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High Voltage Gain Boost Converter
Using Three Winding Coupled Inductor
With three Stages of Switching Frequencies

P. Muthukrishnan* R. Dhanasekaran** G. Sivasundaralingam***

Abstract: InthisModern Eralot of DC-DC boost convertersare designed to increase the efficiency and performance
of the output power. Whiletrying to increasethe output power the generation of ripple current and voltageincrease
simultaneoudy. So theincreasesin rippleswhich will affect the output performanceas well astheload connected to
the output of the boost converter. Especially in PV system the output generated by the Distributed generator is not
aconstant onewhy because of the natural parameters such astemperature and irradiation. The main focus of this
project isto achieve the output power requirement from the PV boost converter systems here the output voltageis
8timesachieved greater than that of theinput voltagewith lower amount of ripplesin current aswell asvoltage due
to the usage of Coupled Inductor instead of Isolation transformer. In this proposed project the two stages of
Coupled inductor has been replaced in to the three stages of coupled inductor. Through these systemsthe voltage
stress on the switches is lesser than that of two stages of coupled inductor based boost converters.

The Output voltage obtained is 450v from the input of 60v and the Output power is 2000 watts. Compare to the
existing system the output power ratings of proposed system is two times increases.

Keywords: Boost Converter, High Voltage Gain, Load Capacitor, Soft Switching with different frequencies, stagesof
coupled inductor, Three winding Coupled Inductor.

1. INTRODUCTION

The conventiona boost converter isnorma applicationsof Step-up boost converter in solar power application but
not applicablein the high maximum demand on power sector for high voltage gain, mainly dueto thehigh switching
losses. Whentheduty cycleisunity getting high voltage gainintheboost converter circuit, in practicd way, thishigh
gainislimitedinorder to limit the 1°R lossin the boost inductor because of itsintrinsic resistance [4].

Theduty cydeof anisolationtransformer, whichisconnected in open-loop condition of the controlled isolated
dc—dc converter, isfixed at 50%. Intheresultant of soft switching of al the power semiconductor switchescanbe
awaysachieved by utilizing theleakageinductance [1]. Thelargeduty ratios, high switch voltage stresses, output
diodereverserecovery problem are still major main challengesin the step up and high power conversion with
regulated efficiency [2]-[6].

The comparison isdone based on how fast responseit attained by using PI controller for high stable operation.
For openloopit took 0.28sto achieve steady state the waveformsfor output voltage, Output current, rotor speed,
armature current, back emf, electromagnetic torque But for closed loop it took 0.03sto achieve steady state the
waveformfor output voltage and output current [2].

The techniques of soft switching and voltage clamping are responsibilitiesto cut the switching losses and
conduction losses. The utilization of alow-voltage-rated power switchwith avery small R (on). So that the
current changeinthe dew rate, the coupled inductor can be restricted by the outflow inductor, the current change
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time enablesthe power switch to turn ON with the ZCS properties easy, and the leakage inductor effects can
dleviate thelosses caused by thereverse-recovery of currents. Additiona problemsof the stray inductance energy
and reverse-recovery currentswithin diodesin the conventiona boost converter dso solved, so hereachieved in
high-efficiency power converson|[3].

Inthe MPPT stage the mismatching of power can be occurs dueto the changeinirradiation under partial
shading conditions. Power loss occursinthe Diode through reverserecovery voltage which reducesthe efficiency
of PV sysem[12].

Thelossesoccursinthe switches can be reduced by meansof using thelow on-drop power semiconductor
switches. Inthiscircuit IGBT isused to turn ON and turn OFF easily through the gate pulse control. SincetheHigh
step up Buck or boost DC-DC converter operating in very high frequency at al occasions of proposed systemto
improveefficiency [5]-[8].

