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ABSTRACT

Plug-in Hybrid Electric Vehicles(PHEV)iand Electric Vehicles are rollediout for the con-

sumer,and become popular in a short period of time.With the advent of Batteryichargers

for PHEVs there is a big opportunity for the powerisupply Industries to deployilarge num-

ber of charging stations ,affordable and easy to use,home charging station . Overall charg-

ing efficiency advancement is a important factor for the approval of these itechnologies,when

the performance increase the charging hour and service charge decrease. Power factor

correction is important to achieve regulatory standards for the AC supply mains.

Chargers with smaller size which could render more power are needed as minimal

space is available in vehicle and power consumption is increasing with time,Important

part of a charging system is the AC-DC converter connected in front end, which should

attain high power density and high efficiency . Different front end AC-DC conventional

plug in hybrid electric vehicle charger converter topologies are examined and to enhance

the efficiency and performance a new bridgelessiinterleavediandia phaseishiftedisemi-

bridgelessipowerifactoricorrected converter are proposed , which is remarkable to op-

timize theichargerisize, chargingitime,iandithe amountiandicostiof electricityidrawnifrom

the utility. A comprehensive analyticalimodeliforithese topologies is developed,with the

help of which powerilossesiandiefficiency are calculated . Experimentaliand simulation

results ofiprototype Bridgeless interleavediboost converter which convertithe universal

AC input voltage toi400 V DC at 3.4 kW areiprovided to authenticate theiproof of con-

cept, and analyticaliwork discribed in this thesis.iThe results show a powerifactor greater

than 0.99 from 750 Wito 3.6 kW, THD less than 5% from half load to fulliload and a

peak efficiencyiof 98 % ati264 V input andi1000 W load.i
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Chapter 1

Introduction

In the present era the energy demand increase abruptly and for the main source of en-

ergy we depend on fossil fuels as it easy to extract and cost effective. although,there

is disadvantage cause by them for example air pollution which as a result effect our

atmosphere,other with the price of the fossil fuel which increasing day by day.which

pressurizing the Industries and Government to replacement of the fossil fuels. As a re-

sult our interest is increasing in the mean of transportation for example Plug in Hybrid

Electric Vehicles (PHEV) and Electric Vehicles (EV).

In the early 19th century we were aware of the EV and PHEV technology.however,In

comparison with oil the EV have high price and less energy output and the cost of storing

battery was high.Now the scenario is different ,with the advent of Lithium-ion batteries

and there is a hike in the price of fossil fuels and the pollution arise by them ,convince

the organisation to concentrate on EV and PHEV.

when more number of EV and PHEV comes in the market and on the road ,this will

impact the utility grid when the demand of charging it is at the peak level [1].As a result

in order to reduce the load on grid and decrease the charging hour there is a requirement

of efficient and high power factor chargers.To keep the input current harmonics in limit

drawn by these charger power factor of the charger must comply with the standards as

IEC 61000-3-2 [2]
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Chapter 2

Background

2.1 Background

A hybrid ivehicle iwith a capacity battery that could be energized by connecting a plug

to an outside electricity supply coming from power source. Outlet for charging with

the AC supply certainly require an ion-board iAC/DC charger having a power factor

adjustment. An on-board i3.5 kW icharger can charge an fully empty battery package in

PHEVs to 95% charge within four hours by the 240 iV isupply [3].

efficient Chargers are additionally characterized with the dimension of power they can

Make accessible to the battery package [4]:

• Level 1:typical family unit circuit, evaluated to 15 amperes and 120 volts AC .

These chargers utilize the standard ithree-prong ifamily unit association, and they

are, for the most part thought to be convenient hardware.

• Level 2: For all time wired connected electric ivehicle isupply iequipment utilized

particularly for ielectric ivehicle icharging; evaluated up to limit of voltage i240

volts AC and current up to 60 amps, and power up ito i14.4 ikilowatts.

• Level 3:For all time wired ielectric ivehicle isupply gear utilized primarily for elec-

tric vehicle charging; evaluated for rating more than 14.4 kW. Quick chargers are

appraised as Level 3, however not all iLevel i3 ichargers are iquick ichargers. This

2



assignment relies upon the span of the ibattery package to ibe charged iand how

imuch itime is irequired to icharge the ibattery ipack. A icharger ican ibe viewed

as a quick charger on the off chance that it can charge a normal ielectric ivehicle

ibattery ipack iin 30 iminutes ior iless.

The ifront-end iAC/DC iconverter is a significant part of the charging system. The rea-

son of this record is to examine how this examination will be led on the elite single-stage

answers for iAC/DC ipower ifactor remedied converters for iPHEV ibattery ichargers. An

alternate circuit itopologies iand icontrol itechniques ihave been produced for the PFC ap-

plication [5–7]. The single-stage iactive iPFC methods can be separated into two classes:

the isingle-stage approach and the two-stage approach. The single-stage approach is

appropriate for low power applications. What’s more, because of vast low frequency

ripple in the output current, just lead-corrosive batteries are chargeable. Accordingly,

the two-stage approach is the best possible contender for iPHEV battery ichargers [8],

iwhere the power irating is relatively ihigh, and ilithium-particle ibatteries iare iutilized

as ithe ifundamental ienergy istorage isystem. The front iend PFC iarea is then trailed

by a DC/DC isection ito complete the icharging isystem.

