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Abstract— This paper describes Fuzzy logic controller dual voltage source inverter (DVSI) to enhance the reliability and power quality
of microgrid system. The reference currents for this scheme are produced by using ISCT (Instantaneous symmetrical component
theory).ISCT makes DVSI to operate in grid injecting and grid sharing modes. This scheme makes the microgrid to exchange power
generated by Distribution Energy Resources (DERs) and also to compensate the local unbalanced nonlinear loads. Fuzzy logic
controller (FLC) is used in this proposed scheme instead of Pl controller for the better quality of power. This proposed system topology
is modeled and simulated in MATLAB/SIMULINK environment.

Index Terms—. Fuzzy logic controller (FLC), Grid connected inverter, Instantaneous symmetrical component theory (ISCT).,

microgrid,powerquality

1. INTRODUCTION

The propagation of power electronic devices and
electrical loads with unbalanced and nonlinear currents
has degraded the power quality in the power distribution
network. Moreover, the voltage at the point of common
coupling (PCC) is distorted by the harmonic currents if
there is a considerable amount of feeder impedance in the
distribution systems [1]. EXisting method describes the
single inverter system with multi functional capabilities
that is it would facilitates the active power injection from
a local distribution energy resources(DERS) like solar
photo voltaic (PV) system and also operates as an active
power filter [2]. In the case of high insolation periods,
huge amount of reactive power is required to adjust the
voltage at the (PCC).But with the supply of active and
reactive power by only one single inverter either real
power injection or load compensation capabilities may
degraded [3]. This paper describes a DVSI scheme, in
which the power generated by the DERs is supplied as
real power by the main voltage source inverter (MVSI)
and the reactive, unbalanced and harmonic load
compensation is supported by auxiliary voltage source
inverter (AVSI).This proposed DVSI method will
increase the reliability and makes the better utilization of
power produced by distributed energy source.

Il. PROPOSED DVSI METHOD:

A. System Topology:

The proposed DVSI topology is shown in figl.As shown
in figl; Neutral point clamped (NPC) inverter works as
AVSI and three-leg inverter works as the MVSI [4].
These MVSI and AVSIs are connected at the PCC and
these are supplying the nonlinear and unbalanced load.
AVSI compensates the unbalanced, reactive and harmonic
components in the load currents.i,, iy , ic are load
currents in the three phases. iganc) denotes grid currents in
the three phases and i gx(anc), ipgm@ney denotes AVSI and
MVSI currents in the three phases respectively. At the dc
link of AVSI, Split capacitor topology is used with
capacitors C1 and C2.
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Fig.1. proposed Topology of DVSI scheme.

All Rights Reserved © 2017 IJEREEE 259



#+IFERP

connecting engineers... developing research

ISSN (Online) 2395-2717

International Journal of Engineering Research in Electrical and Electronic
Engineering (IJEREEE)
Vol 3, Issue 9, September 2017

The Power which is available at the DERs is supplied by
the MVSI. Distributed energy source is represented as the
DC voltage source in the figl. MVSI and AVSI are
connected at PCC through interfacing inductance.
Interfacing inductance value needed for AVSI is more
compared to interfacing inductance value needed by
MVSI. AVSI supplies unbalanced nonlinear currents but
MVSI supplies balanced and sinusoidal currents. Because
of switching operation of power electronic IGBT switches
high frequency components may be generated.
Interfacing inductances will eliminate these high
switching frequency components.

B. Designing of DVSI parameters:

1) AVSI: Designing method of split capacitor
DSTATCOM topology has been utilized for the AVSI
parameters  like  hysteresis  band(zxh,),dc  storage
capacitors(C4,C,), dc link voltage (V4) , interfacing
inductance(L)[5]. The dc-link voltage across each
capacitor is taken as 1.6 times the peak of phase voltage
and total dc-link voltage reference (V) is found to be
1040v.Based on the changing of Vg in the transient
periods the dc capacitor values of DVSI are chosen. Let
total rating of the load is SKVA. In the worst case, the
load power may fluctuate from 0 to SKVA. To maintain
the load power demand during transients the exchanging
of real power is needed by the AVSI. Capacitor voltage
deviation from its reference value may occur during
transients due to transfer of real power. Assume that the
voltage controller takes n cycles, i.e., nT seconds to act,
where T is the system time period. Hence, during
transients the maximum power exchange by AVSI will be
nST. This energy will be equal to change in the capacitor
stored energy. Therefore