Inthispaper thetwo dc-dc convertersare compared for to attainthefast charging in EV/HEV to extend the
range of theelectric drives. Some of the dc power distribution unit which deploy the bidirectiona dc-dc charging
operation and pass vehicleto connect with grid. Inthegrid connected applicationsof DG ishelpful toinject thered
and reactive component into the grid to ensure harmonic filtering and load balancing [9]-[13].

2. STRUCTURE OFCIRCUIT DIAGRAM

In this generalized circuit diagram of 3 stages of coupled inductor based DC-DC boost converter with three
switchesfor each stage by three different switching frequencies. The switching frequencies applied to the switches
with switching pointsfrom (0-120), (120-240), (240-360) and three diodes connected in each stage coupled
inductor. The coupled inductor output isconnected to the output capacitor C whichisto bepardlel tothe Load
resstance R which aredenoted inthe above Fig 1.
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Figure 1: High gain DC-DC proposed boost converter

3. MODE OF OPERATION

Here have afour mode of operation inthis circuit with equvalent circuit and mode of equations are properly
discussed below and the dl modes Operationin the circuit waveforms are mentioned in Fig 2.

MODE: 1(t =t—t for St=t -t for St=t-t,forS)

Inthismode N, isthefirst inductor which get charging from 0-50% throughthe switch S isat ON statuswith
the switching frequency of 20KHZ switching pointsfrom 0-120 and other two switchesisat OFF status. During
thismode N, having 50% of charge and sartsdischargetotheload R through thediode D,,and load capacitor ¢
.N, already get charged fully through previous conduction duration (mode 4) so the energy storedisgoing to
dischargetotheload R and C_startschargesagain.
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Figure 2: all modes of Operation in the circuit
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Figure 3: Equivalent circuit of mode 1 for proposed converter

Herethefollowing voltageequationsare mentioned fromthe Equivaent circuit of mode 1 for proposed converter,

d, d, d, d
Vi + =24 84| | 224 31—
R R m[dt dt} ot (1)
WhereL_=L_ =L, 2)
d, d,
Vin"'l-lclj_il"'l—md_lt1 (3)

WhereL_=L,, (4)



1458 P. Muthukrishnan, R. Dhanasekaran & G. Sivasundaralingam

MODE: 2 (t=t—t for S t=t—t,for St=t—t forS)
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Figure 4: Equivalent circuit of mode 2 for proposed converter

Inthismode 2 N, starts charging from 50% to 100% dueto switch S isat conduction for few secondsand got
to saturation condition with frequency of 20KHZ switching pointsfrom0-120.N, starts charging from 0-50%
throughtheswitch S isatON status and starts conducting with the switching frequency of 30KHZ switching points
from120-240 and other two at OFF status. N3 already have 50% of stored energy and startsdischarge to the load

R throughtheload capacitor C_and diode D2.

Here thefollowing voltage equations are mentioned from the Equivalent circuit of mode 2 for proposed

converter,

d d. d
Vi, + L3f+ Lm[d—'tud;tz}voc =1oR,.

=3

WherelL =L =L,
d, d; d, d
Vi, =L sty , 82 1, 12
. m[dt dt}

WherelL =L, =L,
MODE: 3(t =t ~t,for S t=t—tfor S t=t-tforS)
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Figure 5: Equivalent circuit of mode 3 for proposed converter
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Inthismode 3 N, starts charging from 50%-100% due to the saturation of previous mode switch S, from
conduction modewith frequency of 20K HZswitching pointsfrom0-120and N_starts charging from 0-50%through
switch S with frequency of 30KHZ switching pointsfrom 120-240 other switchesare at OFF status. During this
mode N, isfully charged throughthe previous conduction duration (mode 2) so full energy of N1 isdischarged to
theload R through Diode D1 and chargesfromload capacitor C_also get discharged.