Figure 2.1: block diagram of a universa itwo-stage ibattery icharger

The PFC level rectify the enter AC voltage and switch it right into a regulated

intermediate DC hyperlink bus. At the equal time, power factor component correction

characteristic is executed. The following iDC/DC istage ithen iconverts ithe DC ibus

ivoltage iinto a iregulated ioutput iDC ivoltage for icharging ibatteries, iwhich is irequired

to ifulfill the law and brief irequirements.

3



2.1.1 Power Factor general background

As per the requirements ofiinputicurrentiharmonics [9] and outputivoltageiregulation,

aifront-endiconverter is regularly actualized by aipowerifactoricorrectioni(PFC)istage.

Conventionally, a large portion of the power transformation hardware utilizes either a

diodeirectifierior aithyristorirectifieriwith a massicapacitor to converteriACivoltageitoiDCi

voltage before preparing it [10]. Suchirectifiersigenerate harmonic in the input current ,

which contaminates the powerisystemianditheiutilityilines. Power iquality is turning into

a noteworthy worry for some electrical iusers.The most straightforward type of PFC is

iPassive i(Passive PFC).A passive iPFC iutilize a ifilter at the AC input to rectify ipoor

ipower ifactor. The passive PFC circuitry utilize just passive icomponents - an iinductor

and isome icapacitors. despite the fact that it is simple iand irobust, a passive iPFC

irarely achieves ilow iTotal iHarmonic iDistortion i(THD). Also, since the circuit works

at the low iline ipower ifrequency iof 50Hz or 60Hz, the passive ielements iare igenerally

large and heavy. Figure 1-2 shows input voltage iand icurrent ifor a ipassive iPFC, and

the iharmonic spectrum of input current.The input ipower ifactor i(PF) is idefined as

ithe ratio iof the real ipower idivided by iapparent power as:

Power Factor(PF ) =
Real Power (W )

Apparent Power (V A)
(2.1)

Assuming ian iideal isinusoidal iinput ivoltage isource, the ipower ifactor ican be ex-

pressed as the multiplication of two factors, ithe idistortion ifactor iand ithe idisplacement

ifactor, as given:

PF = KdKθ (2.2)

The idistortion ifactor iKd is ithe iratio of ithe ifundamental RMS icurrent ito ithe itotal

RMS icurrent.

4



(a) Input voltage and current waveform

(b) Input Current Harmonic Spectrum

Figure 2.2: Passive ipower ifactor icorrection iAC main ivoltage iand current iwaveforms

The idisplacement ifactor,Kθ, isitheicosineiofitheidisplacementiangle between the

fundamental iinput icurrent and ithe input ivoltage ifundamental iRMS icurrent.

Kd =
I1rms

Irms
(2.3)
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Kθ = cos θ1 (2.4)

where, line current have IIrms as the fundamental icomponent, Irms as the itotal iline

icurrent, and θ1 is the phase shift of the icurrent ifundamental irelative to the isinusoidal

iline ivoltage. waveform in which distortion can be notice those also have the distortion

factor nearly equal to one.so it is not very useful for measuring the distortion practically.

but Total harmonic distortion is directly related to distortion factor.

THD =

√
I2rms − I21rms
I1rms2

(2.5)

Kd =

√
1

1 + THD2
(2.6)

Kd is regulated IEC 1000-3-2 [2] for lower power levels and by IEEE Std 519-

1992 [11] for higher power levels, where Ktheta is regulated by utility companies [12]

By using only the pulse width modulated (PWM) switching technique in the

rectification of single phase AC supply we can diminish the current harmonics in the

circuits.These converter can resemble like a resistive iload and allow very little distortion

in the current. these converter by using these modulation itechnique draw current close to

sinusoidal shape with little idistortion and higher PF ,this method calledas power factor

correction(PFC) .By this research, the already exist based iboost iconverter itopology

iPFC itechnology with average icurrent-mode icontrol was noticeably improved,which

increase the operating range of converter .
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Chapter 3

LITERATURE REVIEW

3.1 CLASSIFICATION

B. Singh et al. [5] Discuss a whole analysis of improved power iquality iconverters

i(IPQCs) configurations, icontrol of applications,components selection,design attributes,

other irelated iconsiderations, iand itheir isuitability iand iselection for precise applica-

tions. It is examined to provide a broader overview on the repute of IPQC itechnology .

A categorized listing of more than 450 research guides on the kingdom of art iof iIPQC

is also given for a fast reference. And also includes the sequential development and

the reputation of the IPQC iera, explained four essential classes namely boost, ibuck,

ibuck–boost, iand imultilevel iconverters which provide higher level iof ipower quality iat

the input iac isource iand at dc ioutput

Figure 3.1: Topology-framework based characterization of improved power quality con-
verters
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Figure 3.2: Converter-based arrangement of improved ipower iquality iconverters

3.2 Component stress

L. Petersen et al. [8] In this paper,single organize topology is contrasted and the

two phase topology PFC converter which utilized for the most recent decade and still

proceeds. The objective of this paper is to draw the consideration on the quantitative

investigation of power transferred. To think about the part stress, the after-effects of

fundamental DC-DC topologies has been investigated. get the information to discover

the elective arrangement of PFC converter and set against the normal two-stage solution.

With the assistance of the component load factors(CLF) looked at different con-

verter topologies [13].other parameter Like cost,size and productivity in a roundabout

way rely upon segment stress,so it is determined for fundamental topologies and consider-

ing segment stress change under various conditions .a framework of suitable arrangement

are accomplished with and the investigation of what ought not to do. Bizarre segment

stress is inspected with the data got from the utilization of CFL.

