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Performance analysis of Tripartite Smart controllers for islanded Micro grid
*Aniruddha Bhattacharya , Madhusudan Singh,
Abstract: This paper presents implementation of control

Keywords: Tripartite Control Technique (TCT), VI

method for dual control of VIC (Voltage and Current

controller, SLC controller, Power Sharing controller

control) and Power sharing coupled with Demand

(PSC), VIC-PSC, Distributed Energy Resources (DER)

Response for the islanded microgrid. These three
controller viz VI controller (VIC), Power sharing
controller(PSC) and smart load controller(SLC) while
acting in unison can able to maintain long layoff from
the connection requirement of the main grid. The paper
uses state space inverter based generator model with
close loop VIC and PSC will enhance microgrid stability
and transient response where smart load controller which
uses state space model for voltage ,current and PLL units
to estimate reserve power available from smart load for
better voltage and frequency regulation. VIC-PSC will
also assist the microgrid for smooth disconnection of
microgrid from main grid while SLC will use its point of
load voltage control for smooth islanding of microgrid.
This control technique henceforth called tripartite control
technique (TCT), compared with classical controller
connected to microgrid in maintaining frequency, voltage
with power sharing of the inverter driven by renewable
generator.

This

paper

investigate

the

operation

performance issues of test Microgrid with TCT.
Simulation results indicate close approximation with
experimental results

1 Introduction: The U.S. Department of Energy (DOE)
defines a microgrid as “a group of interconnected loads
and distributed energy resources within clearly defined
electrical boundaries that acts as a single controllable
entity with respect to the grid. A microgrid can connect
and disconnect from the grid to enable it to operate in
both grid-connected or island-mode". The major
challenges of microgrid faces during islanding is lack of
standard voltage , frequency and phase contrary to grid
connection where inertial factor do come to the rescue of
control scheme meant for achieving power quality. The
proportion of power electronic devices is expected to
increase in future like inverter interfaced distributed
generators (DGs). It will present significant challenge in
maintaining power quality in the microgrid. VI control as
primary control with highest bandwidth followed by
PSC/PQ(DER Power Sharing control)

as secondary

control may be enough to maintain power quality barring
severe contingences like sudden DER loss where tertiary
control of demand response with point of Load voltage
control with SLC[8] . Thus it produces additional power
reserve for droop control mechanism and power tracking
for frequency and phase restoration With more non-
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linear capacitive loads getting connected to distribution

previously. However, in the majority of these studies [4],

network this situation will going to worse, as shown in

[5], [6], the active load along with the noncritical loads

[1][3], where impedance measurements were carried out

are represented as controllable current or power sources.

in the residential distribution network. Resonance at low

Vector control of DG inverters and active loads is

frequencies will result in rise in harmonic voltages which

commonly used for Stability studies. To make use of the

may lead to unstable operation of DG inverters. Stability

standard analysis techniques already existing, it is

analysis of distribution networks with inverter connected

important to develop vector control of active loads which

DGs is an active area of research. It is important to study

will make it easier to integrate into the stability model of

the control loop dynamics of the different inverters and

the distribution network with other power electronic

their interaction with other power electronic devices

devices. An overview of the various control schemes

connected to the network. In [2], a transfer function

proposed so far in the literature for SLQ and SLBC type

based stability analysis has been proposed to characterize

smart loads is presented in [8][9][10]. While vector

the dynamics of the interconnected feedback loops in the

control of SLBC is very similar to DVR control and has

system. Different case studies have been formulated to

already been proposed in [22], dq control scheme for

evaluate distribution network stability when subjected to

SLQ is more challenging and is the focus of this paper.

frequency, load and power set-point disturbances. In [2],

The dynamic modelling of SLQ has previously been

stability analysis has been carried out for a microgrid

presented in [23].However, the control scheme is not

having active loads connected in parallel to DG inverters.

