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ABSTRACT: This paper presents Soft switching
power factor correction(PFC) of single phase and
three phases boost converter circuit with a new
active snubber circuit and the main switch is
turned on and off with zero voltage transition and
zero current transition respectively without any
additional stresses of voltage and current on the
main switch. Auxiliary switch is turned ON and
OFF with zero-current switching (ZCS) without
additional voltage stress. By connecting the
coupling inductance in the output side of the
rectifier and it decreases the current stresses on the
auxiliary switch because of some current is
bypassed through this inductor. The proposed
converter has controlled the values of output
quantities of this converter with different load
ranges. It is a very easy of controlled, cost is low
and easy to design. In this project, a completed
steady-state analysis of the proposed converter is
presented. A three-phase single switch boost
rectifier is implemented with same analysis and it
is a harmonic injection method, it injected a
specific voltage to vary the duty cycle and to meet
the reduce harmonic content and also improves the
power factor for the boost rectifier.

Keywords: Soft switching (SS), power factor
correction (PFC), Zero- current switching (ZCS),
Zero- voltage switching (ZVS), boost converter.

I.LINTRODUCTION

The power electronic devices are AC-DC
converters are having the poor power quality this
should maintain the low power factor, voltage
distortion and it reduce the efficiency. The AC-DC
converters are operated with high switching
frequency it consists of high switching losses and
low power factor. The major objective of this
scheme is to improve the power factor, reducing
the current harmonics, voltage stress and current
stress and also increasing the efficiency. In case of
A-D converters are operating at the high switching
frequency, low power factor ,cost will be high and
it consists of low efficiency and current harmonics
are developed ,this should be not applicable to
practical situations so that we preferred low
switching frequency ,high power factor converters.

This should be possible only these converters
having soft switching with PWM techniques only.

The switching converters are mainly
operating in the four modes of operation, those are
zip voltage switch (ZVS), zip current switch (ZCS),
zero voltage transition (ZVT) and zero current
transition (ZCT) with PWM method. Here the
combination of the zip voltage switch and zip
current switch are called as the soft switching
(SS).with these soft switching techniques and
PWM method, it can be improve the power factor,
switching losses will be reduced, voltage and
current stresses will be reduced completely.
Compare the ZVS and ZCS are the techniques to
improve the efficiency and reduce the current
harmonics  with addition of zero power
conversion(ZVT) and zero current
conversion(ZCT) it is the main and advanced
converters having the four methods those are soft
switching ,ZCT and ZVT with PWM technique.
The AC-DC converters are operated with high
switching frequency it consists of high switching
losses and low power factor. These drawbacks can
be overcome by these converters with soft
switching techniques for improving the power
quality, power factor and also the efficiency and
reliability with SS technique and PWM.

Il. SOFT SWITCHING TECHNIQUES

The soft-switching converter is that combining
usual Pulse Width Modulation power converters
and resonant converters. The switching conditions
are not similar to that of pulse width modulation
converter and remaining wave forms are same. The
resonant converters are operated in usual manner
but in case of conventional pulse width modulation
converters in Zero Voltage Switching and Zero
Current Switching manner. The integrated circuits
are playing important role in soft switching
converters. With these modifications turn and turn
off losses can be reduced and these converters used
for high frequencies. These converters can also
EMI is very less and used to power converters(like
as  controlled  rectifiers,  choppers and
inverters).Here the fundamental analysis of soft
switching and resonant converters with Zero
Voltage Switching, Zero Current Switching, zero
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voltage and current transition methods are
elaborated. The presences of LC resonant
converters are having the zero voltage and current
switching. The resonant circuit consists a switch S
, L, and C, are the resonant inductance and
capacitances respectively. The S switch is
designed by a single direction or two directional
switch and these states that resonant switch
operation. There are zero current and zero voltage
switching and addition of zero-current (ZC)
resonant switch and zero-voltage (ZV) resonant
switches.

