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Abstract - A high efficiency isolated AC-DC converter
topology is proposed. The proposed converter consists of a full
bridge diode rectifier, an isolated resonant dc-dc converter,
and a controller. By using the novel control algorithm that
control both power factor and output power, the converter
performs AC-DC conversion in a single power processing step.
The converter regulates the input current and output power
by adjusting the PWM of switches. To obtain high power
density, the proposed converter provides soft switching for all
components. The converter provides high power quality,
producing a high power factor and low total harmonic
distortion without requiring a power factor correction circuit.
It employs an active-clamp circuit and a series resonant
circuit. The active clamp circuit increases conversion efficiency
by reducing the switching losses on the switches and by
recycling energy stored in the leakage inductance. Moreover,
this circuit limits voltage stresses across the switches and
avoids damage caused by the surge voltage. A series resonant
of the output voltage doubler circuit removes the reverse
recovery problem of the output diodes. These features enable
the proposed converter to provide high efficiency, high power
density and a high power factor.

Key Words: power factor correction (PFC), total
harmonic distortion (THD), zero current switching (ZCS)
and zero voltage switching (ZVS).

1. INTRODUCTION

With an increase in the use of ac-dc converters in
various industrial fields, demand for the development of an
AC-DC converter with high efficiency and high power
density has increased.

Traditionally, AC-DC converters with a two-stage
circuit configuration have been widely used [1]-[3]; they
consist of an AC-DC converter with power factor correction
(PFC) [4], [5] followed by an isolated DC-DC converter [6]-
[9] and provide nearly unity power factor and reliable
output regulation. The single-stage converter which is
simple and cost effective is developed based on various
converter topologies like fly-back, forward converter, and a
full bridge converter. But it contains a complex circuit
structure and causes additional power loss.

This paper presents an AC-DC converter with high
efficiency and high power density. The proposed converter
consists of a full-bridge diode rectifier, an isolated resonant
dc-dc converter, and only one controller. Series resonance is
used to increase efficiency and soft switching technique is
used to obtain high power density. Therefore, the converter

provides high power quality, producing a high power factor
and low total harmonic distortion (THD) without requiring a
PFC circuit.

2.  PROPOSED
CONVERTER

SOFT SWITCHING AC-DC

The proposed circuit represents the circuit diagram of AC-DC
converter using Fuzzy Logic Controller.
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Fig -1: Circuit configuration and control block diagram of
the proposed converter

It consists of a full-bridge diode rectifier, an isolated
resonant DC-DC converter, and a controller. As shown in Fig-
1, the proposed converter controls both the input current
and the output voltage with only one controller; this is
different from conventional single-stage AC-DC converters,
which perform only output regulation.

The dc-dc converter is derived from a current-fed push-pull
converter. It employs an active-clamp circuit and a series
resonant circuit. The active-clamp circuit is composed of the
auxiliary switches S14, S2¢ and the clamping capacitor Cc. The
active-clamp circuit increases conversion efficiency by
reducing the switching losses on the switches and by
recycling energy stored in the leakage inductance L.

Moreover, this circuit limits voltage stresses across the
switches and avoids damage caused by surge voltage. The
series resonant circuit consists of the leakage inductance L
and a voltage doubler rectifier circuit. This resonant circuit
alleviates the reverse recovery problem on the rectifier
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diodes D; and Dz by providing zero-current switching (ZCS)
turn-off for the diodes.

2.1 OPERATION PRINCIPLE

The proposed converter regulates the input current and
output power by adjusting the pulse width modulation
signals of the switches. The circuit operates in six modes of
operation.

Mode 1a [to, t1]:

y!
L
|

Fig -2: Modela

At ty, the switch S; is turned on. At that time, ip; flows
through the body diode of S3, so that S; is turned on in the
zero-voltage state.

In this mode, the power is transferred to the output across
the transformer. The secondary current is flows through D;.