Herethefollowing voltageequationsare mentioned fromthe Equivalent circuit of mode 3 for proposed converter,
d

d
+ le—'t1+ Lmd—'t1+vOC =IoR. )
WherelL =L, (20)
d d dls2 dis 5
Vip =L, =224 L3 =84 |
T a7t [ dt ot } (1)
WhereL_=L =L, (12)
MODE: 4(t =t~t,for S t=t—t,for S t=t-t,forS)
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Figure 6: Equivalent circuit of mode 4 for proposed converter

Inthismode 4 N, starts charging from 50%-100% through the previous mode switch Ssaturation with the
frequency of 40KHZ switching pointsfrom 240-360 and stored energy of N, isfully discharged to load R through
Diode D,and N, isready to charge again from 0%.The stored energy of N, isa 50% initially through switch &2
with frequency of 30KHZswitching pointsfrom 120-240 and sartsdischarge to theload RL throughthe Diode D2
and N, ready to startsfrom 50% onwards dueto previous mode switch S saturated from conduction mode with
frequency of 20KHZ.

Herethefollowing voltageequationsare mentioned fromthe Equivaent circuit of mode 4 for proposed converter,

di, d di, di
V, + L L +L 1,222
" 1dtJr 2 dt [dt dt} oRL (13)
WhereL_=L, =L, (14)
d dis
V=L =24
Sat M (15)

WhereL =L, (26)



1460 P. Muthukrishnan, R. Dhanasekaran & G. Sivasundaralingam
Tablel
Design Condder ation of Proposed Converter System
Sno Parameter Existing [4] System Values Proposed System Values
1 Input voltage 60v 60v
2 Capacitor C, = 30uf/300v,C,, = 30uf/600v C,=30uf/600v
3 Diodes 0.7v 0.7v
4. Switching Frequency of Switch 1 45KHZ 20KHZ
5 Switching Frequency of Switch 2 45KHZ 30KHZz
6. SwitchingFrequency of Switch 3 - 40KHZz
7. Load resistance 40002 100Q
8 Sdf-inductance 10pH 10uH
9 Mutuallnductance 5uH 9uH
10. Turn’sratio(n2: nl) (n3: n2: nl) 11 11
11 Output voltage 600V 450v
12, Output power 900W 2000W
13 Output current 1.5amps 4.5amps

The abovetablel which hasexplainsthedetalled anaysis of theexisting system and improved power rating of
proposed systemthrough three stages of coupled inductor with different operating switching frequencies.

4. SIMULATIONS& RESULTS

Theanalyssof DC-DC high step up coupled inductor based boost converter to obtainthehigh voltage gainfor the
required output voltageratingsof PV power applications. With the help of modified 3 stages of coupled inductor
for to increase the voltage gain and reducesthe voltage stressacrossthe switchesto avoid theripple current and
voltages Thesmulated output voltage and output current waveformsfromthiscircuit arementioned inbelow fig 7,
input voltage and FFT response of switches S, S,, S, with thefrequencies of 20khz, 30khz, 40khz are mentioned
infig8& fig 9.

@)

(b)
Fig 7: (a) Output Voltage Waveform (b) Output Current Waveform

@)

(b)
Fig 8: (a) Input Voltage Waveform (b) FFT Response of Switch S, at 20 kHz
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@) (b)
Fig 9: (a) FFT Response of Switch S, at 30kHz (b) FFT Response of Switch S, at 40kHz

5. CONCLUSION

Inthispaper the DC-DC high step up coupled inductor based boost converter for to increasethe voltagegain and
attain the steady state within 3ms by modifying the three stages of coupled inductor instead of two stages and
adjugting theturn’'sratio from 1:2to 1:1:1.Usage of different switching frequenciesto thethree different saged
switching activities of coupled inductor. Thusthehigh efficiency converter topology providesrequired output for
the PV system. Infuturework of this paper isto add thisboost converter output to inverter circuit for the purpose
of Acloadsin standalone PV based Domestic applications.

TheOutput voltage obtained is450v from the input of 60v and the Output power is 2000 watts. Compareto
theexigting systemthe output power ratingsof proposed systemistwo timesincreases, these analysscan bedone
through graphical responsein PSIM Software.
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