2.1 ZC resonant switch

By achieving the zero current switching the circuit
consists of switch S and resonant inductance
.These resonant inductance is connected in series
with the switch S. The switch can operated in
positive cycle only because of switch is in
unidirectional type are considered. By the
connecting of diode in parallel with the switch then
the switch can be in bidirectional and it says that
the switch in full wave mode that is during positive
half and negative half cycle. The switch is in on
position and current will rise from zero value. This
will happen only due to presence of resonant
inductance and capacitance and whenever the
current will becomes zero then the switch
automatically is in off state. This process is known
as the zero current switching and this circuit is
shown fig2.1.

Fig 2.1: Zero-current (ZC) resonant switch.

2.2 ZV resonant switch

The resonant capacitor is connected across to the
switch is says that to achieve zero voltage
switching. Here the switch can be operated as a
unidirectional mode then the voltage across the
resonant capacitance becomes oscillated in both
during positive and negative half cycles. The diode
can be connected across to that of switch and is in
bidirectional then diode is disconnected the switch
can be in unidirectional. The Switch voltage is zero
during resonant turn on condition; this is known as
zero voltage switching and this circuit is shown
fig2.2.

Lt

Fig 2.2: Zero-voltage (ZV) resonant switch.

The switching losses during the turn on and off
conditions can be reduced to zero in zero current
switching. During resonance condition a large
value of capacitance is connected across the device
then the converter becomes not sensitive to the
junction capacitance. The disadvantage of the zero
current switching is during turn on process
switching losses are increases and this switching
frequency is proportional to the switching losses.
The switching losses and noise can be increase
why because during in on position the dv/dt can be
added with the capacitance. The disadvantages of
this current stress and conduction losses will
increased. So that the zero current switching will
be reduced switching losses and high amount of
current tail will be obtained with ZCS.

I1l. POWER FACTOR CORRECTION

The power factor is a measure of the degree to which a
given load matches that a pure resistance. The total or
apparent power is the sum of active and reactive
power. The system consists of energy storage
elements that are stored some energy, it is called
reactive power and it is waste power and it is called
as the useless power. Which is the power is usage
that power is called as the real power. Suppose the
circuit consisting only the resistive load it supplies
the real power only why because, the resistive load
are not the energy storage element that’s why it
doesn’t stores energy in the form of electric field
and magnetic field. The rms values of output
voltage and current is equal to the the amount of
power delivered to the load then the power factor is
unity. Suppose the circuit consisting the inductor and
capacitance these has energy storage elements, it
stores energy in the form of electric field and
magnetic field then the power factor are getting less
than unity.

The main focus on power factor, nonlinear
loads is actually related to the decrease of the
harmonic substance of the line current. There are
more than a few methods to obtained PFC
depending on whether active switches are used.
PFC methods can be classified as “Passive” or
“Active” power factor correction. In case of
passive power factor correction methods they are
using the passive elements those are resistance,
inductance and capacitance with the diode
rectifiers. It may improve the input current
waveform. This may are not the controllable
devices. In case of active power factor correction
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methods they are using the active elements those
are active switches. This may increase the
waveform of current and it is controllable of the
output voltage. Depends upon the active power
factor methods are again classified into two
categories. Those are low frequency and high
frequency active power factor correction. The
switching frequency is lower than the line
frequency is called as the low frequency power
facto correction and the switching frequency is
higher than the line frequency is called as the high
frequency power factor correction.

IV. SOFT SWITCHING PF CORRECTION
CONVERTER

The single phase diode bridge rectifier with power
factor converter circuit is shown in Fig 4.1 Here, dc
input voltage V;, dc output voltage, Lg is main
inductance, C, is output capacitance, D is the main
diode, R, is output load resistance, S, is the
auxiliary switch and S1 is the main switch. It
consists of body diode Ds;. Cg is the sum of the
parasitic capacitors of the main switch and the
main diode. Here the Cg is snubber capacitor, and
auxiliary diodes are D;, D,, D3, and D4 and Lg; and
Lr, are upper and lower snubber inductances, L,
the transformer leakage inductances of input and
output are L,_ and Lo, are respectively. The values
of air gap and leakage inductance ratings are
considered the large values. In this operation some
assumptions are considered ,those are the reverse
recovery time for all diodes are taken as zero value,
input current I; and output voltage V, are constant
for one cycle and remaining circuit components are
considered the ideal.
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Fig 4.1 Circuit scheme of the proposed
new PFC converter
Here the operation of this converter has the one
switching cycle consists of twelve stages. The
equivalent circuit schemes of the operation stages
of this converter are given in Fig 4.2, respectively.
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Fig 4.2 Equivalent circuit schemes of the operation
mode

