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ABSTRACT: The design of the DC-bus voltage control scheme is challenging due to the presence of second harmonic
ripples in grid connected inverters. PI controllers are used in the conventional voltage scheme. Though the transient
performance is improved with the help of these controllers, low-frequency ripple exists in the control loop. The
proposed DC-bus voltage controller is based on an adaptive droop control technique which is in conjunction with a new
sampling method to calculate the mean value of the DC-bus voltage. Hence the improvement in transient response and
the reduction in low-frequency ripples are possible in the proposed scheme.Also, the simple structure of the controller
makes it very practical for grid connected inverters. T-source inverter has an ability to perform DC to AC conversion
and buck boost operation. The reduction in number of passive elements is an advantage of T-network. To support the
theoretical analysis simulation models have been developed using MATLAB (R2013a) software. The results obtained
demonstrate the superior performance of the proposed control approach compared to conventional DC-bus voltage
control schemes.
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I INTRODUCTION

Due to the decline of fossil fuels in the recent scenario, to meet the load requirements renewable energy plays an
important role.Renewable energy is the alternate key to future global sustainability, and many endeavors are being
made to harvest renewable energy in an efficient and profitable manner. Environmental concerns and reducing fossil
fuel reserves increase the urgency of transitioning toward the alternate, clean renewable energies. This explains the
exponential growth of wind turbine (WT) and photovoltaic (PV) usage in the past decade .However,their controllability
is a great challengedue to the variable nature of the power produced by WTs and PVs makes. Thus, two main issues
must be addressed in order to bring grid-connected renewable energies into the picture: cost and controllability.

. TYPICAL POWER CONDITIONING SYSTEM

A typical power conditioning system used in renewable energy applications has two stages, and therefore it requires
two separate control schemes .The first stage is called the input-side converter, and it is usually an ac/dc rectifier for
WTs or a dc/dc converter for PVs .The second stage is called the grid-side converter, and is typically a dc/ac inverter
for most of the systems. The achievement of the maximum power point tracking (MPPT) is the main task of the input-
side converter and hence extract maximum power from WTs or PVs. The main task of the grid side converter is to
ensure that all of the power extracted by the first stage is effectively transferred to the grid. Figurel shows a typical
power conditioning system.

Copyright to JIRSET DOI:10.15680/1JIRSET.2016.0505184 7705



s ISSN(Online) : 2319-8753
21 ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An 1SO 3297: 2007 Certified Organization)

Vol. 5, Issue 5, May 2016

Wind
= Grid
— Wind -

Turbine & Al/DL
— Converter

Generator
—_—

PV Panel Crid

Fig.1 Power conditioning system

I"i. CONVENTIONAL VOLTAGE CONTROL METHOD

The voltage across the capacitor between the two stages of power conversion, known as the dc-bus capacitor, must be
regulated. The dc-bus capacitor acts as an energy storage capacitor and provides the flexibility to alternate the
instantaneous power in between the two stages. Thus the DC-bus capacitor gives the system, the ability to absorb
sudden changes in power coming from the input-side converter. Also, in order to decouple the power ripple by
providing low-frequency currentthe dc-bus capacitor is used. In conventional DC-bus voltage control schemes, a very
low bandwidth PI controller is used. The PI controller should have a very low bandwidth in order to prevent the low-
frequency ripple from propagating to the control loop through the dc-bus voltage feedback. Therefore, the conventional
DC- bus voltage controller produces a very sluggish and poor transient response. Figure 2 shows the conventional
voltage control scheme which consists of the inner current and outer voltage loops. PI controllers are used.

Voltuge Current Grid-Connected
Controller Controller Single-Phase VSI

Fig.2. Conventional voltage control scheme

(AVA PROPOSED SYSTEM

The block diagram of the proposed system employing the adaptive droop voltage controller is shown in Figure 3. The
maximum power output of the solar panel is given to the SAZZ converter which boost the voltage value before it is
being given to the inverter circuit. T- source inverter is employed so that it performs the DC to AC conversion and buck
boost operation in a single stage. Thus the number of passive elements are reduced. Adaptive droop voltage control in
conjunction with mean value calculator is employed to the grid side converter.
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Fig.3 Block diagram of the proposed system

In future, the world anticipates to develop more of its solar resource potential as an alternative energy source to
overcome the continued shortages and the unreliability in the power supply. In order to maximize the power output the
system components of the photovoltaic system should be optimized. For the optimization maximum power point
tracking (MPPT) is an excellent technique that grid tie inverters, solar battery chargers and similar devices use to get
the maximum power that is available from one or more solar panels. Among the different methods used for tracking the
maximum power point, Perturb and Observe method is an important strategy to optimize the power output of an array.
In this method, the controller adjusts the voltage by a small amount from the array and measures power, if the power
increases, further adjustments in that direction are tried until power no longer increases.

SAZZ (Snubber Assisted Zero Voltage and Zero Current Transition) topology was proposed with the goal ofreducing
switching losses in dc chopper circuits and thereby allowing for a high frequency switching. The reduction in losses is
obtained by combining a conventional dc chopper topology with a snubber which is placed across the main switch and
an auxiliary circuit. The snubber reduces the voltage across the main switch in the moment of turn-off where as the
auxiliary circuit discharges the snubber prior to the next switching cycle. Basic circuit diagram for the uni-directional
boost SAZZ topology is depicted in Figure 4.

