Rex Journal ISSN 2321-1067 Renewable Research Journal

Coupled Inductor Based High Step-Up DC-DC Convertefor Fuel Cell
System Applications

Patil Anil Bhika
Research Scholar

prof.abpatil@gmail.com

Anupama Deshpande
Professor, Shri J J T University, Jhunjhunu, Ragst India

mangala.d.2000@gmail.com

Dileep Kumar
Principal, VPM’s Polytechnic, Thane, Maharashtralid

dknayak@vpmthane.org

Abstract:-Fuel cell can convert chemical energy of Hydrogeo lectricity but with very
low output voltage. A high step up dc-dc conveagia front end converter is essential for FC
based application whether employed in a distribuigederation system or grid connected
operation. This paper presents a coupled induetsed high step-up dc-dc converter that can
be used for fuel cell based applications. The psedaconverter integrates voltage boost cell
with the single switch coupled inductor based gatdrboost converter to achieve high
voltage gain with low duty ratio and turns ratiattwiow voltage stress on the active switch.
The small voltage stress on power devices faaktetst switching devices with reduced
losses. These features of the proposed convertkrcegepower losses, size and cost in
addition to increased conversion efficiency. Thepased converter’s operating principle and
steady-state analysis are presented in detail. prbposed converter is simulated using
PSpice simulation software to validate the convedperation, theoretical analysis and
performance.

Keywords— DC-DC converter - Sustainable energy - Coupldddtor - High voltage gain -
Low voltage stress

| — Introduction:- Energy is a key source of economic developmentesihds a basic
ingredient in many industrial and consumer acesitilt is one of the most critical inputs for
economic growth. Energy not only stimulates ecomoamd social development, but it also
enhances people’s quality of life. As a result,bglowell-being and prosperity are closely
linked to energy growth. Meeting the growing demafut energy in a safe and
environmentally responsible manner is a big chgherFor almost 150 years, fossil fuels
such as coal, oil, and natural gas have poweredbeties. As of 2019, fossil fuels accounted
for 84 percent of global primary energy generafiidnFossil fuels are formed by carbon-rich
remains of animals and plants that decomposed, ss@d and heated underground millions
of years ago.When fossil fuels are burned to geéeeemergy, the carbon and other
greenhouse gases that have been stored in thenel@ased into the atmosphere. More over 8
million people die each year as a result of aitytimn caused by fossil fuels, implying that
the use of fossil fuels is responsible for one augvery five fatalities globally [2].It is now
critical to accelerate the use of non-fossil fukdaa energy. Hydrogen is considered as
another promising alternative to fossil fuel. Ty from the Hydrogen can be extracted
with the help of fuel cell (FC). FCsare electroclimahdevices that may use hydrogen as a
fuel and directly convert its chemical energy imectrical energy while producing only
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water and heat as by products. The output voltagleeoFCis usually very low, unstable and

unregulated. As a result, a high step-up dc-dc exdav is a must-have accessory for FC-
based applications such as micro-grids, distrilbuti@neration, DC distribution systems,

backup power, automotive, and aircraft applicativhere the voltage need is in the range of
380 to 400V DC.

The literature reports various boosting strategies topologies for step-up dc—dc converters.
In the switched capacitor (SC) technique, capaxitme charged in parallel and discharged in
series to boost the voltage level [3], [4]. The pter nature of the SC converters due to large
number of capacitors used to attain high gain ardel current spike makes switched
capacitor converters suitable only for small povegplications. To enhance the output
voltage level, inductors are magnetized in paraliel demagnetized in series in the switched
inductor technique [5], [6].Voltage multiplier cirts (VMCs) aid in achieving significant
voltage gain by including a limited number of adwial components [7]. VMCs are
generally made up of a variety of diode and capaabmbinations to provide a high dc
output voltage. Cascading multiple converter moslule another popular approach for
improving the voltage gain of a dc—dc convertere Tascade structure may also be coupled
with other voltage-boosting methods to further @ase voltage gain [8], [9]. Cascaded
converters have major downsides such as a high ewuwfbcomponents, lower efficiency,
and less system reliability. Voltage-boosting teghas based on coupled inductors have
been developed during the last two decades to est&tep-up ratio, and currently they have
become the most commonly utilized method [10], [I0je coupled inductor-based boost
converter can produce a high voltage boost ratih wio degrees of freedom, namely the
turns ratio of the coupled inductor in additionth® duty ratio. A coupled inductor with a
high turn-ratio, on the other hand, necessitatbgyaszolume and low power density. Hence
coupled inductor technique is integrated with otheosting techniques to build high step up
converter with optimum turn’s ratio and duty ratio.

This paper presents a single switch high step ugcdconverter for FC based applications
based on coupled inductor and cascading techniquashieve desirable features of optimum
duty ratio, optimum turn’s ratio, high voltage gaimngh efficiency, low ripple input current
and low voltage stress on power devices.

