Journal of Chemical and Pharmaceutical SciencesISSN: 0974-2115

Stability Analysis and Control of Microgrid
Mayur K*, Anoop K J
Department of EEE, Saveetha School of Engineering, Saveetha University, Chennai, India.
*Corresponding author: E-Mail: mayurandveru@gmail.com
ABSTRACT

This paper provides the detailed description about the application and the factors necessary to the stable
operation of a micro grid. A coordinated control of distributed generators (DG) and distribution static compensator
(DSTATCOM) in a micro grid to achieve good voltage regulation is proposed. The proposed system can
compensate voltage sag and can reduce the harmonics presents in the circuit. The compensator can also provide
necessary load balancing and reactive power control while supplying real power to grid.
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1. INTRODUCTION

The development of Power system and the micro grid provides the power supply to the consumer with the
production of enormous amount of heat. This paper deals with the reduction of losses during voltage sag condition,
harmonic distortion, and frequency. Micro grid has divided for two major operating modes such as Grid connected
mode and Islanded mode. Grid connecting mode is conducting to saving the fossil fuels when the regular grid
works well while islanding mode will supply power to the specific load and making load to operate continuously,
when the regular grid breaks down. Micro grid gives a method for distributed generation assisting the utility grid,
particularly for photovoltaic cells, wind power generation, fuel cell, thermal power generation and super capacitor
etc. It provides improvement and utilization of renewable energy. There is more peculiar system to solve the
problem of electricity demand in remote areas of India (Yoasuo, 2005).

The Microgrid has demand in system stability and this system deals with ability to withstand the error in
voltage regulation (Majumder, 2009), power factor etc. This paper proposes the analysis of error occur in system
stability. Microgrid proposes the loads and micro power generations and it simultaneously supplies electricity and
heat. The power electronic devices are in-charge for the conversion of energy and meet the necessity of power
supply reliability and power quality (Lasseter, 2012).

Microgrid is mainly based on power electronic technology, load and small power that capacity is below
500kW. The capabilities of microgrid concept are: (i) A process for effecting automatic transitions between grid-
connected& islanded modes of operation; (ii) A process of electrical protection with the certain microgrid that does
not rely on more fault currents; and (iii) A process for microgrid control which attain voltage and frequency
stability under islanded requirements without the need of high-speed communications.
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Figure.1l. Microgrid with various sources
The experimental result shows that microgrid is mainly concentrated on the constant operation. Figure.1,
shows that various sources connected in a main grid with power electronic converter. The important factors which
hinder the improvement of the microgrid include nonlinear load, statistics theory, power sharing technology,
harmonic distortion, and constant of electronic cascaded systems, because of the surroundings considerations,
technological improvements and governmental incentives for renewable (Shahnia, 2010). The grid architecture is
being changing from control of activity to decentralized energy supply with distribution generation (DG) units
connects around to the utility grid. This also reveals key unit of micro grid:
a) Each integrate, control of micro power;
b) The energy consumer of the combined micro grid solves the potential difference control, tide control and
load dispensation, constant maintenance, and all running problems when micro grids are isolated or cut off;
c) It has the protection of switching relay, that including the different micro power and the protection (Lee,
2008).

JCHPS Special Issue 5: October 2016 www.jchps.com Page 71



Journal of Chemical and Pharmaceutical SciencesISSN: 0974-2115
Structure and Characterstics of Microgrid: Microgrid is mainly consist of micro power supply, energy storage
equipment and electrical / thermal load, through the static switch associating with low-voltage distribution system.
It can understand the smooth and consistent exchange between islanding mode and network associated mode. The
micro power grid test with various renewable energy sources is shown in Figure.2.
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Figure.2. Micro power grid test with various Renewable energy sources

The control, estimation and assurance capacity of operation depends on the force electronic interface. The
primary structure of microgrid can be DC microgrid, AC microgrid and AC/DC cross breed microgrid.

