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ABSTRACT

This paper presents a bridgeless dual mode resonant single phase ac-dc converter. We expel a full-bridge diode
rectifier from the grid side of the proposed converter by using a bidirectional switch and in this way it decreases
the number of components used in the topology. We utilized a series resonant circuit in the output voltage
doubler on the secondary side. The series resonant circuit give zero-current switching (zcs) turn-off at the output
diode, and consequently it reduces the reverse recovery loss.To attain medium-high power capability with an
appropriate transformer, the proposed converter operates in both continuous conduction mode and discontinuous
conduction mode. In following, the operating principle of the proposed converter are explained, the proposed
converter achieves efficiency of 96.2%. Simulation results of proposed converter and and converter with Pl
controller are performed using MATLAB/Simulink. The simulation results and theoretical results of proposed

converter are compared.
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I. INTRODUCTION

AC-DC converters with Power factor
correction (PFC) are utilized in grid connected
power supply systems such as dc-bus suppliers in
mobile charging stations/buildings and electric
vehicle chargers. These ac-dc converters with PFC
must meet the standards and harmonic regulation
requirements such as IEC 61000-3-2 and IEEE
519; and at the same time must achieve high power
density at low cost of the system. In addition it
must achieve high conversion efficiency with low
input-current harmonics, good voltage regulation,
and high PFC capability[1].

The Power Factor correction (PFC) is the
major concern because if the number of electronic
devices using smps increases, power from the grid
varies the power factor of the supply which causes
disturbance to the grid,Power-factor correction
(PFC) is used to avoid the current harmonics of the
input and thereby minimizing interference with
other devices being powered from the same input
source.Hence for each and every application a
power factor corrector is required.

Power factor is defined as the ratio of
power input to the product of r.m.svalue voltage
and current of the input.

Power Factor=

rms I rms

Development of efficient ac-dc converters
with PFC has been the subject of considerable
research. Single-stage ac-dc converters with PFC
are considered attractive because they have high
conversion efficiency, low cost, and less nhumber of
components [2-6]. However, they suffer less power
factor (PF) and high voltage stress and they require
a large dc link electrolytic capacitor and an
inductor, which increases the size and cost of the
converter. As another solution, single power
conversion ac-dc converters with PFC have been
introduced [7-9]; they do not require a large
inductor or large dc-link electrolytic capacitor.
They can achieve high PF under grid voltage
variations. However, these single power-
conversion ac-dc converters with PFC use bridge
diodes on the input side of the rectifier, which
causes high conduction losses and overheating of
the components.

To overcome the problems of
conventional converters Bridgeless converters have
been introduced [10-17]. Firstly, bridgeless PFC
boost rectifiers were proposed [10, 11]. Compared
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to the conventional PFC boost rectifiers, these
bridgeless PFC boost rectifiers increase the
efficiency of the converter by eliminating the
diodes and their  forward-voltage  drop.
Furthermore, PFC boost rectifier output voltage is
always greater than the peak of grid voltage, and
therefore it cannot be used for low-voltage
applications. To produce adjustable output voltages
Bridgeless single-stage ac/dc converters have been
proposed [12-16]. They help to reduce the number
of components, but these bridgeless single-stage
ac-dc converters are still large. Bridgeless flyback
rectifier is presented to minimize the number of
components [17]. It does not utilize bridge diodes,
hence it does not suffer from diode conduction loss.
However, Bridgeless flyback rectifier requires
auxillary circuits for proper operation. Also, the
fly-back structure is usually restricted to low-power
applications since it requires larger magnetic
components  for  high-power  applications.
Moreover, in the flyback structure the usageof the
transformer is poor and large transformer core is
required to maintain the required power level.

This paper presents a high-efficiency
bridgeless dual-mode single phase resonant ac-dc
converter with pi controller. It is simple in structure
and low in conduction loss since it uses a
bidirectional switch instead of full bridge diodes. A
series resonant circuit in the output voltage doubler
on the secondary side. The series resonant circuit
give zero-current switching (zcs) turn-off at the
output diode, and consequently it reduces the
reverse recovery loss.

To achieve medium-high power capacity
with appropriate transformer, it operates in
continuous conduction mode (CCM) when the
instantaneous power level is high and is
discontinuous conduction mode (DCM) when the
instantaneous power level is low. The operating
principle of the proposed converter are presented
and simulation results are obtained.