based on dq framework. Hence, the tuning of the

Through linearised state space analysis, it has been

controller gains, unlike vector control, are not based on

shown that active loads (constant power behavior)

analytical methods. Moreover, it lacks a inner current

having control loop dynamics in a similar frequency

control loop which is necessary for limiting the inverter

range to the DG inverters may lead to degradation of the

current within safe limits. Further, a state-space model of

damping of the network. Further, through participation

SLQ is reported in [23] based on the dynamic model in

analysis of system eigenvalues, it was identified that the

[24]. However, it is not compatible with the standard

low frequency modes are associated with the DG inverter

modelling framework for power quality analysis and

droop control and the voltage controller of the active

does not analyse the impact of change in distribution

loads. Similar studies have also been presented in

network parameters and power references for tracking

[3].The operation of multiple active load for the purpose

due to sudden loss of DER[15][16][17] The absence of

of voltage and/or frequency regulation has been studied

vector control and a linearized state space model for
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reliability analysis through three stage hierarchical

circuit considered for the islanded microgrid model is

(primary , secondary and tertiary) control has motivated

shown in Fig. 1. Although, many types of loads may

the work. Furthermore due to the fundamental difference

exist in microgrids, the load is selected to be an smart

in principle of operation of synchronous generators

load which uses point of Load voltage control which

(SGs) and power electronic interfaced NSGs(non

permits controlling the power consumption of an

synchronous generator), the contribution to system

aggregate

strength in terms of short circuit level depends on the

dependency) instead of using just thermostatic loads for

technology employed and is, in general, lower than

Demand response (DR) because it is the most common

SGs[17][18][19]. This can lead to wider voltage

type of load found in residential and industrial

variations during a disturbance and threaten system

environments. It can provide independent control of

reliability. To support system inertia and stabilize grid

active and reactive compensation which allows it to

frequency and nodal voltages in case of a large

Operate in all the four quadrants. Distributed control of

disturbance, collective participation of loads (demand

voltage using Point of Load (PoL) Voltage regulator

response) will increasingly play an important role in

does not rely on communication infrastructure and is

maintaining the reliability of the microgrid[20[21]

able to take decisions (amount of DR to be exercised)

2. Novel open-loop state-space model of an inverter-

based on local measurements. d-q state models of the

based generator that includes V-I and power sharing

Load may also be obtained and integrated with the

dynamics with demand response control

microgrid model for performance evaluation of islanded

The proposed model for this research is obtained in two

microgrid.

stages. First, the model of each inverter connected to the

3. d-q model of microgrid

load

(which

exhibits

certain

voltage

main grid is used to describe dynamics in grid-connected
mode. This model is also used to develop the proposed
control strategy. Then, the models of all inverters are
integrated in a single state-space model to describe
microgrid dynamics in islanded mode[3][4]. The
islanded microgrid model was used to assess stability
and robustness of the proposed controller in islanded
mode. For grid-connected mode, the state-space model

Fig 1 Complete islanded microgrid scheme with an

must be used for each generator individually[5][6]. The

voltage controlled Load (PoL type)
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To obtain the complete microgrid- Load model in

phase. However, it must be transformed to the dq frame

islanded mode, the model for one phase of each inverter

using (3).

using (2) must be computed. Then,

must be defined in

terms of the output currents and load components as

The state-space model (3) is obtained using the dq

follows:

transformation [3]. The dq transformation is performed
by assuming a constant angular frequency

=

+

, which

corresponds to the nominal angular frequency of the

(1)

main grid.
where

=Σ

=1 with

representing the number

of generators. A complete microgrid model is obtained
by substituting

̇=

+ B1dq Edq + B2dq Vdq

(3)

from (1) into the model of each inverter

and combining two models of generators with a smart
PoL voltage controlled load, the microgrid model in

0
−
⎛
−1/
⎜
⎜ 0
1/
⎝ 0

Adq =

islanded mode for one phase is given by (2).

⎛
⎜
⎜
⎝

0
⎛−
1
⎜
1
⎜
1⎞ ⎜
=
⎟
2⎟ ⎜ 0
⎜
2
2⎠ ⎜ 0
⎝−

−
0

0

0

−

0

0

0

0

0

−

0

0

0

0

0

0

−

0

0

−
−

−

0

0

0

⎞
⎟
⎟
⎟
⎟
⎟
⎟

⎛
⎜
⎜
⎝

0 0
1
⎡
⎤
0⎥
1
⎢
⎞
⎢0
1
0⎥
⎟ + ⎢
2⎟
0 0⎥
⎢
⎥
2
⎢0
⎥
2⎠
⎣0 0⎦

1
2

⎛
X =⎜
⎜

⎞
⎟
⎟

⎝

⎠

1/

0
0
⎛
B1dq =⎜
⎜
⎜0
0
⎝0

1/
0
0
−
0
0

0
1/

−1/
0
0
0
0
−

0
0
0

0
0
⎞
0⎟
⎟ Edq =
⎟
0
0⎠

that
1+

2)+

1

2,
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The dq frame is synchronized with

