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ABSTRACT: The paper focuses on a Dual-commutated voltage source Inverter (DVSI) connected to a grid in a wind
energy application. The proposed scheme is involved two inverters, which empowers the micro grid to trade power
created by the distributed energy resources (DERs) furthermore to compensate the nearby unbalanced and nonlinear
burden. The control calculations are produced taking into account instantaneous symmetrical component theory (ISCT)
to work DVSI in grid sharing and grid infusing modes. The proposed plan has expanded unwavering quality, lower data
transfer capacity necessity of the primary inverter, lower taken a toll because of diminishment in channel size, and
better use of micro grid power while utilizing lessened dc-link voltage rating for the fundamental inverter.

I. INTRODUCTION

The renewable energy sources are integrated to the network with Distributed Generation(DG). These DG units with co-
ordinate control of local generation and storage facilities form a microgrid. In microgrid, power from various renewable
sources are interfaced with grid and loads using power electronic converters. A microgrid inverter is used to exchange
the power from microgrid to the grid and connected load. This microgrid inverter can be operated in grid sharing mode
for supplying a part of local load, and in grid injecting mode for injecting power to main grid. In general the unbalanced
load causes low voltage on one leg, power delivery problems and resistance breakdown problems inside the motor or
system.If there is a considerable amount of feeder impedance in the distribution systems, the propagation of the
harmonic currents distorts the voltage at the point of common coupling (PCC). Industry automation has reached to a
very high level of comfortable, plants like auto mobiles manufacturing units, chemical factories, and semiconductor
industries required accurate power. The microgrid inverter is used foractive power injection as well as for load
compensation; the inverter capacity that can be used for fulfilling the second task is decided by the available
instantaneous microgrid real power.

Consider an example of a grid-connected PV inverter, the available capacity of the inverter to supply the reactive power
becomes less during the maximum solar insolation periods. At the same instant, the reactive power to regulate the PCC
voltage is very much needed during this period. It indicates that providing multi functionalities in a single inverter
degrades either the real power injection or the load compensation capabilities. This paper describes a dual voltage
source inverter (DVSI) scheme, in which the power generated by the microgrid is injected as real power by the main
voltage source inverter (MVSI) and the reactive, harmonic, and unbalanced load compensation is performed by
auxiliary voltage source inverter (AVSI). This has an advantage that the rated capacity of MVSI can always be used to
inject real power to the grid, if sufficient renewable power is available at the dc link. In the DVSI scheme, as total load
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power is supplied by two inverters, power losses across the semiconductor switches of each inverter are reduced. This
increases its reliability as compared to a single inverter with multifunctional capabilities. Also, smaller size modular
inverters can operate at high switching frequencies with a reduced size of interfacing inductor, the filter cost gets
reduced. The inverters in the proposed scheme use two separate dc links. Since the auxiliary inverter is supplying zero
sequence of load current, a three-phase three-leg inverter topology with a single dc storage capacitor can be used for the
main inverter. This in turn reduces the dc-link voltage requirement of the main inverter. Thus, the use of two separate
inverters in the proposed DVSI scheme provides increased reliability, better utilization of microgrid power, reduced dc
grid voltage rating, less bandwidth requirement of the main inverter, and reduced filter size. Control algorithms are
developed by instantaneous symmetrical component theory (ISCT) to operate DVSI in grid-connected mode, while
considering nonstiff grid voltage. The extraction of fundamental positive sequence of PCC voltage is done by dq0
transformation.

Il. EXISTING METHOD

The existing method describes the power quality is an important aspect which has to be addressed while the micro-
grid system is connected to the main grid Load compensation and power injection using grid interactive inverters in
microgrid have been presented in the literature single inverter system with power quality enhancement is discussed.
The main focus of this work is to realize dual functionalities in an inverter that would provide the active power
injection from a solar PV system and also works as an active power filter, compensating unbalances and the reactive
power required by other loads connected to the system.