1) Stage 1 [ty < t < t;]: Assume the S; and S,
switches are in OFF. The input current I; passes
through the main diode Dg at this mode. When
control signal is applied to the S,, the switch S, is
on. It builds up current through the Lgy,Lg, output
side. The resonance circuit is present in between
the elements those are starts between Lg; , Lg, , and
Cgr and S, current rises, meanwhile main diode
current D is reduced. Snubber inductance Lg,
provides turn ON switching with Zero Current
Switching of S, , D, , and D, . For this interval

Att=1ty i =0A, ix =0A, ipr = lia, iLrs = 0A,
iLRZ = OA, and VCR =0V
iLre= ip1 = (VO/L)(t — 10 ) — (Vo/weLs)

sin(we (t—1)) (4.1

iLRZ = isz = VO/LS(t - to) + (VO/COeLS LRQ)
sin(we (t—1)) (4.2)
Ver =( VO Lra/Ls)(1 — cos(we (t— 1)) (4.3)
iLol = ipa = ire alm/(Lm + az|—ol) (4.4)
LRZ = Lil + LmaZLO/(Lm + a2L0|) (45)
Ls=Lri+ Lgo (4.6)
Le = Lrilro/(Lg1 + Lg2) (4.7)
we =(L/LCr )1/2 (4.8)
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2) Stage 2 [t; < t < t,]: During the sate S; and D¢
are in OFF mode and S, is in ON mode. t<t;, is; =
0,is2 = li, ipr = 0, itr1 = IR, i = li = liot » Ver
is equal to the Vcgr; , and V¢s is equal to the V,.
The time t = t; , a resonance starts between Cs -Lg;
-Lg, -Cg. For this stage,

Lg; dipre/dt= Vcr (4.9)
LRZ diLRzldt: VCS_ VCR (410)
Cr dver/dt=i gy~ iLr1 (411)

C, dveg/dt=I; =i ro—iLol

=I; —i ro(1+ aLm/(Lm +a’Ly))) (4.12)
The S, consists internal parasitic capacitance Cg
discharged, at this time, the Lg, is stored energy
and it is transfer to the L,. The time t=t,, VCS
=0and Ds;=ON with zero voltage switching,
meanwhile D, = OFF.
3) Stage 3 [t, <t <ty]: Att=t,is Ds; = ON state
,the beginning of this mode is; = 0, isy = I r2 , ipF =
0, itr1 = Itriz » itr2 = ILre2 » Ver = Verz » and Vs =
0. The resonant circuit is presented in between Lg;
-Lg, -Cr will be continued. After this stage, Lg, =
Ly + L. During this interval

i1 =( Le/ Lre) Iiraz (1 = cos(we (t —t2)))+(Le/Lr2)
ILri2 (1 = cos(we (t =12 )))+ ILra2 COS(we (t-t2))—
(Vcre oelry) sin(oe (t—t ) (4.13)

iLr2 =( Le/Lra) liraz (1 — cos(ae(t—t5)))+
( Le/Lr2)ILr12(1 — cos(e (t = t2))) + lLra2 COS(0e
(t-t2)) — (Vcre lwelre )sin(oe (t-13)) (4.14)

Ver = Verz €0S(we (t— 1))+ Ze (ILraz— liri2)

sin(we (t—1,))) (4.15)
Z. = (Lo/CR)"? (4.16)
we = (1/L.Cr)¥? (4.17)

Here, Z. is the equivalent impedance of the
resonant circuit.

4) Stage 4 [t, <t < ts]: Attimet =t, the switch S,
= OFF. For this interval, iy = I; , i, = 0, ipr = 0,
IR = lir14 + ILr2 = 0, Ver = Vepa , and Vg = 0. In
this operation the resonant circuit will be formed
with elements are Lg; -Cg-D; . then

iLr1 = ILri4 COS(01 (t—14))

+ Vera /Z; sin(o; (t—14)) (4.18)
Vcr = Vera €0S(0; (t14))

~Z1 gy Sin(0y (t-14)) (4.19)
Z1 = ( Lrd/CR)™ (4.20)
o1 = (1/Lg:Cr)¥2 (4.21)

Here, Z; is the equivalent impedance of the
resonant circuit. At end of stage t = t5 , the Lg;
current is reduced to zero and voltage across Cg is
maximum.