AC Microgrid is the primary type of microgrid. Its typical structure is shown in Figure.3. In AC
microgrids, Distribution generations and energy storage equipments are associated with the AC bus through force
electronic equipments. Through the control of the static switch which interfaces microgrid and utility matrix, can
understand the mode exchange between grids connected mode and islanded mode of operation (Ye Xu, 2013).

The structure of DC microgrid is depicetd in Figure 4. It is clear that distributed generation, energy storage
equipments and loads are associated with the DC bus through power electronic converters. DC microgrid linked
with the outside AC system through the inverter device. DC microgrid matrix can give energy to AC, DC load of
different voltage-grades through power electronic transformation equipments (Milosevic, 2007).The energy storage
devices associated with DC bus, repay the change of circulated generations and loads.

Compared with AC microgrid, DC microgrid adopts one-level voltage conversion device between
Distribution generation and Direct current (DC bus), decreasing the money value of system construction. As a final
report, the control techniques become reliable. It is helpful to maintain constant operation. At the same time the, it
is being unused to consider integration problem between those distribution generators (Majumder, 2009).
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Figure.3. Structure of AC microgrid Figure.4. Structure of DC microgrid
AC and DC hybrid microgrid consists of both AC bus and DC bus. It could supply power to AC loads &
DC loads directly. Probably, AC/DC high efficient microgrid can be considered as AC microgrid, because DC
microgrid is a partial power supply which linked to AC bus via power electronic inverter (Li, 2009).

2. PROPOSED SYSTEM
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Figure.5. Block diagram of system
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The block diagram of the proposed work shown in Figure 5explains that it consists of two major parts;
i) Power circuit; and ii) Controller.

Power circuit enables with the source (i.e. solar); Inverter; DC Supply; Boost converter and Controller part
which includes the gate driver; Buffer circuit; Microcontroller; 12V & 5V DC supply.

Solar Cell: A solar cell, or photovoltaic cell (PV), is a device that converts light energy into electric energy using
the photovoltaic effect. The array of a photovoltaic cells or PV system produces direct current (DC) power which
varies with the light’s intensity (DeCarlo, 2000).For practical use this usually requires conversion to certain
required voltages or alternating current (AC), through the help of inverters. Multiple solar cells are connected
inside the PV system or module. Modules are associated together to form arrays, then connected to an inverter,
which converts to the required alternative voltage.

Inverter: An inverter is an electric device that converts direct current (DC) to alternating current (AC). It is not the
same thing as an alternator, which converts mechanical energy (e.g. movement) into alternating current. Direct
current is created by devices such as batteries and solar panels. When connected, an inverter allows these devices
to provide electric power for small household equipment’s. The inverter does this through a complex process of
electrical adjustment. From this process, AC electric power is produced.

Gate Driver: A gate driveris apower amplifier which permits a low-power input from a controller IC and
produces a high-current drive input for the gate of a high-power transistor such as an IGBT or power MOSFET.
Gate drivers can be produces either on-chip or as a discrete module. In essence, a gate driver consists of a level
shifter in combination with an amplifier. It is used to isolate the power circuit and controller.

Buffer: A buffer amplifier (sometimes simply called a buffer) is one that provides electrical impedance
transformation from one circuit to another. Two main types of buffer exist: the voltage buffer and the current
buffer. But the proposed system uses the current buffer circuit.

Microcontroller (PIC 16F877A): It has 40 pins and 5 1/O ports, while CLK IN & OUT are crystal oscillator
having frequency about 4 MHz & to generate the frequency at certain to Controller.

It is the one of the most popular PIC microcontrollers. It has capable of doing many tasks because it has a
large enough programming memory. The general features of this microcontroller are High performance RISC
CPU, Only 35 simple word instructions, eight level deep hardware stack, Power on reset, Low power high CMOS.
Flash/EEPROM, Commercial, Industrial and extended temperature ranges.

In the hardware section, at first stage the AC supply is step down by using transformer to 15V AC and it is
inverted by using inverter to 15V DC from that regulator LM7805, it regulates the power to the DG part, and
another AC supply is stepped down by using the transformer to 30V and it regulates the power by using the
regulator LM7812 to 12V DC supply.

