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1. INTRODUCTION

Most electronic equipment is supplied by 50 Hitytpower, and more than 50% of this power is
processed through some kind of power converterallispower converters use a diode rectifier followsy
a bulk capacitor to convert AC voltage to DC vo#ia§ince these power converters absorb energytfiem
AC line only when the line voltage is higher thdme tDC bus voltage, the input line current contaiob
harmonics, which pollute the power system and feterwith other electric equipment. These converter
usually have a low power factor of 0.65. More gfeint international requirements to limit the limgout
current harmonics, such as EN-61000-3-2 have béected recently. Because the conventional simple
diode rectifier followed by a bulk capacitor cannwet the requirements, which have stimulatedekearch
of power factor correction techniques.

The power factor is defined as the ratio of therage power to the apparent power at an AC
terminal. When a converter has less than unity pdaetor, it means that the converter absorbs aopar
power higher than the real power it consumes. ithies that the power source should be rated higher
VA ratings than the load needs. In addition, therant harmonics the converter produces deteridtate
power source quality, which eventually affect thieeo equipment. The simple solution to improve fibever
factor is to add a passive filter, which is usualmposed of a capacitor and an inductor. Howethés,
passive filter is bulky and inefficient since it evptes at the line frequency. Therefore, a powetofa
correction stage has to be inserted to the existigipment to achieve a good power factor. The PFC
technique reduces current harmonics in utility eiyst produced by nonlinear loads.

Among the different alternatives, the booshverter operating in continuous conduction mode
(CCM) has been widely adopted as a front-end PRCregulator [1, 2].The favourable features of boost
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converter are simple topology, high power dendi#gt transient response and continuous input curren
Therefore, boost converters are usually used fergifit power electronics applications such as add@FC,
photovoltaic power systems and fuel cells [3], [Also interleaved operation (the parallel connectod
switching converters) of two or more boost convsrteas been proposed to increase the output powleioa
reduce the output ripple. This technique consié phase shifting of the control signals of seleedls in
parallel operating at the same switching frequedtyAs a result, the input and output current waves
exhibit lower ripple amplitude [6].

High-switching-frequency operation is necessarathieve small size of the converter. However,
the switching loss will increase as the switchiregfiency is increased. To solve this problem, seitching
techniques are necessary. The zero-voltage-swit€A®@®) technique and zero-current-switched (ZCS)
technique are two commonly used soft switching wes$h[7]. By adopting these techniques, either gelta
or current is zero during switching transitions,iethlargely reduces the switching loss and alsceiases the
reliability of the power supplies.

The choice of the soft-switching technique,, ZCS or ZVS, it is taking into account the
technology of the semiconductor device that willused. For example, the Power MOSFETSs present a
better performance when are commutated under ZW@e ghey exhibit turn-on capacitive losses when
operating in ZCS increasing the switching losses BMI. On the other hand, the IGBTs present better
results when are commutated under ZCS which caid dkeir lath up and the turn-off losses causedhey
tail current. Nevertheless, the ZCS techniques Isavee drawbacks such as, a significant voltagsswa
the main diode, which increases the conductionelkysand the presence of the resonant inductorriasse
with the main switch, which increases the magnietises [8]. The technique of zero voltage switchisg
applicable to all switching topologies. ZVS techrégbasically consists of forcing to zero the actwétch
voltage, prior to its turn-on, by creating a resm®between an inductor and a capacitor. The indatso
limits the rate of variation of the diode curresm, losses due to the reverse recovery are redsceglq[9],
[10].

2. PRINCIPLE OF PROPOSED TOPOLOGY

In the proposed circuit diagram, the diode bridggtifier is used to convert the ac line input vgia
to the dc value. The circuit consists of two cetérleaved boost converters. With the help of ithtisrleaving
technique, inductor current of interleaved boostvester can be reduced. Thus result in reducingdtod
size.

The main switches of the converter, Mnd M are gated with 180phase shift with identical
frequencies and duty ratios. The auxiliary cirésibdded to two cell interleaved boost converterettuce
the switching losses. The auxiliary circuit consief an auxiliary switch, an auxiliary inductor aadfew
other passive components. The auxiliary inductoislrequired for the resonant process that disasatige
drain source capacitance of the switch and fottiimgithe rate of change of the diode current at off. The
auxiliary switch, Ma is gated with constant dutyioggust before the main switches. This initiateeaonant
process, which creates zero voltage switching ¢mmdi for the main active switch. The time intervddere
the auxiliary circuit is active, is very short coanpd to the switching period.

In the previously implemented schemes, zero voltagéching condition for the main switch
without increasing the voltage stress of the maid auxiliary switch is used [10,11]. The disadvagetaof
this converter is that the auxiliary switch opesat@der hard switching condition and this increaBesEMI
noise level and decreases the efficiency of theeder.
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Figure 1. Soft switched interleaved boost converte
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In the proposed interleaved ac-dc convetter main switches uses zero voltage transitionTjZ
technique and auxiliary switches use the soft switg technique. The ZVT technique provides basjicall
perfect turn on process for the main switches ef ¢hnverter [11]. Here there is no overlap betwien
voltage and current of the main switches and heocswitching losses take place at turn on pro&sshis
converter has no additional voltage and curreesstrs and the efficiency is also improved.