= (
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−1/
⎞
0 ⎟
0 ⎟

⎠

⎠

(2)

where

0
0
−1/

1= +

1,

and

2=

+

2.

from (1) into each

generator model yields to a linear system with the

=[ ̅ 0] , where

̅

by using a PLL so

represents the nominal

voltage peak amplitude of the main grid[7]. Thus, the
output of the state-space model is used to represent the
active and reactive power received by

as follows:

differential equations for the output currents as shown in
(2). Combining the solution of each of the model of each
=

(

)

+

inverter, the complete microgrid model (2) for
(5)
inverters may be obtained. The model in (2) is for each
= (
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=

+

B

Formulating the model in the dq frame as in (3) allows
computing the power injected from

to

by

Where ̅ ,

̅1

, and

are the discrete-time state,

input, and output matrices in

applying the superposition principle[10]
4. Integrated PQVI Controller
The discrete-time TCT controller optimization problem

the dq frame, respectively. The control law is given by:

defines a cost function that weighs the sum of squares of
the system input

[ ] and the output error e[ ] = y[ ]

− r[ ]. The discrete TCT controller cost function is given
by [2], [3][4]:

=

( 0) = ∑

[k]Qp e[k] + EdqT [k] Rp Edq [k])

(

)

̇ [ ]+

υ = [1 – ( Adq – B1dqKd) ]

CT Qp

− 1

V[k+1] =

(6)
Where

+

is

a

symmetric

[ ]

positive-semi-definite
V[k+1] = V[k}

weighting matrix and

is a symmetric positive-definite

weighting matrix. The control scheme of the TCT
controller is shown in Fig. 2.

R(z) =

-

+

Where ( )=Ζ{ [ ]}, with Ζ{∙} being the z-transform.
Terms

and

represent the measured power injected to

the common bus in islanded mode. An integrator with a
Fig No. 2 Control scheme for the TCT controller
The discrete-time state-space model of the three-phase

low-gain

is used to eliminate power tracking error

induced by uncertainties in the AC bus or component
values, without affecting stability margins. In addition,

inverter is given by[8][11][12]:

the AC bus power contribution vector [

] is

subtracted from the power reference vector [
[ + 1] =

[ ]+ 1

to obtain the net power reference. To compute
=

= −
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following closed-loop state-space model with infinite

The active power gain

horizon for r[ ] =[0 0] and

reactive power gain

=[ ̅ 0]

state,
5.Proportional

Power

Sharing

and

Voltage

=

must be positive and the
must be negative. In steady

for the TCT controller. Then, for a pair

of inverters connected to the AC bus.

Restoration model
Voltage restoration loop is used to recover voltage

1/

deviations when the microgrid is operating in islanded

1/ 2=

2=

1 /K 2
1/

(6 -a)

2.

mode. A control scheme for the voltage restoration loop
is shown in Fig. 3. When the main grid connection is

6. Inverter Synchronization and Frequency

lost, the voltage in the AC bus drops and the Grid

Restoration model

Connection Flag becomes zero. The detection of grid

To synchronize each inverter with the AC bus, a Second

disconnection is

Order Integrator-Phase Locked Loop (SOI-PLL) is used
as shown in Fig. 4 [5]. The output of the SOI-PLL is
used to perform the dq transformation of the input and
output signals for the TCT controller. When grid
connection is lost, the operating frequency of the
microgrid drops and the frequency restoration loop is
activated. The frequency restoration loop integrates the

Fig 3: Voltage Restoration Loop Control
frequency error and compensates the PLL operating
frequency

′. Hence, the output frequency of each

Assumed. Its development is out of the scope of this
generator will increase and the microgrid frequency
paper.