I111. PROPOSED METHOD

The proposed method describes a voltage regulation and power flow control scheme for a wind energy system (WES)
is proposed. A distribution static compensator (DSTATCOM) is utilized for voltage regulation and also for active
power injection. The control scheme maintains the power balance at the grid terminal during the wind variations using
sliding mode control This paper demonstrates a dual voltage source inverter (DVSI) scheme, in which the power
generated by the microgrid is injected as real power by the main voltage source inverter (MVSI) and the reactive,
harmonic, and unbalanced load compensation is performed by auxiliary voltage source inverter (AVSI).

IV. DUAL VOLTAGE SOURCE INVERTER

A. System Topology

This paper exhibits a double voltage source inverter (DVSI) plan, in which the power produced by the micro grid is
infused as genuine Power by the fundamental voltage source inverter (MVSI) and the reactive, harmonic, and
unbalanced load pay

is performed by helper voltage source inverter (AVSI). This has favorable position that the evaluated limit of MVSI can
simply be utilized to infuse genuine energy to the system, if adequate renewable Power is accessible at the dc link. In
the DVSI plan, as total load power is supplied by two inverters, power losses over the semiconductor switches of every
inverter are lessened. This expands its unwavering quality when contrasted with a solitary inverter with multifunctional
abilities. Additionally, littler size secluded inverters can work at high exchanging frequencies with a decreased size of
interfacing inductor, the channel cost gets decreased. In addition, as the principle inverter is supplying real power, the
inverter needs to track the basic positive arrangement of current. This decreases the data transfer capacity necessity of
the principle inverter.

The inverters in the proposed plan use two separate dc links. Since the helper inverter is supplying zero succession of
load current, a three-stage three-leg inverter topology with a solitary dc stockpiling capacitor can be utilized for the
fundamental inverter. This thusly diminishes the dc-join voltage prerequisite of the fundamental inverter. Thus the
powers produced from these sources utilize a power conditioning stage before it is associated to the contribution of
MVSI. In this study, DER is being spoken to as a dc source. An inductor channel is utilized to take out the high-
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frequency switching parts created due to the switching of power electronic switches in the inverters. The system
considered in this study is accepted to have some measure of feeder resistance Rg and inductance Lg. Due to the
nearness of this feeder impedance, PCC voltage is influenced with sounds.
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Fig. 1. Topology of proposed DVSI scheme.
Strategy for the reference current generation of two inverters in DVSI scheme.

B. Design of DVSI Parameters

1) AVSI: The vital parameters of AVSI like dc-connection voltage (Vdc), dc storage capacitors (C1 and C2),
interfacing inductance (Lfx), and hysteresis band (xhx) are chosen based on the outline technique for split capacitor
DSTATCOM topology. The dc-link voltage over every capacitor is taken as 1.6 times the top of stage voltage. The
total dc-link voltage Reference (Vdcref) is observed to be 1040 V.

Estimations of dc capacitors of AVSI are picked taking into account the change in dc-link voltage during transients. Let
complete load rating is S kVA. In the most pessimistic scenario, the load power may shift from least to most extreme,
i.e., from 0 to S kVA. AVSI needs to trade real power during transient to keep up the load power request. This transfer
of real power during the transient will bring about deviation of capacitor voltage from its reference value. Accept
that the voltage controller takes n cycles, i.e., nT seconds to act, where T is the system day and age. Consequently, most
extreme energy trade by AVSI during transient will be nST. This energy will be equivalent to change in the capacitor
put away energy. Accordingly

<1
r i

) =n8T (1)
Where Vdcr and Vdcl are the reference dc voltage and maximum permissible dc voltage across C1 during transient,
respectively. Here, S =5 kVA, Vdcr = 520 V, Vdcl = 0.8 Vdcr or 1.2 Vdcr, n =1, and T = 0.02 s. Substituting these

values in (1), the dc link capacitance (C1) is calculated to be 2000 uF. Same value of capacitance is selected for C2.
The interfacing inductance is given by

der dcl
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C. Advantages of the DVSI Scheme
The different preferences of the proposed DVSI plan over a single inverter plan with multifunctional capacities are
examined here as takes after:

1) Increased Reliability: DVSI plan has expanded dependability, because of the decrease in disappointment rate of
segments and the decrease in system down time cost. In this plan, the all out load current is shared amongst AVSI and
MVSI and henceforth diminishes the disappointment rate of inverter switches. In addition, in the event that one inverter

(2)
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comes up short, the other can proceed with its operation. This decreases the lost energy and subsequently the down time
cost. The lessening in system down time cost enhances the unwavering quality.