% Cl (Vzdcr'vzdcl) =nST

Where Vg is dc reference voltage and V., is maximum
permissible dc-link voltage across capacitor C; during
transient.Here,S=5KV A,V y,=520V,V 34c1=0.8*V g

orl.2*Vy,, n=1 and T=0.02 s. By substituting above

values in(1),the dc-link capacitance (C,) is calculated to
be 2000uF. Same value of capacitor is chosen for C,.The
interfacing inductance is given as follows

1.6Vm

4hxfmax

Ly =

Assuming maximum switching frequency (fyn.x) as of 10
KHZ and hysteresis band (h,) as 5% of load current
(0.5A), then the value of Ly, is obtained is 26mH.

2) MVSI: The MVSI uses a three-leg inverter topology.
Dc-link voltage of MVSI is obtained as 1.15*V,,, where
Vi is the peak value of line voltage. This value of this
obtained is 648V. Balanced sinusoidal current at unity
power factor is supplied by MVSI. So the output current
of MVSI doesn’t contain zero sequence switching
harmonics. This makes the requirement of filter less for
MVSI as compared to AVSI [6]. In this analysis, a filter
inductance (L¢y,) of 5mH is used.

I1l. DVSI SCHEME CONTROL STRATEGY:

A. Fundamental voltage extraction: PCC voltages may
be distorted because of the presence of feeder impedance
in the system. Therefore, for the reference current
generation the fundamental positive sequence components
of the PCC voltages are extracted. To convert the
distorted PCC voltages to balanced sinusoidal voltages
dqgo transformation is used. The PCC voltages in natural
reference frame (v, Vi and vy) are first transformed into
dqO reference frame as follows,

Vtd Vta
Vtq|=C |Vtb| ------------ 3)
%440 Vic

Where

sinf sin(8 — z?n) sin(8 + 2?77)

C= \/§ cos@ cos(6 — 2?") cos(6 + 2?11:)
X 1 1
V2 V2 V2
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Modified synchronous reference frame (SRF) phase @ i (abe) PCC it tabe) Unbalanced
locked loop (PLL) is used to get® [7]. The schematic >~ Vidase] and moniincar
diagram of this PLL shown in fig2.In this PLL, the SRF i @bk

terminal voltage in g-axis (V) is Compensator

Fig3: Schematic of an unbalanced and non linear load

Vig = Aw .
e Compensatlon scheme.

Vi (abe)

PI controller

0 The ISCT for load compensation is derived based on the
Fig2 : schematic diagram of PLL following three conditions.
Compared with OV and the error voltage thus obtained is 1) The source neutral current must be zero. Therefore
given to the PI controller. The frequency deviation Aw is
then added to the reference frequency w, and finally given It I+l =0 e (6)

to the integrator to get 8. As PCC voltages are distorted,
the transformed voltages in dq0 frame (vi4 and vig) contain
average and oscillating components of voltages. These
can be represented as

2) The phase angle between the fundamental positive
sequence voltage (V,,;*) and source current (is;) is @

LVta1+ = £ isa + B T (7)

Via=Via+ Vi o Vig=Vig + Vig =ommmees “) 3) The average real power of the load (p;) should be

Where V4, Vi, represent the average components and Vg, supplied by the source

Vi represents oscillating components of V, and V, g ; e
tq p g P . W b Viar " lsa * Vepr Tisp + Ve Tise =y - (8)
respectively. Now the fundamental positive sequence of
PCC voltages in natural reference frame can be obtained Solving the above three equations, the reference source
with the help of inverse dg0 transformation. currents can be obtained as
Vear* Vtd
Vipr"| = CT | Vtq| =---mmmmev (5) i L BV Ve D)
sa—
VtC1+ 0 z:]'=a,b,CVt]'+2
These voltages Vit Vi1t Veer b are used in  the . P
. \ [ Vepa" +B(Veca” —Vear™)
reference current generation algorithms, so as to draw I 5= . ” p ©)
balanced sinusoidal currents from the grid. Jabev
B. Instantaneous symmetrical component Theory: The i = Veer V4B (Vear ™ —Veps ) D
schematic of system used for realizing the reference ¥ Zj—ab,cvy 2

current for the compensator is shown in below figure3 [8].
tan @

Where B= 7

the fundamental positive sequence of PCC voltage and
source current. To get unity power factor for source
current, substitute £=0 in equation (9). Thus the reference
source currents for three phases are given by

