The Clarke transform uses three-phase
currents i, i, and i, to calculate currents in
the two-phase orthogonal stator axis: i and
i, These two currents in the fixed coordinate
stator phase are transformed to the i, and i
currents components in the dg frame with the
Park transform .The PCC voltages in natural

reference frame (v, v, and v ) are first
ta th tc



transformed into dq0 reference frame as given

by:

Vta Vta]

[th =C| UV |.

Vto Ut (7)
Where,

sin  sin(@ —=) sin(8 + )]
C:\E cosf cos(f —ZT”) cos(6 +2?”)

1 1 1

I 7z i ®)

Transformed voltages in dq0 frame (v, and th)
contain average and oscillating components of
voltages. These can be represented as
Via = Via T Vta

)
(10)

Where, & represent the average components.
& indicate the oscillating components of v
and V. respectively. These dg components are
again converted into three phase quantities
(abc) (Schonardie et al., 2012).

2.4 Moving average filter

A moving average filter is a simple and
commonly used method for smoothing time-
series data or reducing noise in signals. It is a
type of low-pass filter that works by averaging
values within a moving window of a specified
size. The moving average helps to highlight
the underlying trends in the data by smoothing
out short-term fluctuations or random noise.
The output of the moving average filter is the
sequence of averaged values.
Moving Average Filter filters out the oscillating
components of the transformed voltages in dq0
frame leaving only the average component
behind. Hence, the equation becomes (Golestan
et al., 2014):

(11)
(12)

Vea = Vta
th = th
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Figure 2: Schematic diagram showing the
control strategy of a DVSI scheme

2.5 Sequence Analyzer

The Sequence Analyzer block takes a
three-phase signal (usually voltage) as the
input and outputs the magnitude and phase
of the positive, negative, or zero sequence.
The input signals are first converted to phasor
representation based on the base frequency
and harmonic specified in the block mask.
The block then transforms the phasor into a
sequence of components. A positive sequence
analyzer is often used in the context of power
systems analysis, particularly in three-phase
systems. The positive sequence refers to the
part of the signal or system that rotates in the
same direction as the original phasors. Positive
sequence analysis is important in power
system stability studies and fault analysis.
One common technique to extract the positive
sequence components from three-phase

(13)

quantities is to use the Clarke transformation
followed by a filtering process. For positive
sequence of PCC voltages (Kumar et al.,
2015), (Singh et al., 2011):
Vit Vtq
|-
vt 0
3. Control Methodology
3.1 MVSI Control Strategy and Reference
Current Generation
The DC-link voltage of the MVSI is
established at 650V. Employing an LR filter



with an inductance (L /in) of SmH and resistance
(R,) of 0.25Q, the MVSI delivers a balanced
sinusoidal current with a unity power factor.
This results in the absence of zero sequence
switching harmonics in the MVSI output
current, reducing the filter requirements in
comparison to AVSI. The MVSI controller
generates gate signals, utilized for switching
the MVSI inverter as depicted in the figure.
VI measurements are conducted to gauge
the inverter's output voltage and current. The
output is connected to the main grid using an
RL filter. Now the MVSI reference currents
vg—(abc)l

can be obtained as:
bugm™— (—E, V7 ) Fug (14)

Where, P, is the available power at the dc link

Fig. 3: Controller for MVSI

3.2 AVSI Control Strategy and

Reference Current Generation

The crucial elements of AVSI are DC
storage capacitors (C, and C,), and interfacing
inductance (L/.x). The DC-link voltage across
each capacitor is set at 1.6 times the peak of
the phase Voltage The total DC-link voltage
reference (V, ) is identified as /040 V, with
the values of C and C, chosen as 2000uF each.
The 1nterfacmg inductance (L f) is specified as
20mH, and the corresponding resistance (R ) is
0.25Q. The gate signal from the AVSI controller
is employed for switching the AVSI inverter,
as illustrated in the figure. VI measurements
are conducted to assess the inverter's output
voltage and current. The output is linked to the
Point of Common Coupling (PCC) through the
use of an RL filter (Iyer et al., 2005).

The auxiliary inverter requires a constant
dc-link voltage for proper operation. Variations
in the dc-link voltage are caused by switching

and ohmic losses, termed as P, and
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compensated by the grid. A PI controller is
used to generate P, _term as given by

‘PLoss = vaevdc + KITJ j‘ eudcdt (15)
Where, evdedmf -V, K, and K, are dc
voltage controller gains whose values are /0
and 0.05 respectively .V, represents actual
voltage sensed and updated once in a cycle
.AVSI reference currents can be obtained as
given

1’g—(n) 1

)(PL + Pross)

+2
Ut]

i;gxn:iln'(zj=a’bc
Where, n=a, b & ¢
Applying the KCL at PCC from fig.1 , we get

the reference grid current which is given by

(16)

i ( v
ga Simanc 1;+z

)(PL+PLDSS_PM.Q) (17)
The above equations are used to model
reference current generation block for AVSI as
shown in figure 4.

