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ARTICLE INFO ABSTRACT

Article history: In this research work a novel transformer lesshHigost interleaved boost dc-dc

Received 10 December 2015 converter designed by switched capacitor and sedtcinductor for a fuel cell

Accepted 28 January 2016 application is proposed. In this paper a fuel eéth an electric application, of a high

Available online 10 February 2016 power boost dc-dc converter is adopted to adjesbtitput voltage, current and power
of fuel cell to meet requirements. The challengdésigning a boost converter for high

Keywords: power application is how to handle the high curr@nthe input side and it has high

switching loss. In this work an interleaved boostdd converter is proposed with the
absence of transformer and also with high boostatip. This converter reduces the
fuel ripple current. Since the fuel cells are ogstin equivalent electrical circuit is
implemented instead of a fuel cell.

INTRODUCTION

The renewable energy such as fuel cell is consiles alternative to fossil energy mostly for reasof
pollution and efficiency.The proton exchange membrauel cell (PEMFC) has been considered as a gioqi
kind of fuel cell during the last 10 years becaofsis low working temperature, compactness ang easl safe
operational modes.

The traditional type of Dc-Dc converters are impaot in portable electronic devices which are siegbpl
with power from batteries primarily. Switched D& DC converters offer a method to increase volfaga a
partially lowered battery voltage thereby savingapinstead of using multiple batteries to accashplhe same
thing. Most DC to DC converters also regulate thgot voltage. The interleaved Dc-Dc converterssdito
achieve low input —current ripple and high effiagnpower conversion by the develop ripple candelfat
characteristics at the high current side.

1.1 Fud Cdll:

The fuel cell is drawing the attention by researshas one of the most promising power supply & th
future. Due to high efficiency, high stability, loenergy consumed and friendly to environment, tditinology
is in the progress to commercialize. Fuel cell higher energy storage capability thus enhancingahge of
operation for automobile and is a clean energycsur

PROTON exchange membrane (PEM) fuel cell is a dettiag converts chemical fuels into electric power,
with many advantages such as clean electricity rg¢ine, high-current output ability, high energyndity, and
high efficiency. The PEM fuel cell presents a logftage output with a wide range of variations. @ PEM
fuel-cell system applications, the dc—dc conventeist be concerned with the following design critetarge
step-up ratio, low-input-current ripple, and isaat
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1.2 Equivalent Model For Fuel Cell:

Fuel cells of various types are considered asratves to fossil energy mostly for reasons ofyimn and
efficiency. The proton exchange membrane fuel @#MFC) has been considered as a promising kirfdebf
cell during the last 1years because of its low waykemperature, compactness, and easy and safatiopal
modes. The proton exchange membrane (PEM) fueisgkry simple and uses a polymer (membrane) &s th
solid electrolyte and a platinum catalyst.
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Fig. 1.1: Proposed circuit model of PEM fuel cell module.

The hydrogen from a pressurized cylinder entezsatiode of the fuel cell and the oxygen (from eimers
the cathode. Protons and electrons are separatedHydrogen on the anode side. In a basic PEM tll,
protons are transported to the cathode side thrtheggholymer and the electrons are conducted thrthg load
outside the electrode. A fuel cell stack is composeseveral fuel cells connected in series sepdray bipolar
platesand provides fairly large power at higher voltagd aurrent levels.
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Fig. 1.2: Simulated waveforms of fuel celC£€1F,Ls = 10 mH).

There is a need to model the PEMFC for optimiziagperformance and also for developing fuel celivpr
converters for various applications. Almost all thhedels proposed for the PEMFC consist of mathemlati
equations and are not of much use in power conygystem simulation and analysis. Other modelsENPC
use Matlab—Simulink, but they are still mathemadtica nature. The models include several chemical
phenomena present in the fuel cell and hence arglex. Some of the physical variables like pressamd
hydrogen input are constrained in a commercial éedllmodule and this makes the fuel cell operasionpler.
This also allows the use of a simpler electricuiirmmodel useful to a power electronics designer.

The model uses the nonlinearity of a junction di@hd the current control feature of bipolar jubrti
transistors (BJTSs). In the proposed model, a disdesed to model both the activation losses andbtimaic
losses in a PEMFC,while two BJTs are used to mibgeiass transport losses.

Interleaved Dc-Dc Converter:

The interleaved dc—dc converter shown in Fig. i . Hesigned and implemented to achieve low input-
current ripple and high-efficiency power converstonthe developed ripple cancellation charactesstit the
high current side and voltage-doubler topologyhathigh-voltage side. Because the fuel-cell stackd storage
ability for electric energy, an energy-storage devsuch as the Li-ion battery is usually used an high-
voltage output dc bus of the power converter ircfical high-power applications.

