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ABSTRACT

There has been drastic increase in the demand of electricity. DC-DC converter play vital role in the renew-
able energy sources like grid-connected power applications as PV arrays gives low voltage. Hence it is proposed to
introduce a soft switching DC-DC converter with high voltage gain to increase the power output in the existing
system. DC-DC converter is an electronic device which is used to convert DC power efficiency from certain voltage
level to another. In general, the boosting of voltage results in the reduction of efficiency. In case of soft switching
system generally reduces the switching loss and increases the overall efficiency. Generally the boosting of voltage
results in the reduction of efficiency. To overcome these problems, it is proposed a high gain interleaved DC Boost
Converter, intermediate capacitor and leakage inductor in this paper. The input energy stored in the magnetic field
will give without any losses. The inductors provides with a passive clamp network which recovers the energy through
leakage inductance leading in improved voltage gain and efficiency. The advantage of using passive clamp network
reduces the voltage stress on the switch. In this proposal the values of duty cycle are not required as it does not have
an reverse recovery problem and also the proposed converter, capacitor and inductor can be used for both AC & DC
applications.
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1. INTRODUCTION

Energy consumption tends to grow continuously. Due to this the rapid use and depletion of fossil fuel occurs.
These factors lead to the need the resources of renewable energy such as wind, fuel stack, photovoltaic etc.
Researches were confirmed to gain maximum power with high efficiency from renewable energy. Solar and fuel
cells play the major role among resources of renewal energy and act as major challenges. The conversion of energy
from photovoltaic and fuel cell in to useful form of energy like AC, DC source is increased to meet global energy
requirements.

DC High step up converter play major role in backup energy for grid system (Zhao, 2003) and in many
application refer Fig.1. The boost converter is used to obtain high voltage output but operate at extreme duty cycle.
Theoretically boost converter gain tend to infinite when duty cycle tend to unity. Step up converter with coupled
inductor provides high output voltage without using extreme duty cycle and reduce voltage stress across the switch.
Single switch topology may reduce switching losses and stress across the switch the single switch with high gain
interleaved DC boost converter is proposed to obtain high output voltage and act as soft switching converter an
interleaved converter with single switch can have low input current ripple and reduced switch current stress due to
interleaved operation.

The major challenges of renewable energy sources are due to non-linear characteristics. The MPPT
(maximum power point tracking) is required to track maximum power from PV panel Because of safety is uses, the
operating output voltage level is very low between 25-50 V. Thus large voltage boosting is required for various
applications.

The disadvantage of conventional converters are that it affects the magnetic components and produces high
losses due to large peak current on input side. Large voltage flows across the switch. Voltage rating and ON State
resistance switch are proportional and conduction loss increase. Due to large duty cycle, there is an increased loss in
resistances of capacitor and inductor. Diode reverse recovery is a major disadvantage. In order to attain high gain
and high efficiency converters, there is a need to implement MPPT and step up voltage level.

Several topologies are available in the past. The following converter can achieve high voltage at output
side. Direct step up voltage is obtained without using high frequency transformer. Coupled inductor is used for energy
storage of magnetizing inductance to increase voltage level. Use of interleaved couple inductor is build using small
inductors, division of current and higher effective inductance is used in this converter. In order to recover the leakage
energy in the coupled inductor, the active and passive circuits are used. In addition to this, the proposed converter
gives multiple output which be used for both AC and DC application.
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Figure.l. Block of PV power conversion system
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DC - DC Boost Converter Topologies:

Isolated current fed boost converter: In this converter shown in Fig.2, the DC voltage obtained from the PV panel
is converted to AC. The low AC voltage is converted into DC voltage by using high frequency transformers. Thus
high output is obtained in the output side. Direct voltage step up using high frequency transformers results in high
voltage spikes across switches and large ripple in primary side transformers current as the turn ratio in the high
frequency transformer increases. It also has more number of switches.
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Figure.2. Isolated current-fed boost converter

Coupled inductor boost converter: Coupled inductor can serve as transformer to enhance the voltage gain in non-
isolated DC-DC converter (Li, 2011) which is shown in Fig.3. In proportion to turns winding ratio, they can achieve
high voltage gain using low resistance on switches which work at low voltage level. The switching is simple as the
converter uses single switch to reduce passive components size. Coupled inductor is integrated into single core.
Normal boost converters are not able to step to step up at low level. So coupled inductor boost converter is a good
solution to the problems of conventional boost converter (Xu, 1991). The turn ratio of primary and secondary induc-
tor of coupled inductor can be effectively used to reduce duty ratio and voltage stress. To reduce voltage stress of
primary side and secondary side witches rectifier diode, the high gain interleaved circuit is in integrated into coupled
boost technology.
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Figure.3. Coupled inductor boost converter
Interleaved coupled inductor boost converter: The interleaved boost converter is widely used for frontend
applications (Nagarajan, 2012). It is not suitable for high step up system due to extreme duty cycle, large current
ripple, high switch voltage stress and severe output diode recovery problem.

In the above coupled inductor boost converter with addition of interleaved structure for further increases its
efficiency. Interleaved boost converter in Fig.4, has high voltage step up, reduced voltage stress. The steady state
voltage ripples at the output capacitor are reduced. The more inductors increases the complexity but it is preferred
because it reduces ripple content in the input and output sides.
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Figure.4. Inter leaved coupled inductor boost converter

The advantages of proposed converter is as follows,
The converter is characterized by low ripple current and low losses.
It is suitable for high power applications.
The converter can achieve high step up gain that is required by renewable energy system.
Switching losses are highly reduced.

e Low cost and high efficiency can be achieved.
Active clamp converter: In active clamp converter shown in Fig.5, the magnetizing inductance is transferred into
clamp capacitance. The voltage across clamp capacitance slightly increases and magnetizing current reaches zero.
Switching loss can be reduced using active clamp circuit. Turn ON losses can be reduced with proper selection of
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switch delay. The magnetizing and decayed energy are recycled and returned to sources. This benefit improves the
power conversion efficiency.