Il — Operating principle of the proposed converter
A — System configuration

Fig. 1 (a) shows the topology of the proposed Isigp up converter. This is a single switch
two-stage quadratic boost converter with voltagesbaell. The conventional boost converter
consisting Inductor |, diodes B, D, and capacitor Cforms the first stage of the proposed
converter. The second stage is coupled inductostboanverter with an integrated voltage
boost cell. The coupled inductor has two windingsnpry winding L, and secondary
winding Ls. The diode B and capacitor £placed around the coupled inductor form voltage
boost cell. The B is output diode and £is output capacitor. The dc voltage source and
output voltage are represented hy &hd \b respectively.

The proposed converter's equivalent circuit is shanvFig. 1(b), where the coupled inductor
is represented as a combination of a magnetizidgcitor L., a leakage inductance,land
an ideal transformer with corresponding turns ratio

The currents through and voltages across devieesegresented as follows; Liig, Vi1, L
iLm, Vim, Lk ik, Vik, D1t ip1,Vp1, D2t ip2, Vb2, Ds: ip3 Vbs, Do ipo, Vbo, Ci: ic1, Ve, Gt iz,
Vo, Col ico,Veo, primary and secondary windings of coupled indues i, iz and wp,
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Vnsrespectively. The drain-to-source and gate-to-suwaltages of MOSFET switch are
represented aspé and \&srespectively.
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Fig. 1 (a) The proposed converter (b) Equivalent cil

Figure 2 depicts some steady-state waveforms optbhposed converter in three operating
modes in Continuous Conduction Mode (CCM) during switching cycle.

B — Operating Principle
The operating principle of the proposed convedeandiplained on following assumptions.

» All components are ideal except the leakage inchwetaf coupled inductor.
» All capacitors are large enough and the voltagessadhem are constant.
* The inductor currentsi and i, are continuous and always positive.

« The turns ratio of the coupled inductor n is edaaily/N,.

Mode 1 [t, t3]: Switch S is turned on at timg tvhich forward biases diodes @nd @ and
reverse biases diodes &d D». Figure 3(a) depicts the current flow path. Theuinvoltage
Vin appears across the inductoy, lcausing the inductor current ito rise linearly. The
voltage &1 appears across the magnetising inductprahd leakage inductance, lcausing
iLm and ik to rise. The energy is therefore stored in indigctg, Ly, and L. Simultaneously,
a part of the energy stored in capacitqri€transferred to capacitor, @rough diode B
secondary winding, and switch S. This increasesé#pacitor voltage & while decreasing
the capacitor currentd linearly. At time {, the decreasing capacitor curregi becomes
zero, therefore turning off diodesDAs a result, currentgd and p are forced to zero. The
load current is supplied by the output capaciter This mode will be terminated at time t

Mode 2 [t, to]: During this mode, switch S and diode &tay turned ON, while diodes;D
D3, and ) are turned OFF. Figure 3(b) shows the current fi@ath. The currentsii, iLm,
and [k continue to rise in a linear fashion. During thi®de, the capacitor currers, and
secondary winding currert are both 0. Input source,\and capacitor Ccontinue to supply
energy to inductorsiLand Ly, respectively. The output capacitop €ontinues to supply the
load energy. When switch S is turned OFF at tinthis mode ends.

Mode 3 [t, t3]: Switch S is turned OFF at timg tausing diodes and ) to conduct while
diodes Dand Dy are reverse biased. Figure 3(c) depicts the cufiem path. The voltage
(Vin—Vc1) appears across the inductar As Vc1>Viy, this voltage is negative. As a result, the
inductor current y decreases linearly. Capacitoy I€ceives the energy from input sourcgg V
and inductor k. The series voltages of the input source, inductpprimary winding,

Rex Journal Volume 9 Isst®2021 Page 82



Rex Journal ISSN 232-1067 riReable Research Jour

Trems

o~

o

iz 1t

Fi>z

Feer 1 _
o~ 1
T e cam>a—

EU ]
TR
RN

capacitor G, and secondary winding charge the output capaCo and also provide th
energy to the output loadoRThis mode ends at tims, after whch the switching cycle |
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Il - Steady state analysis of the proposed convest

In the simplified steady state analysis of the pegul converter the leakage inductance of
coupled inductor is neglected.

Voltage gain
Following three equations can be obtained by apgl{VL to Fig. 3(a)

VLicon) = Vin 1)
Vimeoon) = Ve1 (2)
Voo = (1 +n)Vgy )3

Following two equations can be obtained by applWiMi to Fig. 3(c)

Viiorr) = Vin — Ve1

Vo = Vi1 + Vez — (1 + n)Vimorr

(4)
()

The voltage gain of the proposed converter candierchined by applying the volt-second
balance principle to the inductors &ndL,

_ Vo _ 24+n-D
M= Vin  (1-D)2 ©

Voltage stresses

The voltage stresses across the switch S, diogasdD can be obtained from Fig. 3(c).
1

Vsorp) = Ve1 = Vimeorp) = 5.5 Vo (7)
Vb2(oFF) = VLm(oFF) = ﬁvo (8)
Vbsorr) = Ve — Vo = 5=V, (9)
The voltage stresses across the diodeard Oy can be derived from Fig. 3(a).
Vbicorr) = V1 = % 0 (10)
Vboorr) = Ve1 — Vo = Z:I_lD Vo (11)

Performance comparison with other topologies

The performance characteristics of the proposederter and other recently published two

converters [12] and [13] are compared and presantd@ble I. The main parameters taken

into account are components count, voltage gainpaveer device voltage stress. From the
comparison it can be observed that the performpacameters of the proposed converter are
better than the others due to use of effectiveagaitboost cell.