To

restore

AC

bus

voltage

without
returns to the nominal value in islanded mode. Thus, the

communications, a supplementary loop is implemented
proposed frequency restoration loop gives the capability
on each inverter. This loop integrates the error of
of working in both grid-connected and islanded modes
referred to

̅ . The output of this integrator becomes the
not only to the proposed TCT controller, but also to

new power reference of the TCT controller
smart load controller implemented in the dq frame. The
=
=

(
(

−
)
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synchronized with the AC bus. The output of the PLLSOGI is used to perform the dq conversion of the states
and control input. When the microgrid is connected to
the main grid, each inverter works as a grid-following
generator. This means that the AC bus voltage and
Fig No.4 SOGI-PLL with frequency restoration loop

frequency are imposed by the main grid. When grid
connection is lost, the Grid Connection Flag is activated,

′=

+

+

+

(

−

each inverter starts working as a grid-forming generator,

) (7)

and the voltage and frequency restoration loops are
where

is one when grid connection is lost and

=0

engaged. But this control will be augmented by smart

when the grid is engaged. Assuming that the SOI-PLL is

load controller which will produce excess Power reserve

synchronized, such that

- ΔPSL during frequency droop by Point of Load voltage

steady-state,

= 0, it can be noted that in

→ 1 and ′ ≈ ωc as above in (7).

control of static load as shown in Fig 5 and explained in
the later section in (8)

7. Complete TCT Control Scheme

The complete TCT control scheme for one inverter is
shown in Fig.4. Each inverter has its own PLL-SOGI
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8. Complete Schematic of Microgrid with complete Control with constant impedance RL load

Fig No. 5 Microgrid Model
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Fig No.6 Microgrid Simulink Model

Fig No.7 Simulink Block Diagram for the Integrated PQVI Controller

Fig

No.8

Simulink Block Diagram for the TCT CONTROLLER
to 17-th order equivalent to
9. Numerical Values for the Proposed
SIMULATIONS

ℎ17=1,020Hz.

Computed

controllers are only presented in discrete-time.
9.1 Islanded Microgrid:

State-space models of each inverter connected to the
main grid and the entire microgrid in islanded mode are
presented. Discrete state-space models are presented in
the dq frame. Sampling frequency was defined to be
=10 kHz according to Shannon sampling theory [6].
This selection allows controller regulating harmonics up
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Grid Voltage

120

DC bus Voltage

350

Grid Frequency

(

Output Inductance

1,

Input Inductance

1,

Filter Capacitance

1, 2, 3

)

60
2,
2,

3
3

(376.99

/ )

1.8

,1.8

,3.6

1.8

,5.4

,3.6

8.8

PWM Frequency

10

Sampling Period

100

[6[6Load 1

1, 1

85.7Ω,0.46

[Load 2

1, 1

171.43Ω,0.53

Error Weighting Matrix

1,

2,

3

{5,4.9,4.8}×103× 2×2

Input Weighting Matrix

1,

2,

3

{0.2,0.15,0.18}× 2×2

Inner Integrator Gain

1,

Outer Integrator Gain

1,

2,
2,

1

3
3

5

SOGI gain

0.7

PLL Proportional Gain

0.28307

PLL Integral Gain

7.5102

Frequency Restoration

100

Gain
Power Rating
Voltage Restoration

1, 2, 3

500,1000,1500

1,

2,

3

1000,2000,3000

1,

2,

3

−1000,−2000,−3000

Gain (Active)
Voltage Restoration
Gain (Reactive)
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SL. To reduce the number of dynamic equations and keep
the analysis simple, the NCL (Non critical Load) has
been considered to be of resistive type in this case.
However, the analysis can be extended to any power
factor of the NCL. Further, this model is extended to
multiple smart load in a distribution feeder) and studies
have been done to assess any unwanted interaction
among the smart load (SL) and the network. The present
scenario has been considered for 2 NCL Loads where
Point of Load Voltage control (PoL) is applied for

Fig No.9 State-vector mathematical model and the
circuit in islanded mode in the ABC frame. TOP:
Inverter 1. MID-DLE: Inverter 2
BOTTOM: Inverter 3

Fig No 10: SMART Load Schematic

10. SMART LOAD (SL) Modelling and Interaction

Lf = Inductance of the SLQ converter

with Microgrid

Rf = Resistance of the SLQ converter

To analyze such interactions and evaluate the

Cdc= DC Link Capacitor

performance, SS is developed for each of these following

Idc= Dc current drawn by the DC Link capacitor

submodels and the respective state and input/output

Vdc= Voltage across the DC link Capacitor

variables are defined. Finally, component Connection

RL,LL= Resistance and Inductance of the Load

Method (CCM) [8][9] has been applied to obtain the

Vnc= Voltage across Non Critical Load

overall SS of the model. Following subsections present

I= Current drawn by the Load

the detail modelling of the linearized SS of smart Load

Ves= Voltage Compensation
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Fig 11: Simulink Model of Lead Lag Compensator based

