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Abstract

In this paper, a high performance inverter, including the functions of stand-alone and grid connected power supplies, is
developed so that distributed generation units can operate individually or in a micro grid mode. Off-grid islanding
describes the condition in which a micro grid or a portion of the power grid, which consists of a load and a distributed
generation (DG) system, is isolated from the remainder of the utility system. In this situation, it is important

For the micro grid to continue to provide adequate power to the load. Under normal operation, each DG inverter system in
the micro grid usually works in constant current control mode in order to provide a preset power to the main grid. When
the micro grid is cut off from the main grid, each DG inverter system must detect this islanding situation and must switch
to a voltage control mode. In this mode, the micro grid will provide a constant voltage to the local load.

This paper describes an Adaptive Total Sliding Mode Control (ATSMC) scheme for the DG inverter with full bridge
framework. Hence the proposed inverter with the ATSMC scheme has low Total Harmonic Distortion and high power
factor to provide an ac output with high power quality. The effectiveness of the proposed high performance inverter with
the ATSMC is verified using MATLAB / Simulink software environment.

Keywords: Adaptive control, distributed generation (DG), grid connection, stand-alone power supply, total sliding mode
control (TSMC).

1. Introduction

In order to protect the natural environment on the Earth, the development of clean energy without pollution has a major
representative role. The problems with energy supply and use are related to environmental concerns such as air pollution,
acid precipitation, ozone depletion, forest destruction, and radioactive substance emissions. To prevent these effects, some
potential solutions have evolved including energy conservation through improved energy efficiency, a reduction in fossil
fuel use and an increase in environmentally friendly energy supply. Energy generated from clean, efficient and
environmentally-friendly sources including fuel cell, photovoltaic, and wind energy, has been widely applied for
distributed generation (DG) installations.

However, the DG units often cannot directly support the electrical appliances with the same power qualities of the grid in
terms of frequency and amplitude. There arises the need for a high-performance inverter with the abilities of both stand-
alone operation and utility grid connection to ensure efficient Utilization of DG units [1]. DG systems commonly need
dc—ac converters or inverters as interfaces between their single-phase loads and sources. The basic mechanism of a PWM
inverter is to convert the dc voltage to a sinusoidal a output through the inverter-LC filter blocks.
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The performance is evaluated by the total harmonic distortion (THD), the transient response, and the efficiency. Thus,
much attention has been paid to the closed-loop regulation of PWM Inverters to achieve good dynamic response under
different types of load. Synchronization issues are predominant when the PWM inverter is connected to the grid. For

achieving a higher power factor in the grid connection, digitally can be used.

Sliding Mode Control is one of the effective nonlinear robust control approaches since it provides system dynamics with
an invariance property to uncertainties once the system dynamics are controlled in the sliding mode. The insensitivity of
the controlled system to uncertainties exists in the sliding mode, but not during the reaching phase, i.e., the system
dynamic in the reaching phase is still influenced by uncertainties.

Recently, some researchers have adopted the idea of total SMC (TSMC) to get a sliding motion through the entire state
trajectory, i.e., no reaching phase exists in the control process, so that the controlled system through the whole control
process is not influenced by

Uncertainties. This paper attempts to extend the Adaptive TSMC (ATSMC) methods to voltage and current control of a
single PWM inverter [3].This paper is organized into five sections. Following the introduction, the system description of a
high-performance inverter is described in section Il. In section 1, the control based on ATSMC methods are developed
for the stand-alone and grid-connected power supply modes respectively. In addition, simulation analysis is performed to
demonstrate the efficiency and applicability of the developed methodologies in Section IV. Finally, some conclusions are
drawn in Section V.

2. System Description

Shows the proposed high-performance inverter scheme, including a unipolar PWM full-bridge inverter, an ac output
circuit, and a closed-loop control method. . The PWM inverter framework includes four power switches (TA+ ,TA-, TB+,
and TB-) and a low-pass filter (Lf and Cf). Moreover, ZL represents an output load in the stand-alone power supply
mode, and vu denotes the utility voltage in the grid connected power supply mode. The switch Tg in is designed to
transfer different power-supply modes.