Il. OPERATING PRINCIPLE

Fig. 1 shows the circuit diagram of the
proposed bridgeless dual mode resonant single
phase ac-dc converter. The bidirectional switch is
used totransfer the energy to the secondary side
without rectifying the input ac grid voltage. During
the positive half cycle of the input voltage, themain
switch S1 is turned on according to the duty-cycle.
During the negative half-cycle of input voltage,
switch S2 is turned on and acts as the main switch.
S1 and S2 operates complementary to each another.
When the bidirectional switch is turned on, the
primary side energy is transferred to the secondary
side through the series-resonant circuit. When the
bidirectional switch is turned off, the energy which
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is stored in mutual inductor (Lm) is transferred to
the secondary side. This enables the proposed
bridgeless dual-mode single phase resonant ac-dc
converter to process high power and high
efficiency by using a single bidirectional switch.
iseeLllcs D2
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Fig. 1. Circuit diagram of bridgeless dual mode
resonant single phase ac-dc converter.

Where, equivalent model parameters of
the primary side switches; Rsni, Csni, Dsni (i = 1,
2). parameters of bidirectional RCD snubber;T:
transformer with turns ratio n = Ns/Np. Lm:
magnetizing inductance; D1, D2: secondary diodes;
LIk,p: primary leakage inductance; LIk,s:
secondary leakage inductance; Cr: resonant
capacitor; Ro: output load. Co: output capacitor;
vg: grid voltage;

The proposed converter is designed to
operate in CCM when the instantaneous power
level is high, and in DCM when the instantaneous
power level is low. The proposed
converterachieves high efficiency when it operates
in CCM than when it operates in DCM. As the
magnetizing inductance Lm increases, the CCM
region widens, and thereby it increases the
efficiency. However, large Lm requires large
transformer size, so Lm must be selected
appropriately. During CCM steady-state operation,
Ts is divided into four operating modes. The
equivalent circuit of each mode of operation are
shown in Fig. 2.

Several assumptions are made to analyze the
operation of the proposed converter:

1) The output capacitor Co islarge that the
outputvoltageVo is assumed to have no voltage
ripple;

2) The grid voltage vg is constant because the
switching frequency fs is much larger than the grid
frequency fg;

3) The switch S1 is modulated with duty ratio D,
and the switch S2 acts complementary to S1 with
short dead time.

4) The transformer T is ideal with the primary
leakage  inductance  LIk,pthe  magnetizing
inductance Lm, and the secondary leakage
inductance LIk,s;
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2.1 CCM Operation
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Fig. 2. Equivalent circuit of bridgeless resonant
ac-dc converter when operates in CCM.
(a) Mode 1. (b) Mode 2. (c) Mode 3. (d) Mode 4.

Mode 1 [to, t;]: At time t,, SwitchS;is turned on
andthe secondary current i, starts to resonate due
to secondary leakage inductance Ly ;and
resonating capacitance C, and it is directly
transfered to the load through diode D,. We
considered V,, asVy; duringTs, V, is considered to

be constant. Also, we assume L,, > Ly ,. Then,
i, increases linearly as
dipm@) _ Vg
o e @
During this interval, the power input is transferred

to the output stage of the transformer andmagnetic
inductor Lm gets charged.

since, L,, > Ly ,, The secondary side voltage
Vsec of the transformer can be expressed as nvg.

The state equation of the circuit can be written as

d ‘SEC (t) p—
le,s l dt = nvg- V0+vcr (t)a (2)

. dver ()

Lsec (t): 'Cr % (3)
withisec(to) = 0, where vcr is the voltage across
resonant capacitor Cr. Solving (2) and (3) yields

fgoc O= D Sinf, (£~ o)) (4)
where thecharacteristic impedance Zr and the

resonant angular frequency wr are given by

Zr= LIk,s w. = 1
e ' Licse,

At the same time, the power input charges magnetic
inductor Lm and iLm is increased linearly as

i (D (6) + 7 (1) (5)
whereiLm(to) is the initial value of iLm(t).
Mode 2 [t;, t,]: At time t1, the resonance between
resonant capacitor Cr and secondary leakage
inducatanceLIk,s terminates and isec becomes zero.
The diode D2 is turned off withzero current
switching (zcs) andtherefore the reverse-recovery
loss does not occur. The power input charges the
magnetic inductor Lm and iLmincreases linearly as

i (07 () + 12 (1) ®)

sec (=0 (7)

Mode 3 [t,, t3]:At time t2, Switch S1 is turned off
and magnetic inductor current iLm is transferred to
the secondary side of the transformer. A high
voltage spike occurs at the switch.

Here, theRCD snubber circuit absorbs the
primary leakage inductorcurrent ilk, pby turning on
the snubber diode whenever vds exceeds vg +
ver/n.