.The term @ is desired phase angle between
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- * _ Vt(abc)1+)
I s(abe) = 5 P
j=a,b,thj

Where i’ i s, 1 s are fundamental positive sequence of
load currents drawn from the source, when it is supplying
an average load power p;. The power P, can be computed
using a moving average filter with a window of one-cycle
data points as given below

1 pt1 . B .
Pr= 2] 4( Vear " liat Vipr "o+ Vier Tiie )dt - (11)
Where t; is any arbitrary time instant. Finally, the
reference currents for the compensator can be generated
as follows:

i flabc) — il(abc) - s(abc)

Equation (12) can be used to generate the reference filter
currents using ISCT, when the entire load active power, P,
is supplied by source and load compensation is performed
by a single inverter. The source currents, isan and filter
currents isan  Will be equivalently represented as grid
currents igane) and AVSI currents iugx(abc), respectively.

C. Control strategy of DVSI: Control strategy of DVSI is
developed in such a way that grid and MVSI together
share the active load power, and AVSI supplies rest of the
power components demanded by the load.

1) Reference current generation for AVSI:

The dc-link voltage of the AVSI should be maintained
constant for proper functioning of the auxiliary inverter.
DC-link voltage variation occurs in auxiliary inverter due
to its switching and ohmic losses. These losses expressed
as Py, must be supplied by the grid. An expression for
Pioss IS derived on the condition that average dc capacitor
current is zero to maintain a constant capacitor voltage
[8]. The deviation of average capacitor current from zero
will reflect as a change in capacitor voltage from a steady
state value. A PI controller is used to produce pjoss term as
given by

PIoss = va Evdc T KIv f evdcdt

Where eyqc=Vgeerf — Ve » Ve represents the actual voltage
sensed and updated once in a cycle. In the above equation,
Kpv and K,, represent the proportional gain and integral
gains of dc-link P1 controller, respectively.

Vo o Feeder impedance PCC ™
) R » Unbalanced and
"y > W - »
L. R i Yt bl i nonlinear lnads
= Grid e g g by ! fabe) il
R Vd Vi .
abe Moving [~ _ | dgo L
Ly dgft | Vig  |average filten Vg abe
A from T i

PLL

Instantaneous

Moving average | ¢! R
fﬁler S e |y
Main inverter Auxiliary imverter calculation

wilching pulses switching pulses
AT A o

Auxiliary inverter ‘W—

] reference currenl
Hysterisis band Hysterisis band calculation
feurrent controlle eurrent controller]

T i
[P )

Main inverter
reference current

calculation ‘—PH;

Fig: 4 Schematic diagram showing the control strategy of
proposed DVSI scheme

AVSI reference currents are obtained as given in equation
(14). Here, the dc-link voltage PI controller gains are
selected so as to ensure stability and better dynamic
response during load change [9].

g™ i | 22— ) (P Piss)
ugxa la 5 2 | loss,

j=ab,cVy;

* - +
I g = - (ZV“’—IZ) (Pr+ Pross) -=====-= (14)

j=a,b,th]-

. ] +
i pgxe = le= (%) (pit ploss)

j=a,b,thj +2
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2) Reference current generation for MVSI:

MVSI supplies balanced sinusoidal currents based on the
produced power at DER. If MVSI losses are neglected,
the power injected to grid will be equal to that available at
DER (p,g). The following equation, which is derived from
ISCT can be used to generate MVSI reference currents for
three phases (a, b, and c)

Lk _ [ Ve@bor®
lugm(abc)_<z enel 2) Pug (15)

j=a,b,th]- +

Where p,gq is the available power at the dc link of MVSI.
The reference currents obtained from (14) to (15) are
tracked by using hysteresis band current controller
(HBCC). HBCC schemes are based on a feedback loop.
Applying Kirchhoff’s current law (KCL) at the PCC in
Fig.4

illng = i|j — (igj + ipgmj)v for j:a, b, Cl====---- (16)

By using (14) and (16), an expression for reference grid
current in phase-a (iz,) can be obtained as

e (E—) (R R p— (17)

j=a,b,thj +

It can be observed that, if the quantity (p;+piess) iS greater
then p,g , the term[(pi+Piss)- Pug] Will be a positive
quantity, and iz, will be in phase with v¢,;.This operation
can be called as the grid supporting or grid sharing mode,
as the total load power demand is shared between the
main inverter and the grid. The term, pjss IS usually very
small compared to p,. on the other hand, if (p, + Poss) IS
less than pyg, then [(pi+Pioss)- Pugl Will be a negative
quantity, and hence iz, will be in phase opposition with
v, This mode of operation is called the grid injecting
mode, as the excess power is injected to grid.