In the proposed converter, the active clamp network is used along with interleaved inductor.
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Figure.5. Active clamp converter

Passive clamp converter: The converter uses diode capacitor combination along with conventional fly back
converter. The leakage energy is recovered and transferred to output directly which results in improved efficiency.
The voltage stress across the switch is very much less. The passive snubber operation is achieved with the help of
minimal additional circuitry consisting of the high frequency diode and a filter capacitor which is shown in Fig.6. It
can perform MPPT, voltage boosting as well as current shaping in single stage. The converter can be used for the
voltage boosting stage for single and multi stage grid tied or stand alone inverters used for low voltage renewable
energy micro sources.

Thus in the proposed converter, the efficiency can be improved. High voltage gain is achieved without using
extreme duty cycle (Nagarajan, 2010).
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Figure.6. Passive clamp converter

2. METHODS & MATERIALS
Description of Proposed Converter: Efficiency of energy conversion of solar PV is quite low (Nagarajan, 2007).
Therefore, it is essential to use highly efficient power conversion system for maximum utilisation of PV generated
power. The proposed high gain converter shown in Fig.6, consists of one clamp network, a coupled inductor and
intermediate inductor. The single VPV is PV voltage and it access main switch. A coupled inductor primary is
denoted as L1 and secondary inductor is denoted as L2, and output capacitor is CO while output diode is D3. Average
output across load is V0. The storage capacitor C2 stores the intermediate energy and feedback diodes represented
as D2 are connected on secondary side. The VL1, VL2 are voltage across inductor L1 and L2. The gain ratio is equal
to VL2/VL1.
DC to AC power inverter aims to efficiently transform DC power to high voltage AC power. The low voltage
DC obtained from solar panel or fuel cells must be convert to high voltage AC devices that runoff on AC power.
This method in which the converter is designed to convert low voltage DC power into two steps:
e The conversion of low voltage DC power to high voltage DC source.
e The conversion of high DC source to an AC waveform using pulse width modulation.
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Figure.7. Circuit diagram of proposed converter

The proposed converter will have the following advantages:
It involves high gain boosted output.
It is applicable for both AC and DC applications.
It has less number of components.
Improved voltage regulation is obtained.

e Achieves low ripple output current separate inductors.
Operating principle: The various operating modes of continuous conduction are described below MODEL [to-t1]:
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Switch (S) is turn on and current flow through switch and L1, energising magnetic inductance (Lm) of
coupled inductor. The two diodes D1 and D3 are reverse biased and D2 is forward biased. The intermediate capacitor
C2 is charged through D2 by L2 and C1 as shown in Fig.8. If voltage across intermediate capacitor (C2) is equal to
the summation of voltage across L2 and C1, diode (D2) turns off. The current through Lm is obtained by following
relation:
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Figure.8. Mode |
Mode 2 [t1-t2]: In this mode switch S is turned off. The parasitic capacitance of the switch S is charged by
magnetizing current flowing through L1. Diode D2 remains forward biased and current flow through it which is
described through Fig.9. The magnetizing inductance current is given by:
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Figure.9. Mode Il
MODE 3 [t2-t3]: In this mode diode D1 and D3 are forward biased. D2 is reverse biased and its current becomes
zero. Leakage energy of primary side of coupled inductor (L1) is recovered and stored in capacitor C1 through D1.
The energy is transferred from input side to output side through diode D3 as shown in Fig.10. The recovered leakage
inductance current is given by:
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Figure.10. Mode 111
MODE 4 [t3-t4]: After the recovery of leakage energy from inductor L1 the mode begins. The diode D1 becomes
reverse biased while D3 remains forward biased. The current flow from input to output to supply the load as shown
in Fig.11.The current flowing through Lm is given by:

(4

Figure.11. Mode IV
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MODE 5 [t4-t0]: Switch S is turned ON. Leakage inductor energises while parasitic capacitance across switch
discharges. The two diodes D1 and D2 are reverse biased. The mode ends when D3 becomes reverse bias and current
flow through L2 changes direction as shown in Fig.12. Secondary inductor current is given by:
( - 2- )
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Figure.12. Mode V
3. EXPERIMENTAL RESULTS AND ANALYSIS
The proposed converter is simulated by using Matlab Simulink software and the input and output current
and voltages were obtained as shown in graphl to graph7. The simulation circuit is shown in Fig.13:
Table.1. Specification of proposed converter:

Rated power 400 W
Input DC voltage 25-50V
Output DC voltage 380 — 400 V
Output AC voltage 380 — 400V

Value of magnetizing inductance | greater than or equal to 48 micro Henry
Turns ratio of coupled inductor | 4
Switching frequency
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Graph.7. AC Output Current

4. CONCLUSION

The high gain, high frequency converter proposed in this paper is suitable for low output voltage sources
such as solar PV, fuel cell stack and battery. The circuit efficiency can be achieved nearly 95%. The proposed con-
verter has turns ratio of inductor around 4 or 5 and duty cycle may be 0 to 0.7. High voltage gain is achieved without
extreme duty cycle. The reason for high efficiency is reduction in switching losses. Moreover high gain design is
implemented to achieve higher value of output voltage. The major advantage of proposed converter is that it is
applicable for both AC and DC loads.
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