In general, the inverter is working in the grid connected power supply mode to transmit the power of DG units into the
power grid. When a fault on the utility is detected, the inverter is disconnected from the power grid by changing the
switch Tg to supply the power of DG units for specific standalone loads, e.g., emergency electrical equipment with
sustainable power capacity. If the utility power recovers, the proposed inverter is operated at the grid connected power
supply mode again.

All loads are supplied by the utility power if it is available. According to the change of control modes, the closed-loop
control method can manipulate the output current (i) with a high power factor in the grid connected power supply mode

or control the output voltage (Vo) with a low THD in the stand-alone power supply mode [3].
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Figure 1: High performance inverter

3. PWM INVERTER CONTROL
A. ATSMC for Stand-Alone Power Supply Mode

The objective of the ATSMC in the stand-alone power supply mode is to force the system state (x = vp) to track a
reference output voltage (XD = vcmd) under the possible occurrence of system uncertainties. Define a voltage control

error (ev) and a stand-alone sliding surface (sl) as The block diagram of ATSMC system for stand-alone power supply

mode The ATSMC system is divided into three main parts.

The first part addresses the performance design. The objective is to specify the desired performance in terms of the
nominal model, and it is referred to as the baseline model design (ub). Following the baseline model design, the second
part is the curbing controller design (uc) to totally eliminate the unpredictable perturbation effect from the parameter

variations and external disturbance so that the baseline model design performance can be assured. Finally, the third part is

the adaptive observation design estimate the upper

ATSMC for Stand-Alone Power-Supply Mode

Model Desi '— Stand-Alone Power-Supply Dymamde Model

[ o |
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Figure 2 : Block diagram of ATSMC for stand-alone power supply mode

Bound of the lumped uncertainty to alleviate the chattering phenomenon caused by the inappropriate selection of a
conservative constant control gain in the curbing controller. The entire control methodologies of the ATSMC system are

summarized in the following theorem [9] [3].
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B. ATSMC for Grid Connected Power Supply Mode

The objective of the ATSMC in the grid connected power supply mode is to force the system state (xg = i0) to track a
reference output current (xgd = icmd) under the possible occurrence of system uncertainties. Define a voltage control
error (ei) and a grid connected sliding surface (sg) ei (0) is the initial value of ei (t) and is a positive constant. The
proposed ATSMC system for the grid connected power supply mode, as can be divided into three main parts. The first
part addresses the performance design. The objective is to specify the desired performance in terms of the nominal model,
and it is referred to as the baseline model design (ugb). Following the baseline model design, the second part is the
curbing controller design (ugc) to totally eliminate the unpredictable perturbation effect from the parameter variations and
external disturbance so that the baseline model design performance can be assured. Finally, the third part is the adaptive
observation design (") to estimate the upper bound of the current lumped uncertainty to alleviate the chattering
phenomenon caused by the inappropriate selection of a conservative constant control gain in the curbing controller. The
entire control methodology of the ATSMC system is summarized

B = xg - xg:". = 1g = limg

sg(t) = &(t) — e;(0) + a [ e;(1)dr

ATSMC for Grid-Connected Power-Supply Mode
Basoline Grid-Connected Power-Supply
} Model Design Dynamic Model
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Figure 3 : Block diagram of ATSMC for grid connected power supply mode

4. Simulation Results
The performance of the proposed control strategy was evaluated by computer simulation using MATLAB /Simulink

power system toolbox.
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Figure 4 : Simulink Model (Change The Ckt)
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A. Stand-Alone Power Supply Mode
The ATSMC provides triggering pulses for the switches in the PWM inverter. DC battery provides the constant
DCvoltage for the proposed inverter. In the unipolar PWM full- bridge inverter, an insulated-gate bipolar transistor
module including four power switches is adopted, and a low-pass filter with the values of Lf = 80 mH and Cf = 50 pF is
selected By considering the switching frequency and the output fundamental frequency. In this paper, the dc bus voltage
(\Vd) isset at 360 Vdc, and the reference ac output voltage (vemd) is set at 220 Vrms at 50 Hz in the stand-alone power
supply mode. The parameters for the ATSMC system in the stand-alone power supply mode are chosen to achieve the
best control performance by considering the requirement of stability as follows:

kl1=7.2,k2=0.3,, wave length =0.5
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Figure 5 : Output voltage of proposed system with rectifier with RLC load