8



3.3 Investigate Current ripple in output capacitor

Dehong Xu et al. [14]Investigated output capacitor current ripple for Boost converte

i,3-level iconverter iwith iswitch in a require range, two lower switches converter and

itotem ipole iconverter iwith switch in a require range. Its effect on output ivoltage iripple

and icapacitor ivoltage istress iis iexamined. In ioutput capacitors iFilter icurrent iripples

for these four topologies are contrasted and the method ito iselect ioutput icapacitor

iaccording ito icurrent iripple icapability of icapacitor is ienumerated.

3.4 Solution for the Issues such ias iVoltage and icurrent

isensing, iEMI inoise

Bing Lu at el. [15]completed the exploration to illuminate the voltage detecting, current

detecting and EMI noise by one cycle control method. Ordinary boost PFC experiences

the high iconduction iloss in the iinput rectifier ibridge iconnected in frontend. High

conversion efficiency can be accomplished by utilizing the bridgeless iboost itopology.

This new icircuit has issues, for example, voltage detecting, current detecting, and EMI

inoise. In this paper, one cycle control procedure is utilized to unravel the issues of

the voltage idetecting and current idetecting. Exploratory outcomes show efficiency

iimprovement and EMI execution

9



3.5 Current Distortion Problem at low Power

Costel Petrea at el. [16]The ordinary boost ipower ifactor remedy iconverter has high

iconduction loss as a result of the input irectifier ibridge. The utilization of a bridgeless

iPFC icircuit ioffers high efficiency. For high powers, the bridgeless circuit will be in-

tended to work in persistent iconduction imode i(CCM), utilizing a normal current imode

icontrol. The iswitches have iparasitic capacitances ithat in iCCM lead ito switch ilosses,

iwithout impacting the waveform of the converters. For low loads, the intermittent con-

duction imode iMl iD3 iM2 iD4 i(DCM) shows up, yet the parasitic icapacitances ilead

ito the iinput icurrent idistortion. This paper centers around the simulation and exami-

nation of bridgeless PFC converter working at higher load and lower load and potential

answers for wipe out the distortion iof ithe icurrent iworking at low ipower.

3.6 Bridgeless P.F.C. Configuration

Ugo Moriconi et al. [17]portrays an inventive topology devoted to a medium to high

power PFC organize. The innovation of this topology is the nonappearance of the bridge

that generally is put between the EMC ifilter and ithe iPFC istage. The upsides of this

topology can be found as far as increased efficiency and improved thermal management.

3.7 Survey of basic AC– DC PFC topology

The conventional, bridgeless and interleaved boost converters are analyzed to use in front-

end of ac– dc change in charging of battery in PHEV in the accompanying sub-section.

3.7.1 Conventional Boost Converter

The conventioal boost topology is the most renowned topology for PFC working. In PFC

working, diode bridge is utilized to rectify the AC input voltage to DC , and after this

the boost converter, as appeared in Figure. The output ripple current is high in this

topology and is the contrast between the DC output current and the diode current. At

high power level in the diode connect ,losses become essentially expansive and decline the

10



effectiveness, so worried with the heat dissemination in a restricted area progresses toward

becoming issue. considering above limitations, this topology is works useful for a low to

medium power extend, up to about 1 kW. Above 1KW power level, architects inclines

toward parallel semiconductors so as to give more output power. Size of inductor likewise

turned out to be big issue at high power in view of the restricted core size accessible for

the power level and the overwhelming wire check required for winding.

Figure 3.3: Conventional PFC boost converter

3.7.2 Bridgeless Boost Converter

Information connect rectifier isn’t required in the bridgeless boost PFC topology in con-

trast with the Boost AC-DC PFC converter, still, it keeps up the great boost topol-

ogy. [15–21], as shown in Fig.3.4. It is useful for applications at power levels more

prominent than 1 kW, where efficiency and power density are critical. This topology

evacuate the issue of iheat imanagement iin the input irectifier idiode ibridge, iyet the

drawback is that expanded iEMI present in the circuit [22–24]. skimming input line as

for the PFC organize ground is the Another bad mark of this topology, therefore without

a low an optical coupler or frequency transformer it unfit to detect the input voltage.

Additionally, there is a need of complex hardware so as to detect the input current,

current in the MOSFET and diode ways independently, in light of the fact that every

half-line cycle current path does not have a similar ground [17,25]
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Figure 3.4: without rectifying Bridge PFC boost converter

3.7.3 Interleaved iBoost iConverter

The interleaved boost converter, shown in Figure.3.5, compose of parallelly connected

two boost converter , working 180◦ out of phase with the help of switching pulses [19,26,

27]. The input current is the summation of the two inductors currents in LB1 and LB2.

parallel-ling of boost converter result into many merits. The ripple currents flows in these

inductors are out of phase, subsequently they counteract one another, and thusly decrease

the high frequency input ripple current delivered by the iboost iswitching iaction, so the

measure of input EMI filter is diminished [28–30].

Figure 3.5: Interleaved PFC boost converter
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further, the favorable position of this topology is to decrease conduction losses

as semiconductors are associated parallelly. hence, high ifrequency iripple in the output

capacitor is additionally diminished. One important inconvenience of the interleaved

iboost iPFC iconverter is the heat imanagement ithe executives in the input idiode ibridge

isimilar as was in the boost iPFC iconverter.

