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Today’s clean technologies related to microgrids are approaching towards the smart nanogrid system.
It fulfils the demand of the electricity throughout the world by proper using of renewable energy sources
and energy storage systems. Still, the microgrid (MG) power plant control has enriched to a level that it
will require complicated and smooth control in the grid interaction including distributed islanding opera-
tion. The load dynamics and uncertainties are the common issues which hampers the frequency, voltage
and power profile of the MG that is responsible to damage the load and power system. The design of robust
fuzzy logic controller (FLC) has been proposed in this research article to regulate the performances of
three-phase islanded MG. The performance of the proposed FLC has been examined under different load-
ing condition whose robustness has been evaluated under faulty condition. The investigated performances

of the MG ensure high tracking and robust performance of the proposed FLC.
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1. INTRODUCTION

Electricity generation systems all over the world are
largely dependent on fossil fuels like coal, diesel, and
natural gas. The increasing energy demands of modern
civilization are reducing fossil fuel reserves. Moreover,
the burning of fossil fuels produces a tremendous
amount of carbon dioxide, sulphur dioxide, and nitro-
gen dioxide, which are known as greenhouse gases
[1-4]. Therefore, to reduce the consumption of fossil
fuels as well as greenhouse gases and deliver proper
power to any location, the development of MGs has
been pursued [5-12]. Moreover, the dependency of the
world on MGs is promoting due to the developed relia-
bility, sustainability, and utility and lower required
investment of MGs [13-16].

When disturbances occur in the main grid, such as a
fault, contingencies, and voltage and power collapses,
the MG is decoupled from the utility grid and operates
in a standalone mode. This mode of operation is known
as islanded mode [17].

Wind or sun light is the prime mover for the MG to
generate energy whose variable nature is responsible to
deviate the performance of the MG. Again, load dynam-
ics, fault or uncertainties hamper the nominal opera-
tion of the MG [1-5].

Ref. [2] investigated the integration and control ap-
proach of single- and three-phase islanded MG by ac-
counting its voltage and current control. The design of
improved hierarchical control approach consisting of
primary, secondary and tertiary control loop has been
proposed to regulator the voltage and frequency of the
islanded MG [18]. Ref. [19] investigated the design of
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PID controller to stable the power and frequency devia-
tion of the islanded MG.

The aforementioned control approaches can regu-
late the performance of MG efficiently but the lower
bandwidth, phase- and gain margin are the limitations
of these controllers. The aim of this research article is
to design a high performance FL.C to enhance the volt-
age, current and power profile of the three-phase is-
landed MG. The usefulness of the FL.C has been inves-
tigated against load dynamics and uncertainties.

The remaining article is arranged as follows: system
modeling is discussed in Section 2 while Section 3 pro-
poses the control technique for MG. Performance anal-
ysis and conclusion is carried out in Section 4 and 5.

2. THREE-PHASE ISLANDED MICROGRID
DESIGN

2.1 Circuit Diagram for the Three-Phase
Islanded MG

The only basic control loop is also observed as volt-
age controller which preserves the trailing execution.
An error is produced by comparing the grid voltage
with the reference voltage to justify this voltage con-
trolling method. The developed error is fed to the volt-
age controller which generates reference inductor cur-
rent (I;). The current controller passes this excited
current flow that initiates the duty ratio «. By control-
ling this particular duty ratio &, improved and desired
trailing performances are ensured for the microgrid
systems against various load dynamics and harmonics.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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2.2 Governing Equations for Three-Phase
System

The 3-phase MG can be modeled based on Fig. 1 as

. T ap y _
Viabe = Lt % + Riliape + Vabe 2.1)

dlt ape Rt y 1~ 1~
—Labe = 2] pe + = Veape — =V, 2.2
0t L, feave ¥ 7 Veane = 7 Vave,  (2.2)
dvabc _ 1y
dt - C It,abc- (2'3)
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Converting (2.2) and (2.3) into dq frame, the dynam-
ical equations are expressed as follows:

dit_dq _ Ly Re ¥ 1 ~ 1 ~
o = J@deaq = Trag + 1 Veaq — 1 Vag 2-9)
dvd . ~ 1 v
7‘1 = —]a)onq + C_tIt'dq' (2.5)
The above equations can be written as
d ~ 1y
EVd = onq + C_tlt'd. (26)

Fig. 1 - Control structure of three-phase islanded MG
3. CONTROLLER DESIGN

d .1
E q = —OJDVd +C_tlt'q’ (27)

dy 1~ Ry Y 1~

ailea=—Va = lat @deg +-Vea, 2.8)

d y 1~ ¥ Ry y 1 ~

ac It,q: _L_tI/q + wolt'd _L_tlth +L_tVt'q. (2.9)

Now wusing (2.8) to (2.9), we consider Gp(s) =
Cp(sI — Ap)~'Bp + Dp, where

0 , L 0 | ~ _
o 0 0
-, 0 0 CL (1) 0
A, = ) P ", B, = - 0
- 0 st a)o tt
L, L, 0 i
O L a)o & - Ltt_
L L, L, |
1 000
C = and D =0,
p 01 00 P

where the state vector x = [Vd l7q Lia Ivt,q]T; input vector
u= [Vt,d Vt,q ]Tand the output vector y = [Vd l7q ]
Parameter values for three-phase MG has been insert-
ed in Table 1.