2) Reduction in Filter Size: In DVSI plan, the current supplied by every inverter is decreased and thus the present
rating of individual channel inductor decreases. This decrease in current rating decreases the channel size. Additionally,
in this plan, hysteresis current control is utilized to track the inverter reference currents. As given in (2), the channel
inductance is chosen by the inverter switching frequency. Since the lower current evaluated semiconductor device can
be exchanged at higher switching frequency, the inductance of the channel can be brought down. This decrease in
inductance further diminishes the channel size.

3) Improved Flexibility: Both the inverters are nourished from separate dc links which permit them to work freely,
consequently expanding the adaptability of the system. Case in point, if the dc connection of the principle inverter is
detached from the system, the load pay ability of the assistant inverter can in any case be used.

4) Better Utilization of Micro grid Power: DVSI plan uses full limit of MVSI to exchange the whole power produced
by DG units as real power to ac bus, as there is AVSI for symphonious and responsive Power remuneration. This builds
the active power infusion ability of DGs in micro grid.

5) Reduced DC-Link Voltage Rating: Since, MVSI is most certainly not conveying zero succession load current
parts; a solitary capacitor three-leg VSI topology can be utilized. In this way, the dc link voltage rating of MVSI is
decreased around by 38%, when contrasted with a single inverter system with split capacitor VSI topology.

V. CONTROL STRATEGY FOR DVSI SCHEME

A. Fundamental Voltage Extraction

The control calculation for reference current generation using ISCT requires adjusted sinusoidal PCC voltages. As a
result of the nearness of feeder impedance, PCC voltages are misshaped. In this manner, the key positive grouping
segments of the PCC voltages are separated for the reference current generation. To change over the mutilated PCC
voltages to balanced

lll il
M{aht' il :

Ml controller

0l

Fig. 2. Schematic diagram of PLL.

Sinusoidal voltages, dg0 transformation are used. The PCC voltages in natural reference frame (vta, vtb, and vtc) are
first transformed into dqO reference frame as given by

Vid Uta

Uig =& Ut (3)
Ui Ug,
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So as to get 0, an altered synchronous reference outline (SRF) phase locked loop (PLL) is utilized. The schematic
outline of this PLL is appeared in Fig. 2. It for the most part comprises of a proportional integral (PI) controller and an
integrator. In this PLL, the SRF terminal voltage in g-pivot (vtq) is contrasted and 0 V what's more, the mistake voltage
in this way got is given to the PI controller. The recurrence deviation Ao is then added to the reference recurrence ©0
lastly given to the integrator to get 0. It can be demonstrated that, when, 6 = ©0 t and by utilizing the Park's change
system(C), g-pivot voltage in dgO0 outline gets to be zero and thus the PLL will be bolted to the reference frequency
(00). As PCC voltages are mutilated, the changed voltages in dq0 outline (vtd and vtq) contain normal and wavering
segments of voltages. These can be spoken to as

Ud =Tt + Uid; Vig =Tt + Uy (4)

Where vtd and vtq speak to the normal segments of vtd and vtq, separately. The terms Utd and Ut show the swaying
segments of vtd and vtq, separately. Presently the principal positive sequence of PCC voltages in normal reference
frame can be acquired with the assistance of opposite dq0 change as given by

J Al ET

tal td
trl.l__; == C'rT Ty g |- (5)
vty 0

These voltages v+ tal, v+ thl, and v+ tcl are utilized as a part of the reference current generation calculations, in order
to draw adjusted sinusoidal currents from the grid.

B. Instantaneous Symmetrical Component Theory

ISCT was produced basically for unbalanced and nonlinear load pay by active power filters. The system topology
appeared in Fig. 3 is utilized for understanding the reference current for the compensator. The ISCT for load
compensation is inferred in light of the accompanying three conditions.