In the resulting area, another BLIL boost PFC converter is prescribed. The

boost diode rectifier bridge is dispensed with this high efficiency at power levels over

3 kW is accomplished in proposed topology and its attributes of low iEMI idue to

iinterleaving, which is an innate advantageous nature of the boost and iinterleaved iboost

iPFC itopologies.
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Chapter 4

PROPOSED BLIL BOOST

TOPOLOGY

To address the issues as talked about in chapter3 the BLIL PFC converter topology as

appeared in Fig.4.1 . The number of semiconductor device used in this converter is simi-

lar as in interleaved boost PFC converter.In contrast with interleaved help PFC converter

,it required two more MOSFETs and two quick diodes rather than four moderate diodes

utilized in the input bridge of interleaved iboost iPFC iconverter . Proposed iConverter

operation iand steady-state ianalysis is done in the upcoming section. Table 4.1 summa-

rizes the merits and demerits of the proposed topology and the three itopologies ireviewed

in chapter 3

Figure 4.1: Proposed BLIL PFC boost converter
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Table 4.1: COMPARISON OF AC-DC PFC TOPOLOGIES FOR PHEV BATTERY
CHARGING
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Chapter 5

OPERATIONAL ANALYSIS

5.1 CIRCUITWORKINGAND STEADY-STATE EX-

AMINATION

To eliminate the short coming of the topologies described in Chapter 3 foritheiconventional

boost,ibridgelessiboost,iandiinterleavediboostitopologies,iThe bridgelessiinterleaved (BLIL)

PFC converter [31] is proposed as shown in Figure 4.1 .Instead of four moderate diodes as

utilized in the information extension of the standard interleaved iboost PFC iconverter ,

BLIL iconverter presents two more MOSFETs and two all the more quick diodes.To com-

prehend the circuit task , the inputisupplyicycleihas beenipartitionediinto theipositiveiand

negativeihalficycles, as portrayed in sub-segments that pursue.What’s more, depending

on the duty cycle the detailed circuit operation is additionally portrayed, thusly positive

half cycle task investigation is accommodated for D > 0.5 and D < 0.5.
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Figure 5.1: BLIL PFC boost converter

5.1.1 Positive Half Cycle working

Refers to Figure 5.2,In the positive ihalf icycle of AC iinput ivoltage, PAIR-1 switches

(Q1&Q2) switch on and current moves through L1 and Q1 and proceeds through Q2

(and in part its body diode) and afterward L2, come back to the supply line with putting

away energy in L1 and L2. When Q1 and Q2 switch off, energy put in L1 and L2 is put

away as current moves through D1, through the load and come backithroughitheibody

diodeiofiQ2iback itoitheiinputimainsisupply.

Withiinterleaving, theisimilar thing happens for Q3 and Q4, butiwithia 180◦

phaseidelay. The working for thisimodeiis PIAR-2 switches (Q3 and Q4) on putting en-

ergy in SET-2 (L3 and L4) inductors byitheipath L3-Q3-Q4-L4 backitoithe input. When

Q3 and Q4 switch off, energy is given away through D3ito theiload andicomingibackiby

theibodyidiodeiofiQ4ibackitoitheiinput imains.

17



Figure 5.2: Positive Half Cycle working

5.2 Negative iHalf iCycle working

Refers toiFig. 4-1, In theinegativeihalficycle,iDuring negative ac input supply voltage ,

Q1andQ2 switch on and current moves through L2 and Q2 and proceeds through Q1

(and part of its by body idiode) and then L1, coming back to the line while putting

energy in L2 and L1. When Q1 and Q2 switch off, energy put in L2 and L1 is given as

current moves through D2, through the load and comes back by the body diode of Q1

back to the input mains.

Withiinterleaving, the similar mode occurs for Q3 and Q4, but withia 180◦ phasei

delay. The working for this mode has Q3 and Q4 on, putting energy in L3 and L4 by

the path iL4-Q4-Q3-L3 back to the input.
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Figure 5.3: Negative Half Cycle working

5.2.1 Point by point Positive iHalf iCycle working and study for

D > 0.5

The total working ofitheiproposediBLILiPFCiconverterireliesionitheidutyicycle. During

ianyihalficycle, theiconverteridutyicycleiisieitherimoreithan i0.5 (whenitheiinputivoltage

is smallerithan halfiofioutputivoltage) orilessithani0.5 (whenitheiinputivoltageiisimorei

than halfiofioutputivoltage).

Figure 5.4: During Interval 1 when PAIR-1 switches are high and body diode of Q4
working
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Figure 5.5: During Interval 2 and 4,when all switches are high

Figure 5.6: During Interval 3 PAIR-2 switches are high,and body idiode of Q2 working

Figures 5.4 to 5.6 demonstrate the three one of a kind working interval circuits of

the proposediconverter foridutyicycles more than 0.5 in a positiveihalficycleioperation.

Waveforms of the proposed converter in these conditions are illustrated in Figure ?? and

Figure??.

Because theiswitchingifrequencyiofiproposediconverter is quite higher than thei

frequency iofiinputilineivoltage, theiinputivoltage V2 isitaken into consideration constant
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for the duration of one switchingiperiod T4. Theiinputivoltageiis given by:

vi =
√

2Vs sin(θ) (5.1)

During positive ihalf icycle of the iinput ivoltage, the iduty iratio of the iBLIL iconverter

idecides the following ivoltage relation:

Vo
vi

=
1

1−D
(5.2)

The time iperiods iof ioperation are mentioned as follows. In addition, theiripple icurrenti

componentsiareiderived, helped in calculation of the inputiripple i current, which give

designing information to satisfy the required inputicurrentirippleistandard.