Describing Equations:

PLL
( )

( )−

=

( )−

( )

State space Model of PLL is represented by:
=

( )

= ( )+

+

/

(

) (9)

( )
10.2 Voltage Control Loops

(8)
( )

( )−

=

( )−

( )

=

10.1 PLL Models

Fig No:12 (a) Schematic of PLL

The lead-lag compensator based single phase PLL
implemented in Simulink is presented in Fig 11[14][15].
The PLL has one state variable corresponding to the leadlag transfer function, denoted by α1 and α2 and a second
one corresponding to the integrator, denoted by 1/s. The
input and output variables considered for this sub-model
are Vesq and θ . The typical value gain and time constant

Fig No.12 (b) Schematic of NCL Loop control

parameters are taken M = 2 and α1 = 0:001242, α2 =
0:02315.

(
(

Volume 8, Issue 06, 2022
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)=
̇

(

)(

̇

21) +
)(

((

0 0
=
0 0

1 0 −1 0 0 0
+
0 1 0 −1 0 0

⎡
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎦

(13)

) (11)

11. Control Methodology of Smart Load
10.3 Current Control Loop
Substantial proportion of industrial and service sector
The current control loop is identical for both the axes and
loads are induction motors.Motors which are directly
the control loop architecture follows the standard design
connected to the supply inherently provide inertial
as used in any converter. Fig.13 presents the schematic
response to the system unlike the drive-controlled motors
diagram of the control loop[17][18]. The state variables
which are decoupled from the supply[24][25]. Adjustable
for the d and q axis PI controllers are denoted by γd and
speed drives (ASD) are used to control the speed of the
γq, respectively and the controller gain parameters are
motor for improved performance and better energy
given by kpc and kic. The small signal SS model of the
utilization. With subtle modification to the ASD,it is
current controller is given by.
possible to use the existing motor drives to control the
power consumption of the motors over a short-time and
thereby, contribute to rapid frequency response when
needed. The proposed modification includes a frequency
derivative loop to provide inertial response within the
ramp rate limits An additional frequency support block is
introduced along with the standard drive control. The
measured deviation in grid frequency and RoCoF is used
to modify the supply frequency reference for the motor.
The rate of change of the motor frequency reference in
response to the measured grid frequency variation has to
Fig No. 13 Current Control loop
be limited to avoid excessive regeneration especially, for
=

(12)

drives with passive front-end. The above mentioned
control scheme will enable a MSL(Motor Smart Load) to
contribute to rapid frequency response by changing the
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active power consumption of the motor according to the

increase (decrease) in smart load reactive power

measured grid frequency and RoCoF. A drive controlled

consumption for a certain change in PSL.[9][12]

motor operating at a certain frequency (e.g. 45 Hz) would

12 Simulation Results

respond to an under-frequency event by reducing its

To obtain simulation results, the circuit shown in Fig No

operating frequency (e.g. down to 30 Hz) for a few

9 was implemented in MATLAB/Simulink using OPAL-

seconds. For over frequency events, the motors would

RT ARTEMIS libraries. Main grid frequency and

enter the constant-power mode beyond 50 Hz as V/f ratio

amplitude were selected to have nominal values. Fig. 62

is no longer maintained [23]. In such cases, the frequency

shows the simulated output power of each inverter, the

support loop is disabled and the motor operates with

RMS voltage on the AC bus, and the microgrid frequency

standard drive control.

under different intervals of time.

11.1 SLQ Capability (Smart Load Reactive Power
Control Capability)
Capability plot for SLQ can be drawn in three simple
steps using the previously Introduced SL equations. The

Fig No.14 (a) State-vector waveforms for the

first step involves calculating all possible values of VNC

mathematical model and the circuit in islanded mode

using by sweeping the compensator voltage magnitude

in the ABC frame. TOP: Inverter 1

(VES) over a range of Values (0 to 1 p.u.) for two sets of
phase angles (θES = +90 and θES =- 90).[10] This provides
an exhaustive set of real positive values which can appear
across NCL under different network disturbances. The
second step includes calculating the smart load active and
reactive power consumptions using the corresponding
values of VNC [8][11]. For SLQ type smart load PES
should be considered zero in. The positive and negative
sign of QES signifies inductive and capacitive modes of
the compensator. The positive value of PSL corresponds
to over-frequency disturbance. QSL>0 (QSL<0) represents
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Fig No. 14(b) Simulation results. (a) Active power. (b)

( 3/ 1=104.4134.70=3.008)

Reactive Power. (c) Voltage in the AC bus and

( 2/ 1=106.5653.40=1.994)

frequency of the microgrid

( 3/ 1=159.4953.40=2.986) Simulation results confirm
the effectiveness of the proposed controller in a

12.1 Simulation Result Analysis

computational environment.

