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Abstract—Smart grid is a newly flourishing research area because of its viable applications and
expected to address the drawback of existing grid. Microgrids are the part of the Smart grid and they are
designed to supply €electricity for a small community such as residential areas, universities or industrial
sites. Power electronics plays a vital role for connecting the renewable energy sources to Microgrid
system. This paper deals the Microgrid connected single phase Bidirectional PWM converter which
operates in Rectification and Inverting mode. This converter helps to connect renewable energy sources
to loads as well as excess power are given to power grid. Double Loop PID control technique is used for
controlling the converter for both modes. The designed Converter is simulated in MATLAB/Simulink
software and resultsare verified using the Hardwar e.
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[. INTRODUCTION

The existing electricity grid converts only one-third of fuel into electricity and 8% of its output is wasted
across the transmission lines. Smart grid technology basically derived from traditional power grid with some
additional features such as reliability, efficiency and sustainability [1]-[2]. The conventional methods of power
generation are burning of fossil fuels which affect the environment, causing an increase in greenhouse gas
emissions that leads to global warming. Even though these methods of generations have exceptiona scale of
economy, it transmits power over long distances [3]. As a result, it has turn into the driving force for the
growing interest in aternative energy. Distributed generation is one approach to the manufacture and
transmission of electric power. In this generation the power is generated locally (near load) hence the
transmission loss is reduced and size and number of power line is aso reduced. Therefore Microgrid is an
accepted concept that consists of generating units and storage elements and uses the naturally available
distributed energy resources such as solar, wind, fuel cell etc., [2].

1. MICROGRID

Fig.1 describes the simple diagram of Microgrid system. Microgrid consists of Distributed generation (DG)
resources and interconnected loads. It is a small independent power grid and can be viewed as the building
block of Smart grid. It can be operated in parallel with the grid or independently provide power to the load.

Single phase Bidirectional PWM converter is an important component in Microgrid system that connects ac
and dc subsystem [1]. It has to operate in Inverter mode as well as Rectifier mode by utilizing dc and ac
renewable energy sources [4]-[5]. The Double loop PID control is proposed for controlling the converter. Inner
current loop is common for both modes to regulate inductor current and outer voltage loop is separately
designed for each mode to regulate ac and dc voltage.
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Fig.1. Microgrid System

The bidirectional converter should operate in the following modes:
1) Inverter Mode

If the dc side renewable energy is available converter operates as the inverter feeding power to the ac loads
and dc loads directly get power from renewable energy sources. In this mode the converter act as a full bridge
inverter and LC filter is used to get the sinusoidal output.
2) Rectifier Mode

If the dc side renewable energy is not available converter operates as the rectifier feeding power to dc loads

and ac side renewable energy resources provide power to ac loads. In this mode the converter act as a rectifier
and provide dc output with less ripple factor by using filter capacitor Cy.

[1l. CONTROL SYSTEM DESIGN

In recent years many control strategies have been developed for example hysteresis and predictive
control (current control),fuzzy logic, sliding mode ,repetitive control and neural network (voltage contral).In
this methods each mode requires different control strategy which results difficulty in control system design and
over al reliability of the system is reduced. Therefore the Double loop PID control is proposed because of
simple design, easy implementation and excellent performance.

Before designing the control system, converter has to be modeled. The Average model of the full bridge
inverter is given by the following eguation (1) & (2),

dige _

Lac ar Vab - Vac """""" (1)
d ac— VH.C
Cau %_ lac — ;‘w """""" (2)

Since the double loop control is used, the current loop is used to regulate the inductor current and the voltage
loop is used to regulate ac and dc voltage. The current and voltage loop is designed separately. Transfer function
for current and voltage loop can be obtained from the average model given by the equation (1) & (2).

Transfer function for common inner current loop,
igc _ 1+85Z4cCac
Vdc - SzLacZuccac+SLu,_-+Za5

Transfer function for outer voltage loop,

Inverter Mode

h = —Zac
ige  145Z4cCqc

Rectifier Mode

Vac _ _ Zac
idce 1+8Z3.Cqc

The desired output for a closed loop system is obtained by tuning PID gain values to the system inherent
condition. Several methods are used to tune the PID controller in which Ziegler- Nicholas method is commonly
used.

IV.SIMULATION

In this paper the control system is designed and simulated using MATLAB/simulink. This table listed below
gives the considered simulation parameters.
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Input voltage Vg 230V
Vims 230V
Ac Filter Inductor 100mH
Ac Filter Capacitor 40uF
Dc Filter Inductor 500mH
Dc Filter capacitor 1000uF
Linear load 10002
Switching frequency 25kHz
Voltage sensor gain 0.01(Inv)
0.03(Rec)
Current sensor gain 0.06

TABLE.1 SSIMULATION PARAMETERS
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Fig.2. Simulink model for Bidirectional converter in Inverter mode

The MATLAB/simulink model for Bidirectional converter in Inverter mode is given in Fig.2.In this the input
dc voltage is continuously sensed by voltage sensor and in turn it operates the relay which is set by the rated
input voltage. If dc input voltage is within the set limit the relay gives the pulse to switch A and the converter
operates as a inverter and the output is a sine wave with (frequency 50Hz) less THD using LC filter. Otherwise
the relay gives pulse to switch B and converter operates as a Rectifier and the output is unidirectional dc with a
ripple factor less than 5%.
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For closed loop control of converter in Inverter mode the output voltage and sinusoidal reference voltage are
compared and the difference is given to PID voltage controller. The output signal is again compared with
inductor current; the current error signal is given to PID current controller. This control signal from PID current
controller is used as the reference signal for PWM generation. The triangular wave of 25 kHz frequency is
compared with reference signal and at every crossing instant the pulse is generated and used to control the
switches.

Fig.3. Output voltage from Inverter mode
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Fig.4. THD analysisfor Inverter output

Fig.5. Simulink model for Bidirectional converter in Rectifier mode
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The MATLAB/Simulink model for the converter in rectifier mode is given in Fig.5.The output signal and dc
reference signal are compared and the error signal is used to generate the PWM pulses and control the switches
in the converter.Fig.6 shows the dc output from Bidirectional converter in Rectifier mode.

Fig.6. DC output from converter in rectifier mode

V. EXPERIMENTAL RESULTS

The Bidirectional converter is designed using MOSFET (IRF640) and Microcontroller PIC 16f877ais used to
control the switches in the converter and driver IC IR2110 is used for amplification and isolation between
controller and power circuit. In order to avoid device failure and safety, the fabrication and experiments were
done as a scaled down voltage level.

Fig.7. Experimental set up for Bidirectional converter

Fig.8. Inverter output voltage
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Fig.9. Rectifier output voltage
VI.CONCLUSION

This paper proposed the control system design for Microgrid connected single phase bidirectional PWM
converter. Microgrid is a emerging technology provides power locally for a specific region like university,
Industries, residential areas etc. It uses the renewable energy resources and is available at a reduced cost
therefore the implementation is easy and cost effective. Bidirectional converter is a important component in
Microgrid which connect dc and ac subsystem. The reliability of the supply is maintained even with the
availability of any one renewable energy resources The Double loop PID control is designed for both mode and
simulated using MATLAB/Simulink. The simulation results shows that designed control system produces
inverter output with THD 0.92% and rectifier output with ripple factor 0.13%.
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