Interval 1 (t0 − t1)

At a point t0,when G1 is high while G2 is low,as shown in Figure.5.4. Throughout this

interval the current in the SET-1(L1&L2) inductors irise gradually and putting energy in

these inductors. The ripple icurrents of PAIR-1(Q1&Q2) switches are same as of SET-1

inductors.,its equation given by,

∆iL1 =
1

L1 + L2

vi(1−D)Ts (5.3)

The input iripple icurrent is the iaddition of SET-1 and SET-2 inductors:

∆Iin =
1

L1 + L2

VO(1−D)TS (5.4)

Interval 2 (t1 − t2)

At a point t1,when G2 is high while G1 is already high,as shown in Figure.5.5. Through-

out this interval the current in the all the inductors rise gradually and putting energy

in these inductors. The ripple icurrents of PAIR-1(Q1&Q2) switches are same as of
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SET-1(L1&L2) inductors

∆iL1 =
1

L1 + L2

vi

(
D − 1

2

)
TS (5.5)

likewise, the ripple icurrents of Pair two switches which contain Q3&Q4 (PAIR-2) are

same as in set of series inductor, which contain L3&L4(SET-2)

∆iL3 =
1

L3 + L4

vi

(
D − 1

2

)
TS (5.6)

The input iripple icurrent is the addition of SET-1 and SET-2 inductors:

∆Iin =
2

L1 + L2

vi

(
D − 1

2

)
TS (5.7)

Interval 3 (t2 − t3)

At a point t2,when G1 is low while G2 is already high,as shown in Figure.5.6. Throughout

this interval the current in the SET-2(L3&L4) inductors rise gradually and putting energy

in these inductors. The ripple currents of PAIR-2(Q3&Q4) switches are same as of SET-2

inductors.

∆iL3 =
1

L3 + L4

vi(1−D)TS (5.8)

The current in SET-1(L1&L2) gradually reduce through D1,Co and body diode of Q2

and transfer the energy to the iload .The ripple current in the SET-1 series inductors,

which contain L1&L2 is given by

∆iL1 =
1

L1 + L2

(Vo − vi) (1−D)TS (5.9)

The input ripple current is the addition of SET-1(L1&L2) and SET-2 (L1&L2) inductors

∆Iin =
1

L1 + L2

Vo(1−D)Ts (5.10)
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Interval 4 (t3 − t4)

At a point t3,when G2 is high while G1 is already high,as shown in Figure.5.5. Through-

out this interval the current in the all inductors rise gradually and putting energy in all

the inductors. The ripple icurrents of Q1&Q2 are same as of L1&L2 :

∆iL1 =
1

L1 + L2

vi

(
D − 1

2

)
Ts (5.11)

likewise, the ripple icurrents of Pair two switches which contain Q3&Q4 (PAIR-2) are

same as in set of series iinductor, which contain iL3&L4(SET-2)

∆iL3 =
1

L3 + L4

vi

(
D − 1

2

)
Ts (5.12)

The input ripple current is the addition of SET-1 and SET-2 inductors:

∆Iin =
2

L1 + L2

vi

(
D − 1

2

)
TS (5.13)
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Figure 5.7: for D > 0.5,steady-state Waveforms of BLIL PFC boost converter.
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Figure 5.8: for D > 0.5,steady-state Waveforms of BLIL PFC boost converter

5.2.2 Point by point Positive iHalf iCycle working and study for

D < 0.5

Figure5.9 to Figure 5.11 illustrate the working interval circuits of the proposed iconverter

for duty cycles less than 0.5 in the positive half cycle.iThe waveforms of the proposed

iconverter in these state are illustrated in Figure . The working of intervals are discribed

as follows:
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Figure 5.9: Body idiodes iof Q2 and Q4 conducts in Interval1 and 3

Figure 5.10: PAIR-1 switches are switch ON,and body diode of Q4 conducts in
Interval 2
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Figure 5.11: PAIR-2 switches are switch ON,and body diode of Q2 conducts in
Interval 4

Interval i1 (t0 − t1)

At a point t0,when G1 is low while G2 is already high ,as shown in Figure.5.9. Throughout

this interval ithe current in the SET-1(L1&L2) inductors rise gradually and putting

energy in the load by the path following D1,Co, and body diode of Q2. The ripple

currents of of SET-1 inductors.,its equation given by,

∆iL1 =
1

L1 + L2

(Vo − vi)
(

1

2
−D

)
TS (5.14)

Apart from this, the current through the SET-2 inductor also decreases gradually,

transfer the energy to the load by D3, Co and body diode of Q4. The ripple current in i

the SET-2 inductor is:

∆iL3 =
1

L3 + L4

(VO − vi)
(

1

2
−D

)
TS (5.15)

The input current is the addition of currents in L1/L2 and L3/L4:

∆Iin =
2

L1 + L2

(VO − vi)
(

1

2
−D

)
TS (5.16)
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Interval 2 (t1 − t2)

At a point t1,when G1 is high while G2 is low,as shown in Figure.5.10. Throughout this

interval the current in the SET-1(L1&L2) inductors rise gradually and putting energy in

these inductors. The ripple currents of PAIR-1(Q1&Q2) switches are same as of SET-1

inductors.,its equation given by,

∆iL1 =
1

L1 + L2

viDTS (5.17)

The current in SET-2 inductor decreases gradually and transfer the energy to the load

by D3, Co and body diode of Q4. The ripple icurrent in L3 iand L4 is:

∆iL3 =
1

L3 + L4

(Vo − vi)DTS (5.18)

The input iripple icurrent is the addition of the currents in SET-1 and SET-2 inductors:

