Alinteri J. of Agr. Sci. (2022) 37(1): 33-47 @ http://dergipark.gov.tr/alinterizbd

e-ISSN: 2587-2249 Q-

info@alinteridergisi.com 4
(>

http://www.alinteridergisi.com/
DOI:10.47059/alinteri/V3711/AJAS22007

Review on A Hybrid Resonant pulse-width modulation bridgeless AC-DC power

factor correction converter

'K.Sumalatha, ‘Rumana Abideen

' Assistant Professor, Department of Electrical & Electronics Engineering, Kakatiya University Campus,Warangal,
India

*Academic Consultant,Department of Electrical & Electronics Engineering, Kakatiya University India

suma.kucet@gmail.com, rumanaphd786@gmail.com

Abstract:

A bridgeless boost resonant converter with a hybrid pulse width modulation technique is mainly used for
the application in power supplies and battery chargers. Especially in Continuous Conduction Mode
(CCM) It has two active switches: a pulse width modulation switch and a hybrid modulation switch, with
both switches' gates connected. There is no need for an extra circuit to gauge the AC input-line cycle
activity since a pulse width modulation switch and a hybrid modulation switch are coupled together. The
Inrush current can be limited by incorporating the PWM switches (especially while operating at a
maximum duty cycle) by gradually increasing the voltage. Generally, the Totem pole power factor
correction (PFC) is a popular topology as it uses different circuits for the correction of the power factor
but HRPWM is chosen over the Totempole PFC because of the pulse width modulation operation will
eventually reduce the reverse recovery losses of the diodes. The resonant tank components are extremely
tiny. Can quickly turn off the di/dt of the output diodes during resonance operation to reduce reverse
recovery losses and the electromagnetic interface. The proposed design is utilized to make lightning and
surge protection systems simple to implement, and we can also employ zero voltage switching to reduce

switching losses and increase efficiency.
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1. Introduction:

In power supply and battery chargers, a bridge-less ac-dc PFC boost converter using hybrid resonant
pulse width modulation (HRPWM) is used. For industrial and electric vehicle battery charging, an ac-dc
PFC converter is essential. For applications requiring more than 400 watts, cascaded PFC switching ac-
dc and isolated dc-dc converters are usually used. A bridge rectifier, which is extensively used, is included
in a single step boost converter. A single staged boost converter is operated in continuous conduction
mode (CCM). Using CCM, we can increase efficiency by reducing losses. The presence of a diode bridge
rectifier, which produces substantial conduction losses and heat management concerns, is the drawback
of the single staged converter.
A dual boost converter uses no bridge. As a result, the conduction losses seen in boost PFC converters
are absent in dual boost and bridgeless converters. However, it needs the use of three current sensors,
making the circuit more complicated. A totem pole converter is used for PFC a bridge-less converter
requires the same number of semiconductor components. The load current is carried by a MOSFET diode,
which causes reverse recovery losses. Using it in continuous conduction mode (CCM) is inconvenient .
The disadvantage of these converters is the high number of semiconductor devices and the usage of
additional positive elements in this circuit
A vast inrush current occurs in boost-derived PFC. It also lacks lightning. It doesn’t protect from surges
as its input voltage is directly connected to bus capacitors. The inrush current is due to input voltage greater
than instantaneous DC bus voltage. Additional circuitry and complexity are needed for boost converters.
As aresult, in terms of practical applications High inrush current and surge limiting are needed for boost
generated PFCs. For high efficiency (>400w), the inrush current and surge limiting can be achieved by
placing a current-controlled device(example: a resistor) in series with PFC. Surge limiting circuits, on the

other hand, add complexity and cost.
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Fig: proposed system configuration of a BLDC motor drive fed by a HRPWM converter



K.Sumalatha. (2022). Alinteri Journal of Agriculture Sciences 37(1): 33-47

Ver b )
ll. Ipy /
SR | B 4 4
r |y e o
2 -y
DJ SJN— Vg2 DI
‘lll llll i I\" + Cu R()

yyy

. <
Isny S(IJ Vs —
+ '

+ .
v .— .
¥ D3 SIJ N—} Vsy bis Ip2 4
e ) :

Fig: Proposed ZVS HRPWM ac-dc PFC technology

To protect the charger from overvoltage transients in boost generated PFC, a metal-oxide- varistor

(MOV) is used. The current handling capability of MOV is very high. It limits current by shorting AC
lines. It limits up to thousands of amperes of current under 700v. Series capacitors in the load current path
limit the Cuk, SEPIC's inrush current. Cuk and SEPIC use very large inductors, which limit power density.

But, they contain a high number of passive components, increasing the circuit's cost and complexity.

The DC-DC converter has galvanic isolation and can decrease initial inrush current. To convert AC to

DC, An additional bridge rectifier is required for the DC-DC converter, which increases conduction
losses. The disadvantages which are boost derived, DC-DC and totem pole, etc can be fulfilled by using
HRPWM. There is no requirement for a diode bridge rectifier. It also has a higher capacity for limiting

inrush current. It can handle up to 650 watts of charging power.
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Fig: proposed AC DC converter topology

2. Proposed scheme operating principle :

The HRPWM is a bridgeless converter with only one inductor at the input. There is no need to sense the
AC-line functioning because switches S1 and S2 are powered by the same PWM signal. HRPWM has a

voltage conversion ratio that is similar to a boost converter. The converter starts out with stepdown
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characteristics and short duty cycles, which minimizes the inrush current even more. The input voltage is

clamped by diodes D3 and D4.

Figure 2: HRPWM ac-dc converter topology

When the switches are turned on, the system operates in hybrid resonant mode. When the switches are
turned off, the device operates in pulse width modulation mode. Both modes are activated in a single
switching cycle. So we have further three modes in Hybrid resonant modes that explain resonance, above
resonance, and below resonance operations.