The experimental voltage response of the stand-alone power supply mode with the proposed ATSMC under the nonlinear
load composed of a rectifier with a resistor (500 Q) inductor (500 uF) capacitor (500 uF) (RLC) load From FFT analysis
as the THD within the output voltage can be constricted inside 2%to maintain low output voltage harmonic, even under
the nonlinear load condition. The proposed ATSMC can provide over 29.5% THD reduction than the proportional
resonant voltage controller under the occurrence of dc bus voltage variations. Moreover, the proportional integral voltage
controller usually needs manual retuning before being transferred to the process under different operation conditions and
uncertainties in practical applications [3].
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Figure 6 : FFT analysis of output voltage
B. Grid Connected Power Supply Mode
The parameters for the ATSMC system in the grid connected power supply mode are chosen to achieve the best control

performance by considering the requirement of stability as follows
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Figure 7 : Grid Connected Power Supply Mode-I
shows the experimental response of the digital PLL control scheme, where icmd denotes the grid connected current
command. As can be seen from Fig. 7, one can obtain that the grid connected current command can be quickly controlled
in phase with the utility voltage (vu) inside 50 ms. This performance is helpful to achieve the objective of unity power
factor in the grid connected power supply mode. The experimental voltage and current responses of the grid connected
power supply mode with the proposed ATSMC. As the inverter current is synchronized with the utility voltage, the grid-

connected power factor is measured to be 99%.
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Figure 8 : Grid Connected Power Supply Mode -11
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The PWM inverter is designed for 1 KW. In grid connected mode, a 5 KW resistive load is connected between the grid
and the inverter. Therefore the load is served by both utility grid and the inverter. Normally the PWM inverter operates in
grid connected mode, then the ATSMC is in current control mode and provide triggering pulses to the switches in the
PWM inverter. If there is any fault in the utility grid then a trip command given to the transfer switch and change the
inverter to stand-alone power supply mode. At the same time, the ATSMC changes to voltage controlde switching pulses
to the PWM inverter. The fault condition is detected by an intentional islanding detection algorithm. load voltage
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Figure 9: Output voltage response in stand-alone and grid connected mode
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During the fault condition the load is supplied by the PWM inverter with the DC battery in stand-alone power supply
mode. The ATSMC controls the output voltage of the inverter with a low THD. The PWM inverter maintains the
magnitude of the load voltage at 220 V as same as that of grid connected mode. If the fault is cleared and the utility power
recovers, then the transfer switch closes and the PWM inverter is operated in grid connected power supply mode again.
Then the load is supplied by both the inverter and utility grid. According to the change of power supply modes, the
ATSMC can manipulate the inverter current with a high power factor in grid connected power supply mode. Some
research works have investigated that the grid connected power factor is measured to be 97%, and the THD within the
grid connected current is about 12.5% for a PWM inverter with a conventional PI current controller in the grid connected
power supply mode. Although this degenerated grid connected response can be improved by adjusting the control gains in
the PI current controller, it will result in redundant human effort and time in the gain tuning of the PI current controller
[3]. So the inverter with the ATSMC indeed yields better grid connected performance with a higher power factor and
smaller THD values.

5. Conclusion

Renewable energy sources like solar, wind and micro-hydro power can be interfaced through the distributed power
generation modules with the micro-grid system, which can operate in islanded mode and grid-connected mode. The
modeling, control and simulation study of a Distributed Generation inverter developed using MATLAB / Simulink was
presented in this paper. Stable control strategies were designed for a single PWM inverter addressing the issues of both
stand-alone and grid connected power supply modes. An Adaptive Total Sliding Mode Controller was used for voltage
and current control of the single phase inverter in stand-alone and grid connected power supply mode respectively. This
lead to the minimization of THD in the output voltage and the improvement of power factor of the output current of the
inverter. Hence, the PWM inverter has been used to provide high power quality ac output through the proposed control
technique. Robust control performance, high stand-alone power supply quality, high grid connected power supply quality
and automatic transformation between the stand-alone and grid connected power supply modes are the advantages of the
DG inverter with the ATSMC scheme. The simulation results obtained using the MATLAB/SIMULINK software
environment were incorporated to verify the effectiveness of the proposed system
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