The controller uses Average current contnode. The PFC control circuit includes the follogvin
control loops: Voltage Control Loop and Current @ohLoop. The voltage control loop compares output
voltage with reference and provides error to loegutates the output voltage regardless of any tamigin
load current and the supply voltage. The outputhef voltage control loop is a control signal, which
determines the reference current for the currentrobloop. The function of the current compensasoto
force the current to track the current referenes igiven by the multiplier and which has the sahape as
the input voltage. The feed forward loop is insgrie compensate the line voltage variation. Theuiuof
the current compensator decides the duty cycleréuired for switching the MOSFETs. The output from
the current controller loop is compared with thevgaoth wave and produces the corresponding PWM
signals. It is phase shifted and is given to twaennsavitches. The auxiliary switches receive theedadm a
logic circuit present in phase shifting controller.
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Figure 2. Power circuit and control circuit of theposed topology

3. DESIGN CONSIDERATION
The design procedure for the proposed softched interleaved boost converter operating in
continuous conduction mode (CCM) is presentedigdéction.

3.1. Operating Requirements

Pout (max): 600W

Vin range: 110-220VAC
Line frequency range: 50Hz
Output voltage: 400vDC

3.2. Switching Frequency

The choice of switching frequency is generatlynewhat arbitrary. The switching frequency must
be high enough to make the power circuits smallmirdmize the distortion and must be low enougkeep
the efficiency high. In most applications a switghifrequency in the range of 20 KHz to 300 KHz g®to
be an acceptable compromise [12]. This convertes asswitching frequency of 50 KHz as a compromise
between size and efficiency. The value of the itoluwill be reasonably small and cusp distortiofl e
minimized, the inductor will be physically smalldithe loss due to the output diode will not be szbe.
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Converters operating at higher power leveds find that a lower switching frequency is ddsiea
to minimize the power losses. Turn-on snubber ffier switch will reduce the switching losses and ban
very effective in allowing a converter to operatehigh switching frequency with very high efficignd~or
designing purpose here we consider the worst ¢ase; input voltage and high input current).So wéest
switching frequency £50 kHz

3.3. Input and Output Parameters
The relationship between the duty cycle #lxedoutput/input ratio for interleaved boost comeeis

1
Vo = 1-Deff "V @
I, = #(1 - Deff) * Iy (2)

3.4. Selection of Boost Inductor

The inductor determines the amount of higdgdiency ripple current in the input and its valsie
chosen to give some specific value of ripple currBrductor value selection begins with the pealtent of
the input sinusoid [13]. The maximum peak currectuss at the peak of the minimum line voltage and i
given by

ka =2 Pin/Vin min 3
PL’ = Fout max

D
L=Vis [, o, (@)

3.5. Selection of Output Capacitor
The factors involved in the selection of thetput capacitor are the switching frequency eppl

current, the second harmonic ripple current, thedD€ut voltage, the output ripple voltage andhbél-up
time[14]. The total current through the output aafm is the RMS value of the switching frequen@pte
current and the second harmonic of the line curfém hold-up time of the output often dominateg atier
consideration in output capacitor selection. Hgdisl the length of time that the output voltage agm
within a specified range after input power has beened off. Hold-up times is of 15 to 50 millisexts are
typical [15].

Hold-up time At = 25msec
Co =2x Pout * At/(e (Voz - Vozmin)) (5)

Table 1. Parameters

Parameters Values
Vin(input voltage) 110-220 Vrms, 50 Hz
Vo(output voltage) 400 Vdc

Output Power 600W
Switching frequency 50 kHz
Main inductor 700 pH

Lr 15 pH

Cs 1.1nF

Cr 10 nF

Co 470 uF
Time delay 0.85 s

4. RESULTSAND OBSERVATIONS

The simulation of the whole scheme is cdrrieit in the MATLAB/SIMULINK environment.
Resistive load is considered for the investigabbautonomous operation of the proposed topologsuRs
in terms of current, voltage and triggering pulaespresented. The pulses for each switches avenshahe
figure 7. Figure 3 to figure 6 shows the simulatedults for the boost operation of the converteah whe
input voltage of 110-220 V Ac (rms), load resistainé 600 W and the output ac voltage is maintastetDO
V (Dc). The switching frequency is chosen to bebix.
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Table 2. Comparison of performance matrix

Types Power factor Efficiency (%)
Without PFC controlle 0.98 79
With PFC controllel 0.999 96.12

5. CONCLUSION

In this paper an impved ZVT interleaved boost PFtopology is introducer The computer
simulation of the convertdras been carried out usiMATLAB7.10R2010a/SIMULINK From the results,
it can be seen that the main switches turned on with ZVT ad turned off with ZVS. Also, tt auxiliary
switch and the other diodes in the auxiliary are turned on and off with ZVShis soft switching of th
auxiliary switches is the maiadvantage of the proposed topology. The switching of the output ddes
also reduces switching losses. simulation results show that the total switchingskes of th hard switched
interleaved topology is reduced by the use ofproposedauxiliary circuit. Using only one resonant induc
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and minimum number of components in the auxiliaincwit does not result in a bulky converter. The
prototype of the proposed topology has been dedignd experimental study is under progress.
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