Snubber circuit: It is basically series connected resistor and capacitor connected across the thyristor. Snubber
circuit is required in order to suppress the rate of rise of forward voltage i.e., dv/dt across the thyristor.

The system under consideration in figure 6 with three feeders sections where DGs and loads are connected.
It shows that the DGs are VVSC interfaced. In grid-connected mode, the DGs supply the maximum power available,
while the utility supplies any extra power required by the loads (Betsy Sebastian, 2014). During islanded operation,
the total power demand is supplied by the DGs. It shows that if the power demand in the islanded mode is more
than the total power outputs of the DGs, then loads are partly shed to meet the power balance. Loads are indicated
by Ldla, Ldbl, etc. (Hessam Keshtkar, 2014). The locations of the single phase compensating devices
(DSTATCOM) are indicated as DSTAT a, DSTAT b, and DSTAT c. There are many loads can be linked together

to make the individual loads of microgrid.
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Figure.6. Proposed Circuit

Converter Structure of DG: The single phase converter is made of four IGBT switches, and the converter AC
output voltage is connected through the transformer to the output filter capacitor (Cr) as depicted in figure.7.
Transformer loss and inductance are represented by Rtr and Ltr, respectively. The DG is connected to PCC (Point
of Common coupling) via output inductance Lf (Han Minxiao, 2013).
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Figure.7. Converter Structure
Converter Structure of DSTATCOM: The capacitor in the dc side is connected to the H Bridge. The ac side
voltage Eswe is connected through the transformer to output filter capacitor. The DSTATCOM output current and
voltage is shown in Figure.8 as istat and Vs respectively.
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Figure.8. Structure of DSTATCOM
The distribution static compensator (DSTATCOM) is used to maintain the voltage of a distribution bus. A
three-phase, four-wire distribution system DSTATCOM can be used at this bus to reduce harmonics and balance
the bus voltages (Hessam Keshtkar, 2014). It will helps to reduce the voltage sag condition, harmonics distortion, it
consist of filters which helps to reduce maximum distortion present there.

3. SIMULATION RESULTS
The simulation diagram is shown in figure.9 and Figure.10 gives the power factor analysis in stability
analysis and the control of microgrid for voltage and current. It is observed that the power factor is 0.9956.

Figure.9. Simulation Circuit diagram
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Figure.10. Power factor result
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Figure.13. Output voltage
The waveform shows in Figure.13, clarifies the usage of DSTATCOM. It maintains a constant voltage
after sag occurs.
The total harmonic distortion during sag and after compensation with DSTATCOM is shown in figures 14
and 15 respectively.

Figure.14. Waveform of THD during the Sag Figure.15. Waveform of THD
Total harmonic distortion during sag =8.04%.
The diagram shows that THD after the compensation by using DSTATCOM is only 3.82%
Hardware Results:

Figure.16. Proposed Hardware model
The hardware of the proposed system shown in figure.16. The input voltage from the solar panel is given
in figure 17.The gate pulses shown in figure 18 are given to switches. The sag condition is created in the prototype
by giving non-linear load and the output is obtained as figure.19.
The hardware results show that the STATCOM overcome the sag in the output voltage and the harmonic
distortion Witg same frequency of SQ@I—E[Z shown in figure.20.
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Figure.19. Voltage from solar during the sag Figure.20. Voltage from after the compensation using
condition STATCOM

4. CONCLUSION

Microgrid depends on distributed generation (DG) and is a powerful source and productively support of utility
grid. Also, it may become one of the major trends of power system in the future. Power matching theory, energy
storage technology, converter cascade stability and harmonic distortion are depends on operation, control and
energy management. With the development of nonlinear power system, microgrid play a dominant role in
application of new energy. The usage of STATCOM in conjunction with mirogrid gives good stability and control
of output voltage. The simulation results well satisfying with the hardware results. The proposed system improves
the power factor. It can be applied in distribution line, Industry and mining operations.
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