2.1 At resonance operation:
This operation takes place when the resonant frequency is equal to the switching frequency.

T:= Resonant time period for L; - C; Resonant tank

Tr=2TonN
Tr= 21’[\/LrCr
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Figure 3:

The diode D2 shuts off during resonance operation, lowering the turn-off current at switch S1. This

decreases the switching losses at S1 even more. The duty cycle D of the AC-DC converter varies.
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2.2 Above resonance operation:
The resonant time period is longer than the switching period in this resonance operation. The condition is

as follows:

Tr> 2Ton

Figure 4:
The switch S1 will be switched off even if there is current in the Lr-Cr resonant branch tank. Losses and

electromagnetic interference will arise from the switch S1 being switched off. This mode has the
advantage of not requiring variable frequency operation, which is required in resonant frequency
operation. The control is implemented using a standard average current mode control integrated circuit

dIC).

2.3 Below resonance operation:

The switching period is longer than the resonant period in this operation. The condition is as follows:

Tr< 2TOI1

When the converter is operating at below resonance it doesn’t require varied frequency operation. High
input voltage is one main flaw, and peak current is correspondingly high at extremely very low duty
cycles .

* In order to have an integrated circuit, it must operate at a set switching frequency.
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3. Operating Modes of the Proposed scheme:

The waveforms of the converter are given below. For the sake of simplicity, consider the functioning of

a positive‘AC half-line cycle.
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Mode-I (Interval to-t;) :

When the S1 and S2 switches are switched on, this mode is activated. The energy of the input current ,
in , is stored in the input inductor ,Lin .When the resonant current Ir; reaches zero, the interval comes to
end .The equations (1),(2),and (3) give the input current in, the resonant current I, and the voltage

across the resonant capacitor Ve,
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HRPWM bridgeless topology conduction path during Interval-1

Tin(t)=Vin/Lin(t-to) + iin(t0) ()
[L(t)=-1c(t)=V cr(max)/Z (sin(wr(t-10))) )
vCr(t)=VCr(max)[ cOS(Wr(t-t0))-1]+ver(to) 3)

where, z=(L./C;)""? and w=1/(L.C,)"?

Mode-II (Interval t;-t2):

When D2 ceases conducting and there is no current in the resonant branch, then this mode begins. Lin
continues to store energy because the boost converter's operation is to store energy.

When S1 and S2 are switched off, the interval terminates.
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HRPWM bridgeless topology conduction path during Interval-2

Mode-III (Interval t2-t3):

The energy held in the input inductor, Lin, is transmitted to the load in this mode. When S1 and S2 are

turned on at t3/t0 this interval ends, and interval-1 begins, and the process repeats.

The input current, in, is calculated using the equation below.

Lin(t) = (Vin-VCr(min) — Vo/Lin) (t-t2) + iin (t2)
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Operation During Startup and Inrush Considerations:

When the PWM switches are not activated, the input current of the converter flows through the resonant
capacitor, Cr, and the bus capacitor, CO, unlike a traditional boost converter. The equivalent circuit for

CO0>>Cr following the initial application of power is shown below.
in in

@*__._ —_— H
4 Cr DI

R,,§
;' D; 1

Equivalent circuit during startup neglecting the low impedance of
Co

The worst inrush current can be calculated by assuming the following conditions: high line input voltage
to the PFC converter at a phase angle equivalent to the highest peak; Cr<<CQ0 ideal Lin and Cr; no starting

currents in Lin voltages on Cr and CO; and no source impedance or converter resistance.

Linrush(t) = (2)12Vin(max)(Cr/Lin)1/281n(Wt)
Where w=(1/LinC;)""?

4.Key Equations:
4.1.DC Voltage Conversion Ratio

At normal operating conditions the DC voltage conversion ratio of the HRPWM is similar to that of a
Boost. So we can use a standard DC converter control.

Vo/Vin= 1/1-D

4.2. Voltage stress:

The output voltage, Vo is the voltage stress of the resonant components and diodes. The voltage stress on

switches S1, S2 and on MOSFETs is given as
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Vs1_s2(max) = Vo+ Ver(max)

diodes D1 and D2, at steady-state conditions
Average Current = Average load current

The average load current is calgulated using the formula:

1 r .
75 Jo I Ver (max) \/g sin(w,t)dt]

Ip2(avg)=[

Vermax) 1S given by:
Vcr (max) _lo/ 2CrFr
4.3. Resonant frequency:

The resonant frequency of the resonant tank , Lr — Cr:
fr> fsVo

2(Vo —Vin(nom))

The resonant capacitance ,

Cr= IO

2(max)
The resonant inductance ,

L.= 1
4n* £2 C,

The inrush current s,

Linrush (peak) = \/2 Vin(max) ‘\/ Cr Lin

The energy associated with peak inrush current,

Binrush (peak)TT = (N2 Vingnax\| Cr /Lin) ? 7 VLinCr
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5. Simulation

5.1 Circuit:
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5.2 Output of logic circuit:




K.Sumalatha. (2022). Alinteri Journal of Agriculture Sciences 37(1): 33-47

5.3 Simulation result:
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Conclusion:

This modern HRPWM AC-DC power factor correction converter is mostly used in frontend applications.
The standard average current control IC may easily construct the HRPWM converter. Because the switches
may be operated with the same PWM signal, there is no requirement for an additional circuit to sense the
positive or negative half cycle action.

This converter includes an inrush current limiting feature built in, which improves the converter's reliability
the large number of applications

Furthermore, the bridgeless operation alleviates heat management issues.
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