The angular resonant frequency w, and the characteristic
impedance Z.of the resonant circuit is given by

, =
Wy = By = (1)

o Lk Cr 4 O

At the end of this mode, the resonance is complete and
secondary current is becomes zero.

Mode 2a [ty, t2]:

L)

Fig -3: Mode 2a

At t1, the diode current iq; becomes zero and diode D, is
turned off with zero current switching (ZCS); this means that
D; does notincur reverse recovery loss. In this mode, in, still
increases linearly and is equal to ip1 because no current flows
on the secondary side.

Mode 3a [t, t3]:

il
i)

Fig -4: Mode 3a

In this mode, the switches Si, and Sza conduct. During this
interval, voltages vp1 and vy are zero and current i, is held
constant.

Mode 3b:

Vr\cde 10

w
N

Fig -5: Mode 3b

The gate signals of the switches S; and S are overlapped
during this mode when D=0.5. During this interval, voltages
vp: and v,z are zero and current iy, is held constant, as in
Mode 3a for D < 0.5.

From the volt-second balance for L, the clamp capacitor V.
can be derived as,

=1 (2)

The relationship between the input voltage and the output
voltage is represented as,
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v D (3)
2.3 CONTROL ALGORITHM FOR SINGLE-POWER-
CONVERSION METHOD

The proposed converter does not include an additional
circuit for PFC. Thus, a control algorithm for both input
current and output voltage regulation with only one power-
conversion process needs to be incorporated.

PFC rule
. volaze e I | E\ i ' clurremnt ALl D
Vorer =2 | controller 11 + controller [ 1
- . J = +
v, f I D,=1-2% N

Vi

Fig -6: Control block diagram for single power conversion

The input current reference ij rer is derived using the input
voltage V; as

Fe Ir'_ o
Vipap = :r;'\EJ (4)
where In" is the amplitude of the input current reference.

According to the power difference between the input power
and output power, the output voltage is decided. If the input
power is excessed than the power required from the load,
the output voltage increases. On the other hand, the output
voltage decreases if the input power is lower than the power
required from the load. In the proposed control system, the
voltage controller is easily implemented with an adaptive
Fuzzy Logic Controller. To obtain a high power factor, it is
necessary to match the phase of the grid current ig with that
of the input voltage v,. Because the input voltage V; includes
information about the phase of vg, synchronization with v,
can be achieved using V;.

The current controller is simply implanted with the Fuzzy
Logic Controller because its output value AD has a linear
first-order relation with A; The duty ratio D is obtained by
adding the nominal duty D, and the feedback control duty
AD.

The nominal duty D, and the feedback control duty AD are
defined as

AD=2l—=— (5

2.4 DESIGN GUIDELINE FOR SOFT-SWITCHING
TECHNIQUE

The soft-switching technique allows the proposed converter
to obtain high efficiency and high power density. The zero-
voltage switching (ZVS) turn-on for Si, and Sz, is naturally
obtained from the stored energy in L, and Lix.

However, to achieve the soft-switching of the main switches
S1and Sy, a specific converter design is required. To achieve
the ZVS turn-on of S; and S, the switch currents is; and is2
should be in the negative direction before each gate signal is
transferred to the corresponding switch.

Because the average secondary current is v is zero, the
average magnetizing current im_avg is the same as the average
current ip1_avg Of ip1.

Furthermore, because the proposed converter has
symmetrical circuit design and operation, the relationship
between in_avg and i; can be represented as

v = 3 (6)
Assuming that there is no power loss, the instantaneous
input power is equal to the instantaneous output power p, as

—_— -_—
B =l = Vel
' L u

=M (7)

where i, is the output current.