Mode 4 [ts, t4]: At t2secondary current isec already
begins to resonate due to mutual inductor Lm and
resonant capacitor Cr. iLm(t2) is reflected on the
initial value of the secondary side

Then, the state equation of isec can be written as

. Ver
fsec ()= DTy 422 (¢ — 1) ®

DOI: 10.9790/9622-1008032028

www.ijera.com



Monica S, et. al. International Journal of Engineering Research and Applications

www.ijera.com

ISSN: 2248-9622, Vol. 10, Issue 8, (Series-111) August 2020, pp. 17-19

2.2 DCM operation
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Fig. 2.1. Equivalent circuit of bridgeless
resonant ac-dc converter when operates in
DCM.
(a) Mode 1. (b) Mode 2. (c) Mode 3. (d) Mode 4.

Mode 1 [tO, t1]: At time tO, S1 is turned on and
isec begins to flow through output diode D2. vg is
approximately constant during Ts, isec becomes

nVg—Vo—Vy (to)) .
fsee () =————"—=sin[w, (t — to)] 9)
At the same tlme the input power charges
magnetic inductor Lm and iLm increases linearly
as

i (8) =12 (t-t0) (10)

Mode 2 [t1, t2]: At time t1, the resonance between
Cr and LIk, terminates and isec becomes zero.
Diode D2 is turned off with zero current and
therefore reverse-recovery loss doesnot occur. The
input power charges the magnetic inductor Lm and
iLmincreases linearly as

ipm (O =iLm (t1) +
isec (D=0 (12)
Mode 3 [t2, t3]: At time t2, Switch S1 is turned off
and iLm is transferred to the secondary side.
Similar to CCM operation, the RCD snubber circuit
absorbs the primary leakage current.
Mode 4 [t3, t4]: Similar to isec in CCM, isec in
DCM can be obtained as

fsee (=7 DT 42— (£ ~ 1) (13)

Mode 5 [t4, t5] At t|me t4, secondary current isec
becomes zero. Diode D1 is turned off with zero
current, and therefore reverse recovery loss does
not occur. t4 can be calculated from (13) as

= (t tl)_ (tto) (1)

nv, DT

th = 2 + (14)
cr

Sincethesecondarycurrentisecbhecomeszero,thediod
e D1 turned off. The residual energy in the circuit
causes the resonance between CS1, magnetizing
inductor Lm, and primary leakage inductance
LIk,p, which generates the sinusoidal oscillation of
vds in the interval t3 and t4. This oscillation is
reflected to vDL1.

I1l. DESIGN OF PARAMETERS
3.1 Determining magnetizing inductance:

The proposed converter operates in CCM
when vg = vg,crit, and in DCM when vg<
vg, crit. The boundary between DCM and CCM is
determined by magnetizing inductance Lm.
Increase in Lm widens the CCM region, and
increases the efficiency, but it increases the size of
the converter. Thus, magnetizinginductance Lm
must be chosen correctly.

3.2 Determining resonant capacitance:

To guarantee zero current switching(zcs)
turn-off at diode D2, minimum turn-ontime of the
switch must be greater than the half of the resonant

period or
T[v le,sCr < Dmin Ts(15)
The minimum duty ratio is given as

V2nVgrms
Dmin = 1'%1 (16)
From which
Tsz ‘/—anrms
¢ < 2Ly s (1 B >(17)

3.3 Selecting transformer turns ratio:
Theturns ratio n of the transformer can be
selected from the voltage gain of the converter.
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- \/’Vgrms (18)
3.4 Determining output capacitance:
To satisfy the output voltage ripple, we select
the output capacitor as

o= angVOAVO( 9)
where AVo-output voltage ripple.

IV. SIMULATION RESULTS:

The proposed bridgeless dual mode
resonant single phase ac-dc converter, simulation
was performed using MATLAB/SIMULINK with
grid voltageVg=120—220 V. To satisfy Zero
current switching (ZCS) turn-off at output diode
D2 over the entire grid period, resonant capacitance
(Cr) is set to 4.4 pF. considering the cost of the
converter, magnetizing inductance (Lm) was set to
300 pH.

The simulation of proposed converter is as
shown in fig. 3.1. The selected specific components
(Table I) were the same as in the simulation.

Table |
PARAMETERS AND VALUES OF
COMPONENTS.
Parameters Symbols Value
Grid voltage Vg 120220 V
Output Vo 330V
voltage
Switching fs 50 kHz
frequency
Primary Cin 6.6 uF
capacitor
Primary Lin 940 pH
inductor
Magnetizing Lm 300 pH
inductance
Primary LIk,p 1.39 pH
leakage
inductance
Secondary LIk,s 0.86 uH
leakage
inductance
Snubber Rsnl, Rsn2 200 kQ
resistance
Snubber Csnl, Csn2 22 nF
capacitance
Output Co 1320 pF
capacitance
Resonant Cr 4.4 uF
capacitance

During CCM, ZCS turn-off is guaranteed
at output Diode D2.The input current was almost
sinusoidal. Input current i, was synchronized with
grid voltage vg.
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Fig. 4.1. Simulation of proposed converter.

