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Abstract: A microgrid is the combination of Distributed generators that interconnected with the main grid to ensure continuity
in supply to the load. The operating system will be in grid-connected and the island mode. This paper presents a mathematical
model of hybrid microgrid consisting of PV system, wind power generation using DFIG which are integrated to the utility grid
and a PI Controller for controlling the transition from grid-connected mode to island mode and normal operation, each DG
inverter sated in constant current control mode to provide preset power to the main grid. When it disconnects from the main
grid each DG inverter detects and connect to voltage control mode in the islanding situation. The modeling is performed in
MATLAB Simulink and results are discussed out to verify the operation of the proposed system
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1. Introduction

In the world of rapid progress, electric distribution technology has shown a massive growth in the last few
years. The modifications on both the demand and supply side are needed. The higher energy availability and
efficiency are desired and the integration of distributed generation as well as good control technologies are
required from demand and supply side respectively.

Electric power system is considered as one of the most complex man made network. It requires highly skilled
personnel and an efficient technology for its operation and management. Considerable disturbance in electric
power system may have a huge impact on other lifeline systems such as water supply and distribution,
telecommunication, transportation, national security & defence (Garikapati, 2020; Bhasa, 2020). Hence, it is
required to ensure uninterrupted and highly reliable power supply to all consumers. Further, in case of natural
disasters it is not an easy task to tackle the post disaster conditions and restore electric facilities to the remote
areas (Balamurugan, 2020). The concept of distributed energy generation proves to be a good solution and curtail
the impact of disasters on power system.

. Among the two type of modes, in the grid connected mode the controller has to supply the rated power to the
grid and grid signal is used as reference for inverters finally, current control mode is operated in stiff
synchronization. In intentional islanding, the controller is designed to supply constant voltage for loads (Kanellos,
2005; Irvin, 2011; ChinnamahammadBhasha, 2020; Deepthi, 2019). PV panel, wind turbine are modeled and a PI
controller is used for transition of grid connected to islanding mode.
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Figure 1. Block diagram of proposed system
2. Proposed Hybrid System
2.1 Photovoltaic System
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In Photovoltaic cell model, both a diode and constant current are in parallel with Rp and all are in series with
Rs. Rsand Rp are the internal resistances and inversely related to the leakage current respectively.

If Rs is zero and Rep is infinite then photovoltaic cell is ideal. The conversion efficiency of photovoltaic cell is
sensitive to small variations in the series resistance but not sensitive to the variations in the shunt resistance. With
increase in series resistance, output of photovoltaic cell decreases significantly (Alex Dev, 2013; Amit Singh,
2018; Chinnamahammad Bhasha, 2020; Aroulanandam, 2020)
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Figure 2. Circuit model for a PV cell
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Where,
Iphoto = Photocurrent of PV
I output = output current (A)
l, = Reverse saturation current (A)
V = output voltage (v)
Rs = Series resistance ()
Rp = Parallel resistance (Q2)
V1= Thermal voltage (V)
Id = Diode current
2.2 Wind Power System

The proposed wind turbine consists of a Doubles Fed Induction Generator (DFIG) whose rotor is of squirrel
cage type (or) wound rotor type. Stator and rotor windings are star connected to an internal neutral point. It has
three inputs, the turbine speed in pu, Generator base speed, the blade pitch angle. The wind speed is applied as
torque to the drive train in pu. The rated power of the turbine and synchronous speed of the generator gives the
output. The DFIG is one of the common type of generator used to produce electricity in wind turbines. This type
of generator maintains the frequency and amplitude of their output voltages (Latchoumi, 2020). Advantages of
DFIG are-

a) Operation at variable rotor speed while the frequency and amplitude of the generated voltages remain
constant.

b) Optimization of the amount of power generated as a function of the wind available to up the nominal
output power of the wind turbine generator.
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Figure 3. Double-fed induction generator
Wind turbine rotor aerodynamics model is given with Cp()) as, (Weidong, 2007).
Pa=Wr.To=%.p.A.Cp(A,B). Vo3 (4)
Where,

Pa:- aerodynamic power of the wind,
CP(A):- coefficient of wind power
(M) :- tip speed ratio(TSR)

p :- 1.25 kg/m3, at sea level
A :-rotor swept area,

Vo :- wind speed,

Wr :-rotating speed of blade
Tw :- torque of system.

2.3 Three Phase PLL

The DQ — PLL used to detect cutoff system by Clarke’s and Park’s transformation consists of a PI controller,
and an integrator (Esram 2007; Rinu 2012).

Figure 4. Three phase PLL (Phase Locked Loop) structure
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Phase angle is result of synchronizing rotating reference frame of PLL and the utility voltage vector. PLL is
locked by phase angle of the utility voltage vector that achieved by setting the d- axis reference voltage to zero
and determines instantaneous frequency as well as amplitude of voltage vector.

