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Abstract: Solar energy is derived from solar radiations The conventional boost converter can be
that are r.eplaced constantly. A Conyentional dc-dadvantageous for Step-up applications that do not
Converter is suggested for very gffectlye solarrgyle demand very high voltage gain, mainly due to the
systems. It is not capable for obtain a high velt@gin resyiting low conduction loss and design simplicity
even extreme duty cycle maintain the triggerin@uilr 0 retically, the boost converter static gain tetud
diagram. In order to increase the voltage gairthernew be infinite V\}hen duty cycle also tends to unity

Boost converter from the solar power applicatiohisT H . tical t h aain is limited b
paper presents a novel High Step-up Ratio Integléav owever, in practical terms, such gain is limited

DC-DC Converter for Solar Photovoltaic Module. Théhe PR loss in the boost inductor due to its intrinsic
advantages of interleaved boost converter relatethe resistance, leading to the necessity of accurate an
conventional boost converter are low input curmipple, high-cost drive circuitry for the active switch,
high efficiency, faster transient response, reducesainly because great variations in the duty cycle
electromagnetic emission and improved reliabilithe will affect the output voltage directly [2].
output voltage is high and voltage stress acrossthive To achieve a high step-up voltage ratio,
switch is minimized and output ripples also miniedz ransformer- and coupled-inductor-based converters
The ‘waveforms of input, inductor current ripple andy.o gally the right choices. Compared with an
‘,\)Ali%‘_tAB/SVp'tage fpple  are  achieved  usinggoaiion transformer, a coupled inductor has a
imulink . . .
simpler winding structure, lower conduction loss,

Key words— DC-DC Converter, Coupled Inductor, Solar and continuous conduction current at the primary

photovoltaic system winding, resulting in a smaller primary winding
_ current ripple and lower input filtering capacitenc
1. Introduction Thus, a coupled-inductor based converter is

) ) ) relatively attractive because the converter present
energy_and this development is constantly growingigh output voltage, it needs a high turn’s ratial a
Accordingly, ~ researchers —and  governmenigs |eakage inductor still traps significant energy
worldwide have prepared on renewable energyhich will not only increase the voltage stresshaf
applications  for  explanatory natural —energ¥witch but also induce significant loss. Several
consumption and environmental location. Amongyethods have been proposed to solve these
different renewable energy sources, the photowltgyoplems. A resistor—capacitor diode snubber can
cell and fuel cell have been considering attractiVvg|eviate the voltage stress of the switch, but the

choice. However, without additional arrangement@nergy that is trapped in the leakage inductor is
the output voltages generated from both sourcgf§ssipated.

Thus, a high step-up dc-dc converter is desirgden In the converters that are operated in

power conversion systems corresponding to thegfcontinuous-conduction mode boundary can
two energy sources. In addition to the mentiong@duce voltage stress. However, they will result in
applications, a high step-up dc-dc converter i8 aligh input current ripple and require relativelyge
required by many industrial applications, such agpyt and output filters. A passive lossless clatnpe
high-intensity  discharge lamp  ballasts  fogjrcyit can recover the energy that is trappechin t