L fabe) Por ltjube) | Unhalanced
Ny ) S 3 i
AT % and nonlinear
I
|nad

Source A

jf fabe,
Compensator

Fig 3: system Topology
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1) The source neutral current must be zero. Therefore
fsa + ish + 1se = 0. (6)

2) The phase angle between the fundamental positive sequence voltage (v+ tal) and source current (isa) is ¢
LUy = Liga+ . (7

3) The average real power of the load (PI) should be supplied by the source

Uptica+ Uy i+ Uiy ise =P (@)

Solving the above three equations, the reference source currents can be obtained as

L Gt o
% Vig1 + "-h-.t!'hl — Yeer) P
Lo — — e [
L aij=a.b,c L ]

ity = (!IFJ + Blvea __221:') P 9)
Z‘_‘I‘ —a.be Ut 3
ih — ("H-: + B{vias 84 ;-a-'r_n ]) P
E_f-:u B Vi
2 _ tang
Where v2 _the term ¢ is the desired phase angle between the fundamental positive sequence of PCC voltage and

source current. To achieve unity power factor for source current, substitute § = Qin (9). Thus, the reference source
currents for three phases are given by

. tIl‘_l:-ir'Jc.-H
I:iabr': = (ﬁ) P, (10}

Laij=abe II_J'

Where i* sa, i* sh, and i* sc are principal positive succession of load streams drawn from the source, when it is
supplying a normal load power PI. The Power PI can be processed utilizing a moving normal channel with a window of
one-cycle information focuses as given below

1

t
Jn; = F / l{?.‘!a;"; ?-Iu + !"#+I.-1 ?..'b + Ilft'l ?'lr,.]t’it (11)
H-T

Where t1 is any arbitrary time instant. Finally, the reference currents for the compensator can be generated as follows:

o o L 5
vt (abe) = M {abe) = Ly (abe)- (12)

Equation (12) can be utilized to produce the reference channel currents utilizing ISCT, when the whole load active
power, Pl is supplied by the source and load pay is performed by a solitary inverter. A change in the control calculation
is required, when it is utilized for DVSI plan. The accompanying area talks about the detailing of control calculation for
DVSI plan.
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C. Control Strategy of DVSI

Control system of DVSI is produced in a manner that grid and MVSI together share the active load power, and AVSI
supplies rest of the power segments requested by the load.

1) Reference Current Generation for Auxiliary Inverter:

The dc-link voltage of the AVSI ought to be looked after steady for appropriate operation of the helper inverter. DC-
link voltage variety happens in helper inverter because of its switching and ohmic losses. These losses termed as Ploss
ought to likewise be supplied by the lattice. An expression for Ploss is inferred on the condition that normal dc
capacitor current is zero to keep up a steady capacitor voltage. The deviation of normal capacitor current from zero will
reflect as an adjustment in capacitor voltage from a steady state value. A PI controller is utilized to produce Ploss term
as given by

Plnsa-' — Kf‘!' Eude T KI!' [ﬁr'nh'”lf (13)

Where evdc = Vdcref — vdc, vdc speaks to the genuine voltage detected and upgraded once in a cycle. In the above
condition, KPv furthermore, Klv speak to the relative and vital increases of dc-connection PI controller, separately. The
Ploss expression hence got ought to be supplied by the lattice, and hence AVSI reference currents can be gotten as
given in (14). Here, the dc-link voltage PI controller additions are chosen in order to guarantee soundness and better
dynamic reaction during load change.

Yy
e . tal f 3
lyigra = Ha — ( +2) (P + Flow)
Ej.—-a.b.c E".‘_,l

!‘,I'
j:gg_\!‘_\: 1t — (ﬁ) (P + Boss) (14,

Lvij=ab.e Ff_."