Vermax = (Vacra + (Zilir1s )2)1/2 (4.22)

5) Stage 5 [ts < t < t¢]: At t=t5, the main switch S;
is turned ON , it increases the I; and without
considering the snubber circuit. In this interval
PWM metod is applied and it provides the power
factor correction for this converter in this mode
with time interval is large.
ist=1;. (4.23)

6) Stage 6 [t6 <t< tg]:At t<tg, iSl = Ii B iSZ = 0, iDF =
0, itrs =0, iLre = 0, Ver = Vers = Vermax - and
Vces = 0. At't = tg , whenever the gate signal is
applied to the auxiliary switch S, and it creates the
resonant circuit if formed by the elements are Cg-
I—RZ 'Sz 'Sl .

iLre = Is2 = VermadZ2  SiN( (t—t6)) (4.24)
Ver = Vermax C0S(02 (t — 15 ) (4.25)
Z,= (LRZ/CR)1/2 (4.26)
®; = (1/( LrCr))"? (4.27)

Z, is the equivalent impedance of the resonant
circuit. The control signal is applied to the S;

with Zero Current Transition and also the resonant
provided with the elements are Cg-Lg, -S, -Ds;. The
time t = tg, at end of this interval the voltage drop
across Cr falls to zero and i g, reaches its
maximum levels and this interval ends.

ILr2 max = Ver max/Z2 (4.28)

7) Stage 7 [tg <t <tg]: In this mode, is; = 0, i, =
Itromax s ibF =0, irs =0, itro= llr2max » Ver=0
and Vcs = 0 are valid. Att=tg, Vg is positive
voltage will be developed, diode D, isin ON
position. During this state the elements of Ly, , Lrs
, and Cg is created a resonance circuit.

iR =( Le /Lr1) ILr2max (1 — cos(we (t —tg))) (4.29)

iR = (Lef Lry) Itr2max (1 — cos(we (t —15))) + lr2

max (1 — cos(we (t — tg))) (4.30)
Ver = IR 2max /@eCr Sin(we (t — tg))) (4.31)
Ls=Lri+Li+Ln (4.32)
Le=Lpy (Lit + L)/(Lrs + Lyt + L ) (4.33)
®e = (1/LCr )™ (4.34)
8) Stage 8 [ty < t < ty]: The beginning of this
mode, isy = 0, i = Ii, ipr = 0, itrs = Iirio s ire = i

) VCR = VCRQ: and VCS =0 are valid. Att = ty ,
because of i g, current reduces to input current.

L diire/ dt = Vg (4.35)
Lo diige/ dt = Ves— Ver (4.36)
Cr dVer/ dt = iigy — it (4.37)
Cs dVeg/ dt = li — iig (4.38)

iLro IS reduce, and the duration time t = ty, the i g,
=0, the auxiliary switch is in off mode. Then the
completely switch S, is in blocking mode with the
presence of zero current switch.
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9) Stage 9 [tlo <t< tll]: Mode t = 10, isl =0, isg =
0, iDF =0, i|_R1 is equal to the I r110 , iLRZ =0,V =
Vecrio » and Ves = Vegpp are valid. In this interval
two stopped circuit are considered. For the first
stopped circuit, snubber capacitor is fully charged
with respect to I; by linearly and for the second
stopped circuit is created a closed circuit that is Lg;
-Cr-D; is formed a resonance. For this mode

iLrt = ILr110 COS(@1 (tt10))

+ (Verio /Z4) sin(os (tti) (4.39)
Vcr = Veriio €08(0; (t — tio))

= Zilirugo Sin(oy (t —t)) (4.40)
Ves = (Ii/ Cs ) (t — tyg) (4.41)
can be written. At t = t;; , V, =Vcs +VcgR, then the
D; diode can be turned ON.