automobile headlamps and battery backup systefggkage inductor and reduce voltage spike, but the
for uninterruptible power supplies [1].
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active switch is still in hard switching [3], [4]. Literature review that has been done author
The additional snubbers are required tased in the chapter "Introduction” to explain the
reduce the voltage stresses of switches. In odlerdifference of the manuscript with other paperst tha
raise the efficiency and increase power conversidis innovative, it are used in the chapter "Reclea
density, the soft-switching technique is requirad iMethod" to describe the step of research and used i
dc/dc converters [5]. The high switching frequencthe chapter "Results and Discussion” to support the
used in static power converters can reduce tlamalysis of the results [2]. If the manuscript was
weight and size of the passive componentsritten really have high originality, which propake
However, the switching losses on powea new method or algorithm, the additional chapter
semiconductors are also increased. The sofifter the "Introduction” chapter and before the
switching techniques with variable switching’Research Method" chapter can be added to explain
frequency have been proposed to increase theefly the theory and/or the proposed
switching frequency, reduce the size of powenethod/algorithm [4].
converters, and reduce the switching losses of the
switching devices. The asymmetrical pulse widtR. Interleaved Boost Converters
modulation (PWM) techniques were proposed in to Interleaved buck and boost converters have
achieve the zero-voltage switching (ZVS) feature &een studied in recent years with the goal of
the power switch turn on instant. The active claminproving power-converter performance in terms of
techniques were presented in to achieve ZVS tursize, efficiency, conducted electromagnetic emissio
on. Switching mode power supplies based on the ffnd also transient response. The gains of
back converter were widely used in industriainterleaving consist of high power potential,
products for low-power applications. [6]. In thg fl modularity and better reliability. Since the indurct
back converter, the transformer is adopted to aehieis frequently the largest and heaviest componeat in
circuit isolation and energy storage. The zetaigh-boost converter, the use of a coupled inductor
converters have been studied in to provide thes a substitute of multiple discrete inductors is
isolated output voltage or achieve power factgyotentially beneficial. The coupled inductors also
correction. However, the power switch is operated bffer additional benefits such as reduced core and
hard-switching PWM so that the circuit efficiensy i winding losses as well as better input and inductor
low. The zeta converters with zero-current switghincurrent ripple. Generalized steady-state analybis o
or ZVS technique have been proposed to reduomultiphase IBCs has been previously reported.
converter volume, voltage stresses of switchingseful design equations for continuous inductor
devices, and switching losses. current mode (CICM) operation of an IBC,
An asymmetrical interleaved high step-upncluding the effects of inductor coupling on theyk
converter that combines the advantages of tlwenverter performance parameters (inductor ripple
aforementioned converters is proposed, whicturrent, input ripple current, and minimum load
combined the advantages of both. In the voltagmirrent requirement for achieving CICM operation),
multiplier module of the proposed converter, thare detailed in Reports studying specific apploarai
turn’s ratio of coupled inductors can be desigred for coupled inductor topologies including soft
extend voltage gain, and a voltage-lift capacit@®witching, active clamping, and high power
offers an extra voltage conversion ratio. utilization are becoming more prevalent in the
Multi cascaded sources arrangement and tHigerature as understanding of their benefits iasee
topology the source series from another souré&oupled Inductor
attached to a basic dc/dc converter is used tolgupp Intentional core gaps are the main source of
load power. Moreover a fraction of power from thdeakage flux in the energy storing inductor. Owgsid
source is passed through the converter sufferitige windings, flux associated with leakage takes a
from conversion losses, and they remain power $horter path (i.e., through the air) and is, thenesf
supplied directly to the output load that does natncoupled. Flux associated with mutual inductance
have any power loss. Therefore, the source cascadeels through all the windings and large portidn
topology can achieve high-efficiency and highwhich remains in the core. In the dc environment,
voltage gains. In addition, due to this cascadeshere two windings share the dc current equally, a
characteristics, the volume of transformer based dlox-canceling inverse coupled configuration is
the voltage and current stress on some componeutdized by implementing windings having opposing
of the basic converter, can likewise be reduced. polarity. At the core directly under the windings o
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N turns each,
The Resultant flux is (1- k) LION.
Where, § is dc current through the winding.

Mode-1(TO1 = t1-t0)

3. Performance Analysis of the Proposed
Converter

The proposed interleaved high step up ratio
Interleaved DC-DC boost converter as shown in Fig.
The operation of the high step-up ratio interleav ) 1o

DC-DC boost converter is explained as foIIowinelgE}IOde 2(T12 =12-)

four modes and the proposed converter has given on im cmu,
Fig 1. m L.@—'Lyd [
A el ‘ o C:Tu: ,
L I.-PHTL
1«%-4—&—1—-1--|- t— L"_"-ER
b L 5. 5': oy,
+ .
Mode-3(T23 = t3-t2)
%I’J, cmml
T PRSI
Fig 1. Proposed interleaved High Step-up Ratio - D, GO,
Interleaved DC-DC boost converter b L&J Uz R
Mode 1 [tO, t1]: At t = t0, the power switcl&2 e D,
remains in ON state, and the other power swith 1 5 T
begins to turn on. The diod@&t1, Dc2, Dbl, Db2, %D - ut“ﬁ ! o -s5—|% D <oy
and Df1 are reversed biased, as shown in Fig. 5(a). i =
The series leakage inductdrs quickly release the Mode-4(T34 = t4-t3)
stored energy to the output terminal via fly back— T
forward diodeDf2, and the current through series D, U,
leakage inductord.s decreases to zero. Thus, the Ny [l
magnetizing inductot.ml still transfers energy to : o cmy
the secondary side of coupled inductors. The ctirren il j'::Fn—l : U'% &
through leakage inductdikl increases linearly and : Jor—— 0
the other current through leakage inducldk2 i fy Ham ’
decreases linearly. T, W '*"‘[:n,j—ﬁ o
Mode 2 [t1, t2]: At t = t1, both of the power #) ta T,lﬁ °§|j ‘cu