∆Iin =
1

L1 + L2

VoDTS (5.19)

Interval 3 (t2 − t3)

At a point t2,when G1 is low while G2 is already low,as shown in Figure.5.9. Throughout

this interval the current in the SET-1(L1&L2) inductors reduce gradually and tranfer

energy to the load by D1,Co and body diode of Q2. The ripple currents of SET-1

inductors,its equation given by,

∆iL1 =
1

L1 + L2

(Vo − vi)
(

1

2
−D

)
TS (5.20)

likewise, the current in the SET-2(L3&L4) inductors reduce gradually and tranfer energy

to the load by D3,Co and body diode of Q4. The ripple currents of SET-2 inductors,its

equation given by,

∆iL3 =
1

L3 + L4

(Vo − vi)
(

1

2
−D

)
Ts (5.21)

28



The input icurrent is the addition of currents in SET-1 and SET-2 inductors:

∆Iin =
2

L1 + L2

(Vo − vi)
(

1

2
−D

)
TS (5.22)

Interval 4 (t3 − t4)

At a point t3,when G2 is high while G1 is already low ,as shown in Figure.5.11. Through-

out this interval the current in the SET-2(L3&L4) inductors rise gradually and putting

energy in these inductors. The ripple currents of PAIR-2(Q3&Q4) switches are same as

of SET-2 inductors.its equatio given by

∆iL3 =
1

L3 + L4

viDTS (5.23)

The current in SET-1 inductors gradually reduce and transfer the energy to the load by

D2, Co and body diode of Q4. The ripple current in SET-1 inductors is:

∆iL1 =
1

L1 + L2

(Vo − vi)DTs (5.24)

The input icurrent is the addition of currents in SET-1 and SET-2 inductors:

∆Iin =
1

L1 + L2

VoDTs (5.25)

The working of iconverter in the negative half cycle of input voltage is identical to the

working of converter in the ipositive ihalf icycle of input ivoltage.
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Figure 5.12: for D > 0.5,steady-state Waveforms of BLIL PFC boost converter
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Figure 5.13: for D > 0.5,steady-state Waveforms of BLIL PFC boost converter
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Chapter 6

ANALYTICAL MODELING

In order to properlyzselect the power stagezcomponents of a converter andzcalculate

the associated power losses,zit is necessary to performza current stress analysis.zTo

do so, analytical expressions are required;zincluding RMS switch and inductor cur-

rentzstresses and average diodezcurrent stress. In aztypical boost converter, the MOS-

FETzand diode current waveformszare pulsed-width modulated,zwith both the duty cy-

clezand peak amplitude varyingzwith the ac input, sozanalytical modeling is challeng-

ing,zand is most often performedzusing circuit simulation.zHowever, without an effective

mathematicalzmethod for determining these RMS andzaverage values, the designzand se-

lection of power stagezcomponents can be flawed.zTherefore, this sub-section proposeszan

analytical model that can bezused for all boost derived PWMzPFC regulators. The fol-

lowing assumptionszwere made in order to analysezthe converters and tozderive the stress

equations:

a) continuous conduction modez(CCM) working is assumed;

b)assumed as unity power factor. i.e., the line currentzis in phase and shape with the

inputzline voltage as a sinusoidal waveform;

c) the PFC outputzvoltage is dc with no voltagezripple.

In a typical boost converter,zthe converter MOSFET duty cyclezis given by

δQ(θ) = 1− |VIN(θ)|
VO

= 1− VPK | sin(θ)|
Vo

(6.1)
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Assuming the inductorzcurrent is a sinusoidal waveform

iL(θ) = IPK | sin(θ)| (6.2)

The instantaneous MOSFETzcurrent and its RMS currentzcan be derived respectively:

iQ(θ) = IPK | sin(θ)|.iL(θ) (6.3)

The converter MOSFET dutyzcycle RMS and its RMS currentzcan be derived, respec-

tively

δQ−mns(θ) =

√
1

π

∫ π

0

(
1− VPK | sin(θ)|

Vo

)2

dθ (6.4)

IQ−rms(θ) =

√
1

π

∫ x

0

[IPK | sin(θ)| (δQ(θ))]2 dθ (6.5)

The high frequencyzinductor current ripple is assumedzto be half of peak inductor cur-

rentzin each channel for anzinterleaved boost converter

∆IRP =
1

2

IPK
2

(6.6)

The high frequency ripplezcomponent of the inductor current iszassumed to be a trian-

gular waveformzwith a fixed duty cycle,zso the RMS current in each inductorzis defined

by

IL−rms(θ) =

√(
1√
2

IPK
2

)2

+

(
1

2
√

3
∆IRP

)2

=
5

4
√

3

Pin
VPK

(6.7)

The boost diode dutyzcycle is given by

δD(θ) = 1− δQ(θ) =
VPK | sin(θ)|

VO
(6.8)
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Therefore, the instantaneouszboost diode current and itszaverage current can

bezderived, respectively

ID(θ) = IPK | sin(θ)|VPK | sin(θ)|
Vo

(6.9)

ID−σve =
1

π

∫ π

0

IPK | sin(θ)|
(
VPK | sin(θ)|

Vo

)
dθ (6.10)

The output capacitorzcurrent has high frequencyzand low frequency components.zThe

low frequency componentzis simply given by

IC−ms(LF) =
Io√

2
=

1

2

Po
Vo

(6.11)

And the high frequency RMS ripple current component is [32]

IC−ms(HF) =
Pin
Vo

=

√
16Vo

6πVPK
− P 2

o

P 2
in

(6.12)

The same method was usedzto derive RMS currentzin different topologies.zTable 6.1shows

a summary of componentzRMS current stress for conventionalzboost converter and bridge-

lesszboost converter. Table 6.2 provides thezsame summary for interleavedzboost con-

verter and bridgelesszinterleaved boost converter.