Fig. 4.2. Input voltage waveformVin=220V.

Fig. 4.3. Gate pulses to switch S1 and S2.

Fig. 4.4. Output Voltage.

Fig. 4.5.0utput current.
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The output voltage equation is given by:
V, = V;n(D + 1)(20)
V, =220%1%(0.5+1)
V, = 330 V(Theoritical value)

By simulation

v, =318.2V
The output voltage obtained in open loop
simulation is Vo = 330 V. This discrepancy is
because of the semiconductor devices (diode and
swith) voltage drop when they are made on.
Output power is given by:

Po=Vox*lo

Po =318.2*%2.448

Po=7789W
Power obtained in open loop simulation is 778.9W
which is less than required value hence we go for
closed loop circuit with P1 controller.

4.1.1Simulation of proposed converter with
pi controller.
4.1.1.1 Block diagram of converter with pi
controller

The output of the proposed high-
efficiency bridgeless dual-mode single phase
resonant ac-dc converter is not constant because of
the difference in the environmental condition
therefore it requires control techniques. Hence to
obtain the required output voltage to meet the load
demand, closed loop control with proportional
integral (P1) controller is employed. The block
diagram shown in figure 4.1.1 explains the
implementation of proportional integral (pi)
controller for high-efficiency bridgeless dual-mode
single phase resonant ac-dcconverter. The actual
output voltage of the high-efficiency bridgeless
dual-mode single phase resonant ac-dc converter
and the constant reference signal are compared, to
obtain a error signal (e). The error signal (e) is
given to proportional integral (pi) controller. The pi
controller generates the control signal based on
error signal for varying the turn on and turn off
time of the switch of thebridgeless dual-mode
single phase resonant ac-dc converter, to maintain
constant output voltage(\Vo) irrespective of the
variation in load and input voltage. Similarly to
maintain constant output current pi controller is
used.

ACDC
CONVERTER

Fig. 4.1.1. Block diagram of proposed converter
with pi controller for voltage control.

Io
AC-DC
CONVERTER

4 oo

foref .. Bl | Repeating .
Coatroller sequence

Fig. 4.1.2. Block diagram of proposed converter
with pi controller for current control.

Fig. 4.1.3Simulink of proposed converter with pi
controller.

Fig. 4.1.4.0utput voltage with pi controller
when Vi = 220V, Vo = 330V.
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Fig. 4.1.5. Output current with pi controller
when Vi=220V, 10=2.73A.

Fig. 4.1.6.0utput voltage with pi controller
when Vi = 215V, Vo = 330V.

Fig. 4.1.7. Output current with pi controller
when Vi =215V, 10=2.73A.

Fig. 4.1.8.0utput voltage with pi controller
when Vi = 225V, Vo = 330V.

Fig. 4.1.9. Output current with pi controller
when Vi =225V, 10=2.73A.

With pi controller

V, =330V
Po = Vo xlo
P0=330%2.73

Po =900W

Power obtained in closed loop simulation with pi
controller is 900W which is the required power

level.
- P,
Efficiency= p—"
i

Efficiency= 22= 96.2%

Efficiency%o
981

97

961

951

941

93

o To 30 0 40 S0 s0 70 80 oo Ioo
Load%o

Fig. 4.1.10. Efficiency of proposed converter
when Vi=220V.

Remark 1. The proposed converter
operates similar to the forward converter andduring
the half switching period it transfer the energy to
the load in resonant way. Then,during other half
switching period the proposed converter transfers
the magnetizing energy in the transformer to the
series resonant circuit.

Remark 2. The applications of the
converter is common dc-bus supplier in the
buildings/mobile charging stations [23]. It can be
also be used as level-2 battery charger by
connecting the proposed converters in parallel [24].
Furthermore, it can be used in high voltage
applications such as traveling wave tube,medical
X-ray imaging, and lasers [25].
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V. CONCLUSION

This paper presents a high-efficiency
bridgeless dual-mode single phase resonant ac-dc
converter. To reduce the number of components,
the grid-side full-bridge diode rectifier is expelled
and is replaced by a single bidirectional switch; as
a result, the primary side conduction lossand
number of components and size and cost
werereduced. Use of a series-resonant voltage-
doubler structure reduced the cost of the proposed
converter and enables its use in medium-high
power  applications.Moreover the  proposed
converter achieves accurate output voltage
regulation and high efficiency. To confirm the
validity of the proposed converter, open loop and
closed loop simulation was performed.
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