The current is control operated by controlling Id and Iq by generating reference voltages with respect to d-
axis and g- axis. The voltage control mode is operated by controlling Vd and Vq, with respect to reference
currents of direct-axis and quadrature- axis (Anila Antony, 2016; Senthamizh Selvi, 2019)

2.4 Pulse Width Modulation

PWM is a digital signal that was generated with modulation technique used to encode pulsing signal. This
method is used to control transmission of information that aims at the control of power supply to devices. PWM
technique is adopted in this model to control power supply to inverter switches and to implement algorithm of
MPPT. There are four types of PWM techniques which are mentioned as follows:

Single PWM

Multi PWM

Carrier Wave PWM

Space Vector pulse (SVPWM)

Sinusoidal PWM s used in this case, sinusoidal wave is the power signal and triangular wave is the carrier
signal. Whenever the amplitude of power signal exceeds that of carrier signal, HIGH pulses are generated which
are transmitted to the gates of inverter switches. Otherwise, LOW pulses are transmitted to the gates of inverter
switches. Fig. 4 shows the SPWM waveforms.
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Figure 4. SPWM Waveforms

Due to the modulation of voltage in every sampling interval, SPWM has better dynamic performance than
PWM. The modulation pulses are arranged in sinusoidal form

2.5 Incremental Conductance Method

This algorithm works with observation and the subsequent equation sets at the MPPT of the system.
AI/AV = —1/V, at Maximum power point

AI/AV >=1/V, left of maximum power point

AI/AV <= 1/V, right of maximum power point
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Figure 6. Flowchart of Incremental Conductance maximum power point

2.6 Intentional Islanding

If the system voltage (v) and frequency (Hz) are in pre-set ranges, then it will operate in grid-connected
mode. Otherwise, undergoes a transition to islanding mode.
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Figure 7. Intentional islanding algorithm
2.7 Resynchronization Algorithm

Although this paper deals with transition of grid connected microgrid to islanded mode, an algorithm for grid
resynchronization is also proposed. The phase angle between islanded and utility grid are necessary to be same for
reconnection of system and resynchronization is done with phase difference on both islanded and utility grid
(Jayanthiladevi, 2018; Sampathkumar, 2020; Sampathkumar, 2020)

Assuming 0 is phase difference between inverter voltage and utility grid then,

0 = LVG-LVI (5)
K = 3/2*[cos(0)] (6)
g = 3/4*[-cos(0)+3.sin(0)] (7
sin(0) = (sg + gk) /N3 (8)

Where sin(0) is determined from grid and inverter voltages and when Sin(0) is zero the system will be in
synchronism.

3. Simulink Model Description

The transition of grid connected to islanded mode has been implemented with this model. Table 1 below
represents the design parameters used in this model. Fig. 8 shows the hybrid PV and wind model. Fig. 9 shows the
power circuit model and Fig. 10 shows control circuit model respectively.
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Figure 8. Hybrid PV and Wind model
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Table 1. Design Parameters of The Model

pulss

Description Symbol Value
L filter L+ 1mH
C filter Cr 31pF
L filter Ls 0.5mH
load capacitance CL 1.535mF
load resistance Rc 4.33Q
load inductance Lo 4.585mH
Grid resistance Rgrid 0.1Q
Grid inductance Lgrid 0.1mH
Temperature T 28°C
Power rating of PV Psolar 1kW
Power rating of DFIG Poric 1kw
System frequency F 60Hz
Switching frequency fs 1kHz
output phase voltage Vo 120v
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Figure 9. Power circuit model
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Figure 10. Control circuit model

Fig.9 shows power circuit model which consists of photovoltaic source, Wind power source using DFIG,
three phase inverter and utility grid. Incremental conductance method of MPPT has been implemented to
maximize the power output from PV source. Control circuit consists of abc to dg conversion system, three phase
PLL, PI controller and resynchronization controller.

4, Simulation Results

The simulation is done using MATLAB and performance of hybrid power system in grid connected and
islanding modes have been studied. Initially all the sources are in synchronism. The system operates in current
control mode. A disturbance is created at time 0.3 sec by sending a trip signal to circuit breaker connected to
utility grid. Three phase PLL and phase sequence analyzer detects the islanding condition and hence the controller
enables the system to operate in voltage control mode. Hence, system operates in grid connected mode till time
0.3 sec and then gets transited to island mode.

Figure 11. Transition to island mode
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Figure 12. Inverter voltage
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Figure 14. Variation of grid parameters during islanding Frequency
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Figure 15. Variation of grid parameters during islanding Voltage in pu

At time 0.6 sec grid is reconnected without resynchronization controller, there is a voltage spike at this
instant. with resynchronization controller, voltage spike can be eliminated. Following figures show results
obtained after simulation of the proposed model in MATLAB.

852



Design of Controller for Transition of Grid Connected Microgrid to Island Mode

o I T T l T T T T

{ ’AW!‘\'W‘}\W‘
(AR IRRIRIALR R NIRIRARIN)

UL e

FTETTYTrETeTTm

| L ] |
[G o7 08 7] 1

Figure 17. Load Voltage with reclosure algorithm

5. Conclusion

The developed control technique for both grid and intentional islanding mode operate with Pl Controllers.
Intentional islanding detection algorithms are effective for proposed operations and reconnect the micro sources to
synchronize with the utility grid automatically. The current and voltage control techniques are developed for grid
connected and intentional islanding mode operations using Pl Controllers. An intentional islanding detection
algorithm is responsible for switching between current control and voltage control which is developed using
logical operations and proved to be effective. There connection algorithm coupled with synchronization controller
enabled the micro sources to synchronize with the utility grid by themselves during grid reconnection.

When DC Source and utility grid are isolated, there will be no power transfer to load, where as in hybrid system,
when two sources are isolated, the third source will supply the power to the load. Hence, reliability of power
supply can be improved with hybrid power system. The performance of the microgrid with proposed controllers
and algorithms have been analysed by conducting simulation on dynamic model using SIMULINK.
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