34



Table 6.1: Brief description of the component currentzstresses for the conventional
boost,Bridgeless

Table 6.2: Brief description of the component current stresseszfor the interleaved
boost,and BLIL PFC topology
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Chapter 7

CALCULATION

Component current stresses are evaluated for Bridgeless interleaved PFC topology

7.1 Inductor RMS current

from equation 6.7,we have

IL−rms(θ) =

√(
1√
2

IPK
2

)2

+

(
1

2
√

3
∆IRP

)2

(7.1)

substituting peak current from equation 6.6,we have

=

√(
1√
2

IPK
2

)2

+

(
1

2
√

3

(
1

2

IPK
2

))2

(7.2)

= IPK

√
1

8
+

1

12

1

16
= IPK

√
25

12× 16
= IPK

5

8
√

3
(7.3)

=
5

4
√

3

Pin
VPK

∵ IPK =
2Pin
VPK

(7.4)

7.2 Input Bridge Diode Average Current

As there is no Input bridge rectifier in BLIL PFC converter .So calculation of Input

Bridge Diode Average Current is not applicable .
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7.3 Fast Diode Average Current

from equation 6.10,we have

ID−σve =
1

π

∫ π

0

IPK
2
| sin(θ)

(
VPK | sin(θ)|

Vo

)
dθ (7.5)

=
VPK
VO

IPK
2π

∫ π

0

| sin(θ)|2dθ (7.6)

=
VPKIPK

2VO

2

π

∫ π
2

0

| sin(θ)|2dθ ∵
∫ π

0

f(θ)dθ =

∫ π

0

f(π − θ)dθ = 2

∫ π
2

0

f(θ)dθ (7.7)

=
VPKIPK

2VO

2

π

(
1

2

π

2

)
∵
∫ π

2

0

cosn(θ)dθ =

∫ π
2

0

sinn(θ)dθ =
(n− 1) · · · 5 · 3 · 1

n · · · 6 · 4 · 2
π

2
(7.8)

If n is even

=
VPKIPK

2VO

1

2
=

Pin
2VO

∵
IPKVPK

2
= Pin (7.9)

7.4 MOSFET RMS Current

from equation 6.5,we have

IQ−rms(θ) =

√
1

π

∫ π

0

[
IPK

2
| sin(θ)| (δQ(θ))

]2
dθ (7.10)

substituting duty cycle from equation 6.1,we have

=

√
1

π

∫ π

0

[
IPK

2
| sin(θ)|

(
1− VPK | sin(θ)|

Vo

)]2
dθ (7.11)

=

√
2

π

∫ π
2

0

[
IPK

2
| sin(θ)‖

(
1− VPK | sin(θ)|

Vo

)]2
dθ (7.12)

∵
∫ π
0

f(θ)dθ =
∫ π
0

f(π − θ)dθ = 2
∫ π

2

0
f(θ)dθ
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=
IPK

2

√
2

π

∫ π
2

0

sin (θ)|2
(

1− VPK | sin(θ)|
Vo

)2

dθ (7.13)

=
IPK

2

√√√√ 2

π

∫ π
2

0

| sin(θ)|2
(

1 +

(
VPK
Vo

)2

| sin(θ)|2 − 2
VPK
VO
| sin(θ)|

)
dθ (7.14)

=
IPK

2

√√√√ 2

π

(∫ π
2

0

| sin(θ)|2dθ +

(
VPK
VO

)2 ∫ π
2

0

| sin(θ)|4dθ − 2
VPK
VO

∫ π
2

0

| sin(θ)|3dθ

)
(7.15)

=
IPK

2

√√√√ 2

π

(
1

2

π

2
+

(
VPK
VO

)2
3 · 1
4 · 2

π

2
− 2

VPK
VO

2

3 · 1

)
(7.16)

∵
∫ π

2

0
cosn(θ)dθ =

∫ π
2

0
sinn(θ)dθ

= (n−1)···5·3·1
n···6·4·2

π
2
If n is even

= (n−1)···6·4·2
n····5·3·1 If n is odd

=
IPK

2

√√√√(1

2
+

(
VPK
VO

)2
3

8
− VPK

VO

8

3π

)
(7.17)

=
IPK

2

√(
3π (4V 2

o + 3V 2
PK)− 64VPKVO

24πV 2
o

)
(7.18)

=
IPK

4
√

6Vo

√(
3π (4V 2

o + 3V 2
PK)− 64VPKVO
π

)
(7.19)

=
Pin

2
√

6VoVPK

√(
3π (4V 2

o + 3V 2
PK)− 64VPKVO
π

)
(7.20)

∵ IPKVPK
2

= Pin ⇒ IPK = 2Pin
VPK

for BLIL PFC converter

38



7.5 MOSFET Intrinsic Body Diode Average Current

from equation 6.10,we have

ID int-ave =
1

π

∫ π

0

IPK
2
| sin(θ)|

(
VPK | sin(θ)|

Vo

)
dθ (7.21)

=
VPK
VO

IPK
2π

∫ π

0

| sin(θ)|2dθ (7.22)

=
VPKIPK

2VO

2

π

∫ π
2

0

| sin(θ)|2dθ (7.23)