10) Stage 10 [tll <t< t12]: Mode t =tyo, i1 =0, s
=0,ipr =0, irs = ltrur » itre = 0, Ver = Verut
and Vcs = V, — Vcryy are valid. The input current is
flows through the elements of Lg; , Cs, and Cg
that isa resonance circuit. Att = ty,, ir1

iR = (ILru1z — 1) cos(os (t — t11)) + (Ver Zs)
sin(ws (t—ty1)) + I (4.42)

Ver = Vo = Vs = Vera €0S(03 (T — t11))
= Z3 (Irar — 1) sin(omg (t —t11)) (4.43)

Cs=Cs+Cg (4.44)
03 =1/ \/(LR1C3) (4.45)
Z3 = \/(LR1/C3) (446)

11) Stage 11 [tlg <t< tlg]: Att =t isl =0, isZ =0,
ipr =0, iry =0, i gy iS equal to zero value, voltage
across snubber capacitance is equal to the VCR12 ,
and VCS = Vo - VCR12 are valid.

Ver = Veri — Gy (t— 1) (4.47)

12) Stage 12 [ty <t < ty]: At t=ty5, here snubber
circuit is doesn’t in switching mode and Dg-ON
and I; input current will be developed. For this
stage

iDF = Ii (448)

Finally, at t = ty4 = ty ,this is the twelve stages of
one switching period or it is also one cycle
completed and then next cycle will be repeated in
the same manner.

V.SIMULATION RESULTS
The evaluation of control strategy can be carried
out by simulating the single phase and three phase
bridge rectifier with power factor converters with
R,RL and RLE loads The power electronic devices
are AC-DC converters are having the poor power
quality this should maintain the low power factor,
voltage distortion and it reduce the efficiency. The
AC-DC converters are operated with high

switching frequency it consists of high switching
losses and low power factor. This drawback can be
overcome by these converters with soft switching
techniques for improving the power quality, power
factor and also the efficiency and reliability with
and PWM.
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Fig 5.1 Circuit diagram with Closed Loop
The evaluation of control scheme can be carried
out in MATLAB plat form by simulating the single
phase soft switching power factor correction for
boost converter simulink diagram and the results
are as follows. Fig 5.2 shows input voltage and
current.
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Fig 5.2 Input voltages and current with feedback
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Fig 5.3: input voltage wave form of with feedback
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The input, output voltage and output current
waveforms of the single phase soft switching
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power factor correction for boost converter are
shown in fig 5.3, fig 5.4, and fig 5.5 respectively.

Fig 5.4: Output voltage wave form with feedback

Fig 5.5: output current wave form with feedback

5.1 Simulation Results for 3- Phase bridge
rectifier:
Fig 5.6 Circuit diagram of 3-phase bridge rectifier
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The above diagram shows that three phase bridge
rectifier with active snubber cell. This snubber cell
consists of inductance and capacitance and those
components can be reducing the voltage and
current stress on the main and auxiliary switches
during switching periods.

Fig5.7 Input voltage versus time
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Fig 5.8 Output voltage versus time

The above fig 5.7 and 5.8 shows that three phase
input voltage waveform and output voltage values
of the boost converter respectively. It says that the
input voltage 440V is given to the converter circuit
and it will produce the output voltage value is
1270v was obtained and also the power factor is
completely improved by the presence of snubber
cell.

Y

Fig 5.9 Output current versus time
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Fig 5.10: Overall efficiency curves
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VI. CONCLUSIONS & FUTURE SCOPE

In this project single phase and three
phase soft switching power factor correction circuit
developed with active snubber cell. This active
snubber cell provides ZVT turn ON and ZVS turn
OFF for the main switch. ZCS turn ON and turn
OFF together are provided for the auxiliary switch.
In this project a new single phase/ three phase soft
switching power factor correction converter,
current stresses, voltage stresses and total harmonic
distortion are reduced. By comparing the both
single phase and three phase converters the output
voltage is 617V and 1257V respectively increased
in case of three phase converters with the use of
coupling inductor in both converters. In this project
new single phase/three phase soft switching power
factor correction converter has been proved and
verified by the simulation results.
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