Analyzing Simulation result in Fig No. 14 (a) & (b) At
1=1 , an active power reference of 100W, 125W, and

13 Experimental Result Analysis:

150W was set for Inverters 1, 2, and 3 respectively. It can

Experimental results are presented islanded modes with

be seen that the three inverters have a damped response

smart Load connected for effective control of Microgrid.

with a settling time of about 0.4 s and a steady-state error

A complete Laboratory setup of Microgrid is created as

less than 0.2%.

shown in fig no15. For both modes, simulated and

At

2=3 s, the main grid is disconnected and the

experimental results were obtained. For islanded mode,

microgrid starts working in islanded mode with pair of

all inverters work as grid forming generators with

smart load SL-1 connected. At this time, voltage and

frequency and amplitude close to nominal values. Also,

frequency on the AC bus are recovered in 0.05 s and 0.1

active and reactive power demanded by the load are

s, respectively. Active and reactive powers reach steady-

divided between generators according to their rated

state in 0.5 s and 0.3 s respectively. Also, generated

power value.

power is proportionally shared between the three
inverters according to their rated power capacity since
( 2/ 1 =33.5616.85 =1.991) ( 3/ 1=50.8716.85=3.018)
( 2/ 1=65.8333.08=1.990) ( 3/ 1=98.3133.08=2.971)
Finally, at

3=5 , Smart Load (SL-2)is connected. The

voltage in the AC bus and the microgrid frequency show
a disturbance of about 0.8 V and 0.01 Hz, respectively,
with a recovery time of about 0.05 s and 0.1 s,
zrespectively. In addition, active and reactive power have
a settling time of about 0.3 s. Finally, active and reactive
power remain proportionally shared between the three
inverters

since
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Fig No.15 Experimental Set up of Microgrid with

grid forming generators to deliver the power demanded

Smart Load System

by Load 1 and to recover voltage and frequency without
communications. At this time, voltage and frequency on
the AC bus are recovered in 0.8 s and 0.2 s, respectively.
Active and reactive powers reach steady-state in 0.8 s and
0.5 s, respectively.
Finally, at

3=5 , Load 2 is connected. Voltage in the

AC bus and frequency show a disturbance of less than 0.1
V and 0.01 Hz respectively with a recovery time of less
than 0.3 s. In addition, active and reactive power have a
settling time of about 0.4 s. Finally, active and reactive
power remain proportionally shared between the three
inverters
Fig No 16 Output currents during experiment.
=

,

=

=

,

. Vgrid=200mA/div, Hgrid=700ms/div

Conclusion: This work proposed a novel model and
controller that integrate V-I and power sharing with smart

At

1=1 , an active power reference of 100W, 125W,

and 150W was set for Inverters 1, 2, and 3, respectively
based on availability of reserve power from PoL
controller of smart load. Also, a reactive power reference
of 50VAr, 60VAr, and 70VAr was set for Inverters 1, 2,
and 3, respectively. It can be seen that the power shown
in Fig. 14(b) and output currents shown in Fig. 16 for the
three inverters have a damped response with a settling
time of about 0.4 s and a steady-state error less than
0.3%.
At

2=3 s, the main grid is disconnected and the

microgrid starts working in islanded mode with Load 1

load dynamics in a single state-space model. The model
can be scaled to be implemented in islanded modes. For
islanded mode, a mathematical procedure was developed
to integrate any number of generators and loads in a
single open-loop model that may be used for modern
robustness. The proposed TCT controller for islanded and
grid-connected microgrids improves transient response,
accuracy on power sharing, and voltage and frequency
restoration. It is worth to mention that the frequency and
voltage

restorations

are

performed

without

communications, which ensures robustness on the
microgrid against abnormal conditions. Future work may

connected. This means that the inverters work together as

Volume 8, Issue 06, 2022

Page No :538

Zeichen Journal

ISSN No: 0932-4747

lead to investigating marginal stability of the unified
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microgrid-smart load by classical methods
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