Table 1 Performance comparison with other topologies

Components# . . Voltage stress on outpu

Reference S/L/CL/DIC Voltage gain Voltage stress on switch diode

1+nD A (2—-D +nD)V,
[12] 1/1/1/413 T-D2 T+ D) BTN

1+n-D —

[13] 1/1/1/5/3 ﬁ % %
Proposed 2+n—-D v, 1 +n)V,
converter |H/1/1/4/3 (1-D)? 2+n-D 2+n-D

#Note: S = Switch, L = Inductor, CL = Coupled Inthre D = Diode, C = Capacitor
The plot of voltage gain vs duty ratio of the prepd converter and the converters reported in
[12] and [13] working under the identical condittorfCCM and n = 2 is shown in Fig. 4(a). It
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is worth noting that the proposed converter produeelarger voltage gain than otl
converters with the same turns ratio and duty cydkea result, the proposed converter
achieve the desired voltage gain with a lower tuati® and/or duty ycle, decreasing pow:
losses and increasing conversion efficie

The voltage stresses on active switches of theseecters, normalized by the output volt
Vo, at duty cycle D = 0.5 are compared and exhihiteleig. 4(b). The proposed converte
switch is subjected to less voltage stress than theverters reported in [12] and [1.
allowing it to be built with low-voltage MOSFETs with low R on increasing efficienc
while decreasing volume and c

IV - Results and discussion

Simulation with P $ice software is carried out to validate the wogkjrinciple and th
performance of the proposed converter. Figure fctiethe simulation circuit diagra
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" L= TG =1 Table 2 Component value
Dok s used for Simulatic
E] ™ L2p =2 L2 o
mH o z Dok N Igput Voltaselw 20V
- - - utput oltage 380V
m_f__ L I Lo ém VOUt
- e Output Power F | 250W
- Switching 50 kHz
frequency fs
L Inductor L1 48 uH
. ) . : . o Magnetizing 300
Fig. 5: PSpice simulation circuit diagram of theprsec inductor Lm uH
converter .
Turns ratio n = )
Ns/Np
Duty ratio D 0.55
Capacitor (; 100 pfF
Capacitors 22 uF
Capacitors o 10 pF
Load resistor R | 5762
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The component values for the circuit are computedaf 380V output voltage, a 20V input
voltage, a 250W output power, and a 50kHz switchirejuency. Table 2 shows the
component values chosen for simulation, as wethasluty ratio and turns ratio.

A summary of the simulation results is presente@iahle 3.

Table 3 Summary of simulation result

Param eter \/in Vo VSW(OFF VDO(OFF VDl(OF VDZ(OF VDB(OF VCl VCZ

) ) F) F) F)
Simulation | 50\ | 350y | 112v | 335v | 41v | eev | 335v| *** | 130V
Result V

According to the simulation results, the voltagess on active switch S is 112V, which is
very modest and less than 30% of the output voltBgeause the voltage stress on the switch
in the proposed converter is so minimal, it is juesto use a low voltage rated MOSFET
with a low on-resistance as a switch, lowering emtin loss and cost. Because of the low
voltage stresses om@nd D, schottky diodes with a low forward voltage drgnde used
to decrease diode power losses while reducingdfierse recovery problem. Although the
voltage stresses on diodes &nd [ are high, they are always less than the outpuagel
The right arrangement of diodes and capacitorsrardbe coupled inductor to produce the
voltage boost cell results in a high voltage gdin® at low turns ratio n of 2 and low duty
ratio D of 0.55 with low voltage stress of 112V the switch. The proposed converter’s input
current is linear and has a minimal ripple. Becahselow ripple input current enhances FC
stack performance, this is a significant charastierifor converters used in FC-based
systems.

V — Conclusion

This paper presents a high voltage gain dc-dc atewédased on coupled inductor and
cascade techniques. This converter incorporatesltage boost cell to provide significant
voltage gain while maintaining a low duty ratio amains ratio. The proper arrangement of
diodes and capacitors around the coupled inductbuild the voltage boosts cell results in a
high voltage gain of 19 at a turns ratio of 2 ardlgy ratio of 0.55. As a result, the suggested
converter achieves a very high step-up voltage gahite maintaining a low duty ratio and a
low turns ratio. The voltage stress on the switchignificantly decreased and is around 30%
of the output voltage. As a result, to enhanceiefficy and lower the cost of the converter, a
low power rated and low on-resistance MOSFET candesl as an active switch. Because an
inductor is directly connected to the input voltageirce in the proposed topology, the input
current has a small ripple. These desired charatitsr make the proposed converter an
appealing alternative as front-end converter inap@lications.
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