The interleaved boost dc-dc converter consistsvofparallel connected boost converter units, wdod
controlled by a phase-shifted switching functiontgileaved operation).Since this converter has peasallel
units, the duty cycle for each unit is equal to (¥¥in)/Vout, and it is same for each unit due w@raglel
configuration. A phase shift should be implemenbetween the timing signals of the first and theosec
switch. Since there are two units parallel in tosverter, the phase shift value is 180.

The current-fed full-bridge dc—dc converter comgabwith an input chokkin, power switche©QA ~ QD, a
step-up transformerl, and a secondary voltage doubler. The input chakects as a boost inductor to store
and release the energy from the fuel-cell stackdecordance with the primary switches’ operatione Tty
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cycle D for power switche®QA ~QD is always higher than 50% to retain the continaifythe input inductor
currentl Lin.
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Fig. 2.1: Interleaved Boost DC-DC Converter.
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Fig. 2.2: General interleaved dc-dc converter.

The voltage doubler is addext the transformer secondary side to reduce thtag®lstressesf the
secondary rectifier diodes for the studied hightage output applicationsVNp and VNs represent the
transformeiprimary and secondary voltages, respectively.

2.2 Existing Model System 1 Description:
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Fig. 2.3: Interleaved boost converter without transformer.

The fuel cell is given as the input to the exigtmodel of transformer less interleaved dc-dc carveThe
interleaved boost dc-dc converter of proposed mdadel only two switches. The switches are genemlly
MOSFET which are operated or triggered by a PWMegator. Since the transformer is reduced, the kinitc
loss is considerably low and the fuel ripple cutiisrreduced by the interleaved dc-dc convertey.Z=8 shows
the proposed model of the interleaved boost doedeerter.

The operating modes can be divided into two mo8estches sand s are turned on in the first mode.
From fuel cell all the inductors are charged in plagallel form. Capacitor {&harges capacitor,CThe energy
stored in capacitor {and G is released to load. During second mode, switshard s are turned off. Now the
capacitor G and Gare being charged. And the energy is stored iinthector.



108 A.Ganesan and Dr.S.Kumaresan, 2016
Australian Journal of Basic and Applied Sciences,d(1) January 2016, Pages: 105-109

2.3 Proposed Circuit Model:
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Fig. 2.4: Proposed dc-dc converter.

Simulation Model:
The simulation model of the transformer less Higbst interleaved boost Dc-Dc converter with fuel an
input is designed using MATLAB and it is shown ig 8.1
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Fig. 3.1: simulation model of high boost dc-dc converterhviitel cell as input.

Conclusion:
The voltage loss in considerably reduced in tleppsed model. The input voltage is boosted upieffity
by using the transformer less interleaved highsbdo-dc converter are obtained as shown in table

DC-DC CONVERTER INPUT VOLTAGE OUTPUT VOLTAGE
EXISTING-1 CONVERTER 50V 229V
EXISTING-2 CONVERTER 50V 229.9V
PROPOSED CONVERTER 15V 230V

REFERENCES

Lu, D.D.C. and V.G. Agelidis, 2009. “Photovoltaiettery-powered dc bus system for common portable
electronic devices,/EEE Trans. Power Electron., 24(3): 849-855.

Sun, K., L. Zhang, Y. Xing, and J.M. Guerrero, 201A distributed control strategy based on dc bus
signaling for modular photovoltaic generation sysevith battery energy storageéEEE Trans. Ind. Electron.,
26(10): 3032—-3045.

Larico, H.R.E. and . Barbi, 2012. “Three-phase hpymill dc—dc converter: Analysis, design,
experimentation,TEEE Trans. Ind. Electron., 59(12): 4629-4636.

Pahlevaninezhad, M., J. Drobnik, P.K. Jain, A. Bsddi, 2012. “A load adaptive control approach for a
zero-voltage-switching dc/dc converter used foctele vehicles,”|EEE Trans. Ind. Electron., 59(2): 920-933.

Lin, R.L., C.C. Hsu, S.K. Changchien, 2009. “Intexved four-phase buck-based current source with
isolated energy-recovery scheme for electricaltdisge machine,'/EEE Trans. Power Electron., 24(7): 2249—
2258.



109 A.Ganesan and Dr.S.Kumaresan, 2016
Australian Journal of Basic and Applied Sciences,d(1) January 2016, Pages: 105-109

Hsieh, Y. P., J.F. Chen, T.J. Liang, L.S. Yang,R2ONovel high step-up DC— DC converter with couple
inductor and switched-capacitor techniques for stasoable energy system,” IEEE Trans. Power Electro
26(12): 3481-3490.

Chuang, Y.C., 2010. “High-efficiency ZCS buck congerfor rechargeable batteriedEEE Trans. Ind.
Electron., 57(7): 2463-2472.

Moo, C.S., Y.J. Chen, H.L. Cheng and Y.C. HsiehlR20“Twin-buck converter with zero-voltage-
transition,”|EEE Trans. Ind. Electron., 58(6): 2366—2371.