Table 1 — Three-phase microgrid parameters

Description Value
DC-bus voltage (Vy4.) 300V
Capacitive filter (C,) 15 uF

Inductive filter (L,) 2 mH
Line resistance (R,) 0.450

Consumer (R) 40 Q

Damping constant ({) 0.7
Resonant frequency (w,) 5700

The range for both the inputs (IN) is selected from
— 600 to 600. Also, the ranges for the three different
membership functions are shown in Fig. 2. The func-
tions are defined as mfl, mf2, mf3, respectively. Each
membership function has a range as
mfl [~ 600 — 450 — 300];
mf2 [~ 300 0 300];
mf3 [300 450 600].

The range for both the outputs (OT) is selected from
—2 to 2. Also, the ranges for the three different mem-
bership functions are shown in Fig. 3. The functions are
defined as mfl, mf2, mf3, respectively. Each member-
ship function has a range as,
mfl [-2-1.4-0.8];
mf2 [~ 0.8 0 0.8];
mf3 [0.8 1.4 2].

mf1 mf2 mf3

a5

00 00 -200 a 200 400 600

Fig. 2 - Triangular input membership functions of FLC for
Input 1 and Input 2

mf1 mf2 mf3

05

g

2 A5 - 45 o 05 1 15 2

Fig. 3 — Triangular output membership functions for Output 1
and Output 2
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Fig. 4 - IN and OT rule viewer

outputt

The rule editor window represents the assigned
rules in verbose form in Fig. 4. It shows the overall view
on how to set the rules efficiently. The conditions are:

Fig. 5 - FLC surface simulation
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Fig. 6 — Control of current (a), voltage (b), and power (c) for balance load
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Fig. 7 - Control of current (a), voltage (b), and power (c) for consumer load
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Fig. 9 — Control of current (a), voltage (b), and power (c) during fault condition for consumer load
The final IN and OT values are set at 0 and 1.77e- 4. PERFORMANCE EVALUATION
17 (approximately 0) in Fig. 5. The values of the IN and .
OT functions are set according to the predefined rules. Different types of load have been usgd .to exam the
The result produces the signal for controlling the volt- performance of the FLC approach. A re51stlve.load has
age as an outcome. been used to construct the balanced load having 3 kW

active power and 60 V phase-phase voltage which is
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switched on from ¢ = 0.3 s to 0.31 s. The performance of
the FLC under balanced load has been investigated in
Fig. 6 that ensures better performance of the controller.

Fig. 7 exhibits the controller performance against
consumer load that shows smooth performance. The
robustness analysis of the FLC controller has been
analyzed in this paper against faulty condition. A fault
is applied from ¢ = 0.36 s to 0.38 s. The proposed control
approach overcome this fault and stable the response
by minimizing the performance deviations as shown in
Fig. 8 and Fig. 9.
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KoHcTpykIlia KOHTposiepa HEYiTKOI JIOTIKY IJId yNPaBJIiHHA HAIIPYro0, 9aCTOTOI0, CTPYMOM Ta
MOTY3KHICTIO i30/IbOBAHOI MiKpoMepes ki Ha 0CHOBI Tpuda3Hol PO3MOaijIeH0] reHepaii

S.A. Dolal, J. Mondal2, A.A. Khandoker3, S. Shahriar3, M.D. Arifuzzaman4, F.R. Badal!,
N. Mondol?, S.K. Das!
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CBOTOHINIHI €KOJIOTIYHO YKMCTI TeXHOJIOTII, IOB'A3aHl 3 MIKpOMepeKaMu, HAOIMKAIOTLCA 10 PO3yMHOL
cucTeMu HaHOMepesk. BoHa 3a10BOJIBHSIE IIOMUT HA JIEKTPOEHEPTI0 Y BChOMY CBITI IIJITXOM HAJIEKHOTO BU-
KOPUCTAHHS BIJHOBJIIOBAHUX JIFKEPEJI eHepril Ta cucTeM HakonwueHHs eHeprii. [Ipore, ympasiiHHsS eJeKT-
POCTAHIIIEI0 3 BUKOPUCTAHHAM MIKPOMEpesk IePetIIIo HA PiBeHb, SKUH BUMAarae CKJIAIHOTO 1 IJIABHOTO KO-
HTPOJIIO Y B3a€MOJII1 3 Mepeskero, BKJIIOUAIOUN PO3IIOIJIEHY orepartito i3oJsarii. JIlunamika HaBaHTaMeHHS 1
TOXWOKHY € 3araJIbHUMU IIPo0JIeMaMu, 10 BILIMBAIOTH Ha IPOMIJIb YACTOTH, HAIPYTH TA MOTYKHOCTI MIKpPO-
Mepeski, KA € BiAMOBIJAIBHOI 3a MONIKOKeHHs HABAHTAYKEHHS TA CUCTEMHU €HEProroCTavYaHHs. ¥ CTaTTi
3aIPOIIOHOBAHO KOHCTPYKITIIO HAMIMHOr0 KouTposiepa HeuitTkol Jsorikn (FLC) miis perymoBanus xapakrepu-
CTUK TpudasHol 130JIb0BAHOI MIKpoMepeski. XapakrepucTuku 3ampornonoBanoro FLC mocaimkyBaim 3a pis-
HUX YMOB HABAHTA/KEHHs, HAMINHICTh SIKHMX OIIIHIOBAJIM y CTaHl HecmpaBHocTi. JlocmiryBaHl XapakTepuc-
THKYM MiKpOMepeski 3a0e3euyioTh BUCOKEe BIICTesKeHHs Ta HaiiHy pobory 3amporonosasoro FLC.

Knrouori ciosa: Yupasmiuus crpymom Tta noryskHictio, Kourposep neuirkoi soriku (FLC), IsonmoBana

MiKpoOMepesKa.
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