IV. FUZZY LOGIC CONTROLLER:

To maintain the dc-link voltage constant Fuzzy logic
controller is used in this project. error in dc-link voltage
and change in dc-link voltages are the two inputs for the
Fuzzy logic controller in this project. Total harmonic
distortion values in the system are decreased by using
Fuzzy controller instead of using PI controller. The steps
involved in the whole process are Fuzzification, Inference
method and Defuzzification.

e/Ae NE ZE PE
NCE N N N
ZCE N z P
PCE P P P

Table 1: Fuzzy Rules Set

The above Table shows the different relations between the
two inputs of the FLC and the output. This table is called
the Rule Base of the FLC. Here NE,ZE,PE are negative,
zero, positive errors respectively and NCE,ZCE,PCE are
negative, zero, positive change in errors respectively and
N,P,Z are negative, positive, zero representations in
output. e,Ae are error and change in errors respectively.
The interference method used is the Mamdani method.
The defuzzification method used is the Centroid method.

V. SIMULATION RESULTS:

W%
A AAALALNA A AN

Fig5: Without DVSI scheme: (a) PCC voltages

Fig6: Without DVSI scheme (b) Fundamental positive
sequence of PCC voltages
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Fig7. Active power sharing: (a) load active power

Fig8. Active power sharing: (b) active power supplied by
grid

Fig9. Active power sharing: (c) active power supplied by

MVSI
Fig10. Active power sharing: (d) active power supplied
by AVSI

Figll. Reactive power sharing: (a) load reactive power

Figl12. Reactive power sharing: (b) reactive power
supplied by AVSI

Fig.13. Reactive power sharing: (c) reactive power
supplied by MVSI

Fig.14. Simulated performance of DVSI scheme: (a)
load currents

Fig.15. Simulated performance of DVSI scheme: (b)
grid currents

Fig.16. Simulated performance of DVSI scheme: (c)
MVSI currents

Fig.17. Simulated performance of DVSI scheme: (d)
AVSI currents
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Fig.18. Grid sharing and grid injecting modes of
operation: (a) PCC voltage and grid current (phase-a)

Fig.19. Grid sharing and grid injecting modes of
operation: (b) PCC voltage and MVSI current (phase-a).

Fig.20. DC-link voltage of AVSI
VI. FFT ANALYSIS:

FFT Analysis is done for different waveforms by using Pl
controller and Fuzzy logic controller in the system is as
given below. Total Harmonic Distortion (THD) is
decreased by using the Fuzzy Logic controller as
compared to PI controller.

Fundamental (50Hz) = 168 6 . THD= 6 06%

tag (% of Fundamental

a
3
2
1
o
o 200 400 600 800 1000

F

Fig:21(a) Harmonis spectrum of Grid Voltage with PI
controller in the system
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Fundamental (50H=) = 66.9 . THD= 2. 76%
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o o = ; N onow
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Frequency (Hz)

Fig: 21(b): Harmonic spectrum of Grid Voltage with
Fuzzy Logic Controller in the system

VII. THD COMPARISON WITH Pl AND FUZZY
LOGIC CONTROLLERS:

%THD comparison with Pl and Fuzzy controllers is
mentioned in below table. From this table we can observe
that by using Fuzzy controller instead of Pl controller the
Total Harmonic Distortion value decreased and Power
quality has improved.

Waveform %THD with Pl | %THD with
controller Fuzzy controller
Grid voltage 6.06 2.76
Grid current 2.71 1.36
Load current 43.47 22.55
Load voltage 1.40 0.24
MVSI current 0.32 0.03
AVSI current 14.03 13.96

Table 2: %THD comparison of waveforms with PI and
fuzzy controllers.

VIIl. CONCLUSION:

In this paper we have explored the grid connected dual
voltage source inverter with fuzzy logic controller to
exchange the power generated by Distributed Generators
(DGs) with Grid and also to compensate the local
unbalanced and nonlinear load. As compared to a single
inverter with multifunctional capabilities, a DVSI has
many advantages such as, more utilization of inverter
capacity to inject real power from DGs to microgrid and
as separate dc-link are provided for both inverters the
reliability of system increases because if one of those two
inverters may get failed, in that case another will operate
uninterruptedly.
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