Fig.4.SAZZ Converter topology

V. MODEL OF T-SOURCE INVERTER
Normally the inverter converts DC input into AC output. In a normal voltage source inverter (VSI), additional filters

are used for filtering the harmonics which increases the number of passive elements of the network and thereby the cost
of the total system. T- Source inverter is utilized for the purpose of inversion and boost function in one single stage.
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Normally Z-source inverter requires two inductance and two capacitance but T-source inverter requires a very
low leakage inductance transformer which should be made with high precision. In such a way, the number of
passive elements is reduced because only the transformer and the capacitor are needed so that total volume of the
system can be minimized. Thus, the overall cost of the system is reduced. TSI can handle shoot through states when
both switches in the same phase leg are turned on. The T-network is used instead of the LC-network for boosting the
output voltage by inserting shoot through states in the PWM. The operating principle of T — Source Inverter same as
that of conventional ZSI. All the PWM Methods are used for controlling the T-source inverter. Here, Simple Boost
Control Method is used to control the T- source inverter. TSI operate in Shoot through mode and Non shoot through
mode. In shoot-through mode of operation, the output voltage is boosted.

T-source network has low reactive components compared with conventional ZSI. Due to this, the efficiency increases
considerably. The equivalent circuit of T-Source inverter is shown in Figure 5.The features of T — Source inverter are
Low reactive components in comparison withthe conventional Z-source inverter, Use of a common voltage source of
the passive arrangement, Minimize the number of switching devices,No needs of dead time,Inductor decreases the
inrush current and harmonics in the inrush current.
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Fig 5. Equivalent circuit of a T-Source Inverter

VI. ADAPTIVE DROOP VOLTAGE CONTROL METHOD

This section presents a dc-bus voltage adaptive droop control technique, which is able to regulate the dc-bus voltage to
a constant value. The droop controller, in conjunction with a sensing technique known as the mean value calculator, is
proposed to improve the transient response and steady-state performance of the dc-bus voltage controller for a single-
phase grid-connected VSI. Figure 6 illustrates the proposed dc-bus voltage controller.
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Fig.6 Adaptive droop voltage controller.
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According to the figure, the mean value of the dc-bus voltage is calculated and the sensing technique is used to feed
back the mean value as the dc-bus voltage. Therefore, the proposed control loop uses the mean value of the dc-bus
voltage, Vigus mean, instead of the dc-bus voltage itself, V gus.

Thus, the actual control parameter is the mean value of the dc-bus voltage given by

v vp +v, i
usmax™“busmin
busmean=—————-——"—

2

The mean value calculator eliminates the double frequency ripple present at the output voltage effectively so that the
feedback signal sent to the controller is the pure dc value of the dc-bus voltage. This allows the voltage controller to
have a very high band-width when compared to the conventional controllers. Figure 7 shows the block diagram of the
mean value calculator. According to this figure, the block makes use of the discrete value of the dc-bus voltage. Then,
the ripple of the dc-bus voltage is extracted using a discrete differentiator. The signal at the output of the discrete
differentiator and the double frequency ripple of the dc-bus voltage are 90 out of phase. Then, a comparator is used to
detect the zero crossings of this signal. Based on the rising edge and falling edge of the comparator, create the sampling
instants of the dc-bus voltage sample/holds.

The minimum and maximum of the dc-bus voltage values correspond to the values of the two mono-stable multi
vibrators. Finally, the minimum and maximum values are used to calculatethe mean value. The mean value of the dc-
bus voltage is the input to the droop controller. In the proposed droop control approach, the controller does not track a
reference signal applied to the control loop. Instead, the maximum of the bus voltage is applied as the external signal to
the loop and the intersection of the droop controller profile and the load profile determines the equilibrium point of the
system. Thus instant action during transients, which considerably increases the speed of the control system is offered

by this controller.
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Fig.7 Mean Value Calculator

VII. PERFORMANCE ANALYSIS THROUGH SIMULATION

From the simulation results it can be shown that maximum power is transferred to the grid with the help of the adaptive
droop voltage controller.Figure 8. shows the voltage across the DC bus capacitor

Fig.8 DC bus capacitor voltage
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The simulation result shows that the voltage across the DC bus capacitor is available at the inverter output.Figure 9
shows the voltage output of the inverter.

Fig.9 Inverter output voltage

VIIl.  CONCLUSION

A novel DC-bus voltage control approach has been proposedin this paper, which is able to demonstrate a very fast and
reliable performance for a single-phase grid-connected inverters. Theproposed control approach includes a new sensing
techniquefor the DC-bus voltage that can effectively regulate the DC bus voltage. This controller is well-suited toward
certain hybrid renewable energy applications, where a constant dc-bus voltage is required. This system minimizes the
overall losses of the system and improves its efficiency. The simulation results obtained demonstrate the superior
performance of the proposed control approach compared to conventional DC-bus voltage control schemes.
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