+
)
ik W tel [y =) 3
"'g;:;:?-c. = %e — (ﬁ) \-'rn' + I'_(.,,-H].
2 ai—ab.e Vej

2) Reference Current Generation for Main Inverter:

The MVSI supplies adjusted sinusoidal currents in view of the available renewable power at DER. On the off chance
that MVSI misfortunes are dismissed, the Power infused to framework will be equivalent to that accessible at DER
(Pug). The accompanying condition, which is gotten from ISCT can be utilized to produce MVSI reference currents for
three phases (a, b, and ¢)

U 1
lli* s -{l, .]!-'l.’.‘.'. : !r'l:“ i E ]5}

pgm|abe) 42

Laj=ab.e ‘r'!j

Where Pug is the accessible power at the dc connection of MVSI. The reference currents acquired from (14) to (15) are
followed by utilizing hysteresis band current controller (HBCC). HBCC plans depend on an input loop, generally with
a two-level
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Fig. 4. Schematic diagram showing the control strategy of proposed DVSI scheme.

Comparator. This controller has the advantage of peak current constraining limit, good dynamic response, and
straightforwardness in usage. A hysteresis controller is a high-increase corresponding controller. This controller
includes certain phase lag in the operation in view of the hysteresis band and won't make the system temperamental.
Likewise, the proposed DVSI plan utilizes a initially arrange inductor channel which retains the closed-loop system
strength. The whole control procedure is schematically spoken to in Fig. 4. Applying Kirchhoff’s present law (KCL) at
the PCC in Fig. 4

?pgrj:fl!}"lléﬂj"|'?'wn}-]: fD[j:ﬂ}fJ.(;_ (1)

By using (14) and (16), an expression for reference grid current in phase-a

i;u = (!r—dllg) ’ij + Ross) - P,uy]w (17

j;-;g,b,r- E‘.'Jl

(2* ) .
21’ can be obtained as

It can be watched that, if the amount (Pl + Ploss) is greater than Pug, the term [(Pl + Ploss) — Ppg] will be a positive
amount, what's more, i* ga will be in stage with v+ tal. This operation can be called as the system supporting or lattice
sharing mode, as the aggregate load power interest is shared between the principle inverter and the system. The term,
Ploss is generally little contrasted with P1. Then again, if (Pl + Ploss) is not exactly Pug, then [(P1 + Ploss) — Pug] will
be a negative amount, and consequently ix ga will be in phase restriction with v+ tal. This method of operation is
called the network infusing mode, as the excess power is injected to grid.
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VI. SIMULATION RESULTS

Fig. 5. Without DVSI scheme: (b) fundamental positive sequence of PCC voltages.

Fig. 6. Active power sharing: (a) load active power;
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Fig. 6. Active power sharing: ) active power supplied by grid;

Fig. 6. Active power sharing: (c) active power supplied by MVSI;

Fig. 6. Active power sharing: (d) active power supplied by AVSI.
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Fig. 7. Reactive power sharing: (a) load reactive power

Fig. 7. Reactive power sharing: (b) reactive power supplied by AVSI;

Fig. 7. Reactive power sharing: (c) reactive power supplied by MVSI.
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Fig. 8. Simulated performance of DVSI scheme: (c) MVSI currents;
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Fig. 8. Simulatederformane of DVSI scheme: (d) AVSI currents.

Fig. 9. Grid sharing and grid injecting modes of operation: (a) PCC voltage and grid current (phase-a).

Fig. 9. Grid sharing and grid injecting modes of operation: (b) PCC voltage and MVSI current (phase-a).
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Fig. 10. DC-link voltage of AVSI
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Fig. 12: With FUZZY controller-Gird Current THD = 1.57%
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VII. CONCLUSION

A DVSI plan is proposed for micro grid systems with upgraded power quality. Control calculations are produced to
create reference streams for DVSI utilizing ISCT. The proposed plan has the ability to trade power from disseminated
generators (DGs) furthermore to repay the nearby unequal also, nonlinear load. The execution of the proposed plan has
been approved through recreation and test thinks about. When contrasted with a single inverter with multifunctional
capacities, a DVSI has numerous favorable circumstances, for example, expanded unwavering quality, lower cost
because of the decrease in channel size, and more usage of inverter ability to infuse real power from DGs to micro grid.
In addition, the utilization of three-phase, three wire topology for the primary inverter lessens the dc-link voltage
necessity. Therefore, a DVSI plan is a reasonable interfacing alternative for micro grid supplying sensitive loads.
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