Fig. 4: Controller for AVSI
3.3 Overall System Modeling
The complete system comprising of grid
connected DVSI, controllers and loads is
modelled in matlab. The parameters used for
modelling is presented in Table 1. The overall

system model is shown in figure 5.
Table 1: System Parameter for Simulation Study

Parameters Values
Grid voltage 400 V (L-L)
Frequency 50 Hz
AVSI Lfx=20 mH , Rfx =0.25Q
MVSI L=5 mH , R =025Q & dc link

voltage =650 V

3 0 diode bridge rectifier with DC side
current of 3A

K =10&K,

Nonlinear load

PI
Gains

controller’s =0.05




4. Result and Discussion

The DVSI supplying non-linear load
is simulated in MATLAB with and without
ICT control strategy. Load is varied at 0.3
and 0.4 seconds by adding linear unbalanced
load to analyze frequency variation. THD is
also analyzed by using FFT tool in MATLAB
software. Voltage and current waveforms,
frequency waveform and harmonics distortions
are analyzed for various loads.

Fig. 5: Overall System Diagram
4.1 Voltage Waveforms and THD at PCC

Bmmm

Fundamental (S0Hz) = 320.6 , THD= 3.15%

Mag (% of Fundamental)

200 600

F}:;?uency (Hz)
Fig. 6a.Voltage at PCC without DVSI

Vpee

Fig. 6b.THD of Voltage at PCC without DVSI
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tal (S50HZ) = 239.3 . THD= 2.98%

800 900 1000

400 500 6O
Froquency (Hz)

Fig. 7a. Voltage at PCC with DVSI
Fig. 7b. THD of voltage at PCC with DVSI
Figure 6 represents the voltage analysis
of the system at the PCC before and after the
installation of a DVSI. Without DVSI, the
voltage waveform at the PCC is distorted as in
Figure 6a.The corresponding THD spectrum
depicted in Figure 6b is 3.16% showing a high
harmonic content in the voltage. Once the
DVSI is installed as per Figure 7a, the voltage
waveform at the PCC became regular and less
distorted. This is further confirmed by the
THD spectrum in Figure 7b showing a THD
of 2.98%. The reduced value of THD signifies
the improvement in power quality because of
the fact that a DVSI ensures better mitigation
of harmonics and better performance of the
overall system.
-
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Fig. 8a: Current Drawn by Nonlinear Load



Fig. 8b THD of Current at PCC without DVSI
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Fig. 9a. Grid Current at PCC with DVSI

Fig. 9b. THD of Current at PCC with DVSI

The figure 8a shows the current drawn
by non-linear load. Non-linear load causes
highly distorted current waveform in the
PCC, indicating a huge harmonic content. The
THD spectrum about this is shown in Figure
8b, which is very high at 28.37%, depicting
substantial harmonics in the current.

Indeed, Figure 9a highlights that,
after the implementation of the DVSI, the
current waveform at the PCC becomes much
smoother and more sinusoidal since most
of the distortions were eliminated. Such
improvement is confirmed also by the THD
spectrum shown in Figure 9b, where it appears
that the total harmonic distortion drastically
drops to 3.22%. This large reduction of THD
could be proof of the efficiency of the DVSI in
mitigating harmonics. Therefore, good quality
current became possible, based on which the
performance of the overall system was also
improved.

4.3 Frequency Waveform

Figure 10 depicts the grid frequency
stability, MVSI, AVSI, and load versus load
fluctuations caused by adding linear unbalanced
loads. In fact, Z, = 35 +j19 Q, Z, = 30 + j15
Q, and Z, =23 +jI2 Q) were added to the
circuit. These loads were added within the
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time of t, = (.3 seconds and t, = (.4 seconds,
within which time the frequency across these
components was observed. The overall system
frequency remained between 50 £ 0.5 Hz,
even with noticeable fluctuations in the MVSI,
AVSI, and especially in the load. Accordingly,
the frequency of the grid remained mostly
stable and the overall frequency stability was
well maintained by the DVSI system, meaning
this kind of unbalanced change in loads did not
badly affect the continuity of the operation.
The frequency of different parameter overlaps
that’s why it seems two graph but there is
overall system and there compression in single
graph.

Grid o

000000005|

9999099905 |-

Fig. 10. Frequency of Grid , MVSI, AVSI, Load

Respectively During Fluctuation of Load
5. Conclusion

The power system has evolved with
technological development and consideration
for the environment to increase in the use
of renewable energy sources, especially in
microgrids. For the improvement of power
quality in such an environment, a DVSI is used.
The two halves of the DVSI are a real-power-
injecting Main Voltage Source Inverter and an
compensating (reactive power, harmonics, and
unbalanced loads) Auxiliary Voltage Source
Inverter. With this approach, inverter capacity
utilization can be optimized with greater
system reliability at lower DC grid voltage
ratings and smaller filter size.

The operation of the DVSI in a grid-



connected mode is controlled through control
algorithms based on ISCT, which try to
mitigate power quality problems like voltage
regulation, harmonic distortion limitation, and
balanced grid currents. MATLAB modeling
justify that active power to the load is supplied
mainly by the MVSI, while reactive power
compensation, harmonics, and unbalanced
conditions are compensated by the AVSI. The
system uses a moving average filter to wipe
off the oscillating components and a sequence
analyzer for finding the positive sequence
voltage for reference current calculation. This
will ensure accurate and effective mitigation in
power quality.

The results show, through simulation, the
effectiveness of the DVSI scheme in microgrid
applications. The results have proven that
this scheme follows the IEEE standards with
regard to the THD and regulation of frequency,
hence always keeping the THD below 5%
(overall) The frequency is also always within
the standard value of 50 Hz, further verifying
the viability of the DVSI for power quality
improvement in microgrid applications.
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