switchesS1l and &2 remain in ON state, and all
diodes are reversed biased, as shown in Fig. 5( B — tE.
Both currents through leakage inductbkd andLk2 RAOde 5(T45 =15-t4)
are increased linearly due to charging by input
voltage sourc#/in.

Mode 3 [t2, t3]: At t = t2, the power switclsl

remains in ON state, and the other power sw&zh

begins to turn off. The diodé3cl, Dbl, andDf2 are

reversed biased, as shown in Fig. 5(c). The energy i
stored in magnetizing inductdum?2 transfers to the u,
secondary side of coupled inductors, and the ctrren
through series leakage inductdrs flows to output
capacitorC3 via fly back—forward diodefl.
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leakage inductors decreases to zero. Thus, the
magnetizing inductot.m2 still transfers energy to
the secondary side of coupled inductors. The ctirren
through leakage inductdrk? increases linearly and
the other current through leakage inductdl
decreases linearly.

Mode 6 [t5, t6]: At t = t5, both of the power
switchesS1L and &2 remain in ON state, and all
diodes are reversed biased, as shown in Fig. 5(f).
Both currents through leakage inductbkd andLk?2
are increased linearly due to charging by input
voltage sourc&/in.

Mode-6(T56 = t6-t5)

b L,

Mode-7(T67 = t7-t6)

Mode-8(T78 = t8-17)
D, cm, I L] -
= i, I ocr 4
Pmats ’ L :
+ Figs i--"--..__ .-
%D‘ﬂ CcsU, | it e ) | i
" UZR L.
D, & { el - = H =
4
D, iy LR TR
7 o {10 | TR I
i -)—(r— iUﬂ
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s [ Y Fe iy P Ty P Is

Fig 2.0perating modes of the proposed converter
Fig 3.Firing Pulses for Switch1 and Switch2

The voltage source, magnetizing inductom2,
leakage inductorLk2, and clamp capacito€c2 Mode 7 [t6, t7]: At t = t6, the power switch
release energy to the output terminal; thv§l S2 remains in ON state, and the other power switch
obtains a double output voltage of the boosil begins to turn off. The diod&x2, Db2, andDfl
converter. are reversed biased, as shown in Fig. 5(g). The

Mode 4 [t3, t4]: At t = t3, the currentDc2 energy stored in magnetizing inductanl transfers
has naturally decreased to zero due to tlie the secondary side of coupled inductors, and the
magnetizing current distribution, and hence, diodeurrent through series leakage inductors flows to
reverse recovery losses are alleviated armltput capacito€2 via fly back—forward diod®f2.
conduction losses are decreased. Both powEhe voltage stress on power swithis clamped by
switches and all diodes remain in previous stateg&mp capacito€c2 which equals the output voltage
except the clamp diodac2, as shown in Fig. 5(d). of the boost converter.

Mode 5 [t4, t5]: At t = t4, the power switch The input voltage source, magnetizing
S1 remains in ON state, and the other power swit¢hductor Lml, leakage inductoikl, and clamp
S begins to Turn on. The diod&l, Dc2, Dbl, capacitorCcl release energy to the output terminal;
Db2, andDf2 are reversed biased, as shown in Fighus,VC1 obtains double output voltage of the boost
5(e). The series leakage inductbssquickly release converter.
the stored energy to the output terminal via flgksa Mode 8 [t7, t8]: At t = t7, the currentDcl
forward diodeDfl, and the current through seriedias naturally decreased to zero due to the
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magnetizing current distribution, and hence, diode
reverse recovery losses are alleviated and
conduction losses are decreased. Both power
switches and all diodes remain in previous states
except the clamp diodacl, as shown in Fig. 5(h).