∵
∫ π
0

f(θ)dθ =
∫ π
0

f(π − θ)dθ = 2
∫ π

2

0
f(θ)dθ

=
VPKIPK

2VO

2

π

(
1

2

π

2

)
(7.24)

∵
∫ π

2

0
cosn(θ)dθ =

∫ π
2

0
sinn(θ)dθ

= (n−1)···5·3·1
n···6·4·2

π
2

If n is even

=
VPKIPK

2VO

1

2
=

Pin
2VO

∵
IPKVPK

2
= Pm (7.25)

,

7.6 Output Capacitor RMS Ripple Current (Low Fre-

quency)

∆Icap-ripple = Ioutput-ac =

√
(Ioutput−rms)

2 − (Io)
2 (7.26)

At low frequency,

∆Icap-ripple =
Io√

2
=

√
2

2

Po
Vo

(7.27)

7.7 Output Capacitor RMS Ripple Current (High Fre-

quency)

∆Icap-ripple = Ioutrput−ac =

√
(Ioutput−rms)

2 − (Io)
2 (7.28)
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At high frequency,

Iouttput−rms = ID−rms(θ) = iL(θ)
√
δD(θ) (7.29)

Iouttputms(θ) =

√
1

π

∫ π

0

[Ioutput-rms]
2 dθ (7.30)

=

√
1

π

∫ π

0

[
iL(θ)

√
δD(θ)

]2
dθ (7.31)

∵ Ioutput−ms = ID−rms(θ) = iL(θ)
√
δD(θ)

=

√
1

π

∫ π

0

I2PK | sin(θ)|2VPK | sin(θ)|
VO

dθ (7.32)

Substituting equation 6.2,6.8

= IPK

√
VPK
Vo

√
1

π

∫ π

0

| sin(θ)|3dθ (7.33)

= IPK

√
VPK
Vo

√
2

π

∫ π
2

0

| sin(θ)|3dθ (7.34)

∵
∫ π
0

f(θ)dθ =
∫ π
0

f(π − θ)dθ = 2
∫ π

2

0
f(θ)dθ

= IPK

√
VPK
Vo

√
2

π

2

3 · 1
(7.35)

∵
∫ π

2

0
cosn(θ)dθ =

∫ π
2

0
sinn(θ)dθ

= (n−1)···6·4·2
n···5·3·1 If n is odd

=
Pin
VPK

√
VPK
Vo

√
4

3π
(7.36)

∵ 2
(
IPKVPK

2

)
= Pin ⇒ IPK = Pin

VPK
Now,

∆ cap-ripple = Ioutput-ac =

√
(Ioutput−rms)

2 − (Io)
2 (7.37)

=

√√√√( Pin
VPK

√
VPK
Vo

√
4

3π

)2

− (Io)
2 (7.38)
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=

√√√√( Pin
VPK

√
VPK
Vo

√
4

3π

)2

−
(
Po
Vo

)2

∵ Io =
Po
Vo

(7.39)

=
Pin
Vo

√
Vo
VPK

4

3π
− P 2

o

P 2
in

(7.40)
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Chapter 8

EXPERIMENTAL RESULTS

8.1 Simulation Result

Simulation of the prototype model has been done to verify the operation of the topology

taken.Diagram of the prototype is given in figure. simulation results waveform of are

shown in figure

Table 8.1: Value of Parameters taken for Simulation

from the input voltage and current waveform shown in figure8.6,8.5 we can see that both

are in phase and their shape is nearly sinusoidal. Component information is provided in

Table 8.1 for the semiconductors and powering components of the proposed BLIL PFC

converter.
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. The converter power factor is calculated from in Fig.8.5 and8.6 for the load of

400V and 160 ohm.with this topology . The converter power factor is calculated from in

Fig. 8-3 and 8-4 for the load of 400V and 160 ohm.

Figure 8.1: Input current signal

Figure 8.2: Total Harmonic Distortion
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Figure 8.3: Output current

Figure 8.4: Output Voltage

Figure 8.5: Input current

Figure 8.6: Input Voltage
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Figure 8.7: Inductor current of L1

Figure 8.8: Inductor current of L2

Figure 8.9: Inductor voltage of L1

Figure 8.10: Inductor voltage of L2
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Figure 8.11: MOSFET-1 current

Figure 8.12: MOSFET-2 current

Figure 8.13: MOSFET-1 voltage

Figure 8.14: MOSFET-2 voltage
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Figure 8.15: Diode-1 current

Figure 8.16: Diode-2 current

Figure 8.17: Diode-1 voltage

Figure 8.18: Diode-2 voltage
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Figure 8.19: MOSFET-1 Body Diode current

Figure 8.20: MOSFET-2 Body Diode current
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Chapter 9

conclusion

A Bridgeless Interleaved topology discussed in this dissertation ,which deploy

as the front part of AC-DC iconverter in iplug-in ihybrid iElectric ivehicle ibattery

icharger.which is studied and its characteristics presented.

Experiment results shows the iefficiency ,graphs iand iinput icurrent iharmonics.

Harmonic data of iinput current iis icompared iwith the iEN 61000-3-2 istandard lim-

its,which ishould be less than 5% from half iload to full iload and iconverter is ifollow

with the EN 61000-3-2 standard .The proposed converter achieved a peak efficiency of

i98.9 % at 10 kHz iswitching ifrequency, i230 V input and 1kW output power.

As the studied itopology shows high ipower ifactor over wide range of load and

less input icurrent iharmonics,it has the caliber for the PFC in high power level II battery

charging application.
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