Then, the average current im_avg in (3) can be re-expressed
from (6) and (7) as follows:

g = (8)

Atto, the currentis; flowing through the main switch S; is the
magnetizing current im. From (3), (7), (8), is1 at to can be
derived as

A
beileg) = Bmgp, T T
=M 2% for D<0.5
1-D  4nly
nip W A-DT:
o . forDz05 (9)

To satisfy the ZVS condition of S in (9), the switch currentis;
should be negative at to. Then, L, can be designed to meetall
operating points within the grid period as

L, < Vi D [L =D (10)

i Po.peak

where Duin is the minimum duty, fs is the switching
frequency, and po peax is the peak instantaneous output power
at a certain average power level. Due to the symmetrical
operation, the ZVS condition for S; is equal to that of S; as
(10).

To achieve the ZCS turn-off of D; and D, the half resonant
period should meet the following conditions as

— = DT, for D<0.5

Lty
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o< (1= D)T, forD=05 (11)

Equation (11) indicates that D; and D are turned off with
the zero current at all operating points for D<0.5 if the
resonant frequency is greater than the switching frequency.

On the other hand, the ZCS region for D>0.5 is determined
according to the design of the equivalent resonant capacitor
Cras

1
wielin

C, = (12)

where the critical angular resonant frequency w is defined
as mfs/Dcri, where the critical duty D is the maximum duty
in the ZCS region.

Table -1: Parameters

Parameters Symbols Values
Input Voltage Vin 240Vrms
Grid Frequency fg 50Hz
Output Voltage Vout 4500V
Switching frequency fs 70kHz
Primary Winding Turns Np 24turns
Secondary Winding Turns Ns 20turns
Magnetizing Inductance Lin 88uH
Leakage Inductance Lik 0.5puH
Input Inductor L 0.8mH
Input Capacitor Ci 1pF
Clamp Capacitor Cc 4.4uF
Resonant Capacitors Cr1, Cr2 2pF (each)
Output Capacitor Co 10pF
Table -2: FUZZY RULES
Input NB NS ZE PS PB
NB NB NB NB NS ZE
NS NB NB NS ZE PS
ZE NB NS ZE PS PB
PS NS ZE PB PB PB
PB ZE PS PB PB PB

3. RESULTS AND DISCUSSIONS

A 5kW prototype is built and tested to evaluate the
feasibility of the proposed converter. The supply voltage
ranges from 120V to 240V. To satisfy the ZVS condition, the
magnetizing inductance value is set to be 0.8mH. By
considering the ZCS condition, the resonant capacitors Cr
and C;3 value is set to be 2uF each.

Fig.7 shows the experimental waveforms of input voltage,
input current, voltage and current across switches S and Si..
It is seen that i; is a nearly perfectly sinusoidal and in phase
with vi. In this case, the power factor is measured to be
0.999.

Fig.8 shows the gate pulse of switches in which S; and Sza
conduct in one period while the switches Sz and S1a conduct
in another period.

Fig.9 shows the output voltage and output current obtained
from the variation of load. The voltage obtained is twice the
input voltage. Thus, the converter provides high voltage at
the output.

Fig. 10 shows the measured power factor as a function of the
input voltage level. The power factor is greater than 0.99
over the entire voltage range from 120V to 240V, which
indicates that the proposed converter can achieve a high
power factor without requiring an additional PFC circuit.

Fig. 11 shows an efficiency of the proposed converter. It is
seen that it has higher efficiency than the other converter
topologies over the entire range of load conditions. In the
proposed converter, the maximum efficiency is measured to
be 98%.

Fig -7: Waveforms of input voltage, input current, voltage
and current across the switches S1 and S1a
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Fig -9: Output voltage and output current
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Fig -11: Efficiency
4. CONCLUSION

A high efficiency AC-DC converter is introduced and
analyzed. The proposed converter consists of series
resonance and soft switching technique. These techniques
improve the efficiency and power density in the proposed
converter. To obtain the experimental results a 5kW
prototype is built and tested. This indicates that it provides
high efficiency of 98% by using series resonance of the
circuit. The power factor is maintained above 0.99 for the
entire voltage range of 120V-240V. This indicates that the
proposed converter can provide high power factor without
requiring an additional PFC circuit.
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