4. Simulation Results

Based on the above analysis the step up DC
— DC converter is have to obtain the more voltage
gain for the required voltage rating for the solar
power application with proper design of all the
parameter of the circuit diagram. With a help of
modified capacitor in order to increase the voltage
rating and reduce the ripple content in the outpu
side of the converter, the proposed converter is
shown in Fig 1. In this circuit have modified
Coupled Inductor and Capacitor for getting high
voltage gain from the simulation circuit of Fig4,
shows that the overall circuit diagram of the
simulated proposed converter Circuit diagram using
the MATLAB SIMULINK software tool. In this
result of input and output waveforms are obtain
separately as shown in Fig 5 to Fig 10.
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Fig 4. MATLAB/SIMULINK circuit diagram of the
proposed DC-DC converter Simulation.
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Fig 7. Input Current of proposed converter
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BUPT



2.155}

22,1545 - - - -
H | | | | |
3 [ I [H- (. | |
2154 ‘ ! ! I ‘ it
I I I I I I
I I I I I I I
T e e e e e
I I I I I I I I I
I I I I I I I I I
215 | | | | | | | | |
501 0005 00l 0015 0012 00135 0014 00145 0015
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o W%
6 . Rl
£ 7,
o | »
PEIA
[ .
S —]
J '
; L=el 7l
+ 5| Lw il
i aglen iai GATESIGNALS
L
s

Fig -12: Simulink model of converter in step-up raod
The voltage and current waveforms of electrical
components of the converter in step down operation
mode is shown below. Here the output voltage is
fixed at 2.5V that is even if we vary the input
voltage the output voltage does not change.

Switching pulse for 31 and 32

0] 100 150 200

. Time(s)
Switching pulse for 53 and 54
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Fig.13. Switching pulse

Fig-13 shows the switching pulses for the four
switches. Fig-14 shows the input voltage in step-
down mode and it is 25V. Output voltage is shown
in Fg-15. For an input voltage of 25V, output
voltage is obtained as 2.5V. Fig-16shows the ctirren
through the inductord,and L, in step-down mode.
The voltage waveforms of switches in step-down
mode are shown in Fg-17.

Input voltage
30 T T
el L e
=
=" 10¢f------ [ e Femennad
0 s i s s
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Time(s)
Fig .14. Input voltage
QOutput voltage
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Time(s) 5

Fig.15.0utput voltage
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Fig.16 Inductor current

As shown in the fig-17, the current of inductors
L,andl; are about 0.2A and 0.45A, respectively,
in step-dwn mode. From the waveform of voltage
stressiz; =Vy= 25V, ¥;= ¥z, equal to square root
of ¥ and ¥, which is equal to 7.9V and
Vs is sum of%, andVy is equal to 32.9V are
obtained.

G i Fig.21. Voltage stress
30 30
s 52 5. Experiment Setup and Results
o 0 1 The experiment setup is shown in Fig-22, IRFP260
S and IRFP460 are used as switches. The controller
Voltage across S, Vojageatioss 5, used in the prototype is dsPIC30F2010. The
. - zg‘\ R hardware results are shown below; Output pulse
F s F ol LT from driver IC which is of 12V is shown in Fig-23.
%\_{HHHHO o UWOUZOUBDUADUEO In the Fig-24 shows the input and output voltage in
Timets) Timels) the step-down mode. In the step-down mode a gain
of 0.1 is obtained and the Fig-25 shows the inpdt a
Fig.17. Voltage stress output voltage in the step-up mode and in this mode

Fig-18 shows the input voltage in step-up mode aragain of 5 is obtained.

it is 2.5V. Output voltage is shown in Fg-19. Far a
input voltage of 2.5V, output voltage is obtained a
25V. Fig-20 shows the current through the inductors
Land L; in step-down mode. The voltage
waveforms of switches in step-down mode are
shown in Fg-21.
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Fig.19 .Output voltage
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Fig.20. Inductor current
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Fig.22. Experiment setup
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Fig.24. Input and output voltage of step-down mode
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Fig.25. Input and output voltage of step-up mode

control parameters using the conventional OPF
method. It also shows that the OGA was suitable to
with  non-smooth,
differentiable and non-convex problem, such as the

deal

non-continuous, non-

optimal power flow problem with FACTS devices.
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