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Abstract : Ammctmuhrgdanqndfmdwmmmth

satisfactorily with nearly unity power factor.
1. Introduction

Recently, there is a need to look for a converter which can do
harmonics  rectification, power factor  comrection,  isolated  do-de
conversion, and tight output voltage regulation to meets the adoption
of standards such as IBCS55-2[1-3). Such a converter needs to meet
the [BCS55-2 requirements withowt adding many components,
especially in a low power level system such as computer power
supplies. Recently, several power conversion topologies have been
suggested for the power factor comection. These convesters include
the single-ended primary inductance converter(SEPIC) and the flyback
converter which performs power factor correction and isolated output
voltage regulation in a single-stage at the expense of increased high
frequency line current distortion {4-7). Furthermore, the output voltage
regulation have a low bandwidth in order to minimize the distortions
in the input curent. Above problems can be overcome with
Integrated High Quality Rectifier/ de Regulator(JHORR) and the Boost
Integrated Flyback Rectifier De~de converter(BIFRED){1-2).
These converter offer a low cost altemative to the more conventional
methods of power factor comection while providing a well regulated
otput voltage and isolated power conversion. Thas, these convesters
are one of the most suitable power supply especially in a low power
level one, However, a drawback to the use of these converters is the
relatively high current and voltage stress suffered by its switching
component and de-link capacitor due to operation of discontinuous
curent mode and load dependent characteristics, respectively.
Futhermore, these configeations show a significant voltage ripple at
twice the line frequency in the outpart voltage.

In this paper, a new converter based on a forward do-de converter is
introduced. Mﬂn@]mlswnvmahasadrwbad:sd\asﬂe}n@
cument and voltage stress, the proposed converter is capable of
drawing high quality current waveforms from the ac power source by
wngan’ag\emcwpledtedmmwlnlepmdmgamgxlmddc
output transient response in a singlestage and
smg,le-sthch Exmnmexml results show the« feasibility of the
magnetic coupled technique for power factor comection in a low
power level power supplies.

IL Operational principles of the proposed converter

Fig. 1 shows the proposad high power factor converter with a
nmmmledmge.mwnpmedwmd'ﬁgim

forward converter. The most obvious difference is the magnetic
cotpledﬁagemlnmsxiesectlmwhmhxsmxximdw
transformer core.  This  magnetic coupled  winding  generates a
switching frequency modulated voltage v, which is the reflected
voltage from the primary side of transformer during tum off time.
This high frequency content of v, is filtered by the inductor, L,
to produce an output, v,, which adds 1o v, The de link capacitor,
Cic» 15 the high capacitance energy stomage capacitor required to

h'opoaadfawdmmd\amfmmvolmge
feedback stage.

store the 12071z ripple energy needed in a single-phase high power
factor converter.

F:ngfuwstl\empoIoglmlstat&salﬂﬁg,3t}Ekcy\wvefm
f(xd\epmpcsedcmvmmwh;d‘ﬂ\emagﬂeucoaqiedstage
operates  discontinuously, For sicady-state operation, assuming the
hwwfmwladmge:r)dmmlsmd\mdmﬁwmfm
magnetizing inductance and v, > v, the operation of the proposed
converter can be divided into four mode.

Mode 1 ( T,— Ty:M,) : As can be seen in Fig 3, the operation
of mode 1, M, is the same as that of ontime in a conventional

forward converter. Thus, the curvents in the primary winding, and the
output inductor £, rise linearly. At T, the cument flowing through

Ly, i can be writien as
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Fig. 2 Equivalent circuits for the proposed converter.
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Fig. 5 ldealized dc link waveforms of power factor comection
operation.

On the other hand, the diode p, and p, in the megnetic coupled
stage are reverse biased because the undotted end of the magpetic
coupled stage is negative with respect to dotted end. Thus, the
current flowing through the inductor L, is zero.

Mode 2 ( T\~ Tu:M,) © Mode 2 begins when the switching
MOSFET ¢ switches off at  7y. The drainto-source voltage of
switch ¢ rises steeply to 2V, at switch fum off time and remains
there throughout the mode 2. Since the voltage across the primary
side of transformer is clamped at Ve by reset winding during this
mode, the primary cument 4, decreases linearly with slope of
~ Vi, Sice 1, and 7, are wound on the same core as shown
in Fig. 1, the undotted end in L, is positive with respect to the
dotied end. This voltage (v,= v, forees to increase the curent 4y,
linearly as shown in Fig 3. This cument has the positive slope of
vir,. To oxplain the mode 2 and 3, the switching waveforms of
various currents with their slopes are depitchex) in Fig. 4, As can be
seen in Fig. 2 and 4, the cument {lowing through the reset diode D,
is

for=i1,= i1 @
At T, the current 7, can be written as

. R Vi

AT =iy m= It Q)

Mode 3 ( T, T5:My) ¢ After the cument {p, is reduced to
zero, the voltage Vv, can not fore 4, increase since the clamp
voltage V, is not reflected to the energy feedback stage. This i,
mmps down to zero during mode 3. This curent has the negative
slope of (v~ Vp)/{L,+ L), Using the cumrent slopes shown in
Fig 4, the duration of mode 3, ¢, can be easily obtained as
follows

L+L v,
== &,f___L A S,
L VooV, e @

Mode 4 (T3~ Ty M,;) © After the mode 3, the discontinuous
current mode is occured.

1t is noted that the outpt current influences only during mode |
and the PFC by wsing mwognetic coupled stage is achieved only
during mode 2 and 3. During mode 2, 3, and 4, the outpit stage is
not influenced by rectified input voltage because the freewheeling
diode D, is forward biased. Hence, the proposed converter has an
of voltage regplation and power factor comrection
mMm‘;ﬁmammﬂDMamﬁ&dﬁWvﬂm@e
ripple at twice the line frequency which appeared in a BIFRED can
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Fig. 6 Input current waveform distortions respect to
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be eliminated in the proposed converter.

Fig 5 shows the idealized de-link waveforms of power factor
correction operation. The magnetic coupled inductor £, penerates the
narrow pulses whose amplitude is V.. The pulse widths are identical
and determined by the equation (3). This voltage Vv, makes the
magnetic coupled stage operate in a discontinuous conduction mode.
The peak values of 1, will follow the high frequency voltage pulses

v, (= v).

ML Analysis of waveform distortion and power
factor

it is noted that the input curvent waveform is not purely sinusoidal.
It comains harmonics distortions due fo DCM operation.  The
harmonic  distortions of input cument can be represented by the
finction of the peak tine voltage V.., delink capacitor voliage
Ve, and tums ratio of magnetic coupled stage 7. In steady state,
the on time PT, is almost constant over an ac line cycle. Using
equation (3) and Fig. 4, the average inductor cument ¢, during
¢, time can be written as

Iije= “% s ter )
While the average inductor cunent 7, during 7, time can be
written as

fu.:/-"z“” sk tar ©
The average current 7,,, can be found by summing of /7, and
I,,.. over a switching period 7, as:

£\ VocVi=lky= DV}

IL/,av: ILfm+IL/,s*=( 2T,L/) VI)C— V,- . (7)
From above equation, the waveform of averape owrenmt ],
depends on the tums ratio of the megnetic coupled power stage, .
A design with low line cument harmonic distortions cn e obtained
by choosing n. Therefore, the average cuments /,,,, as a function
of n are plotted in Fig 6. As can be seen in Fig 6, in case of
=1, the relatively low line current hammonic distortions can be
obtained. This result can be conformed by calculating the power
factor, Using the equation (7), the power factor(PF) can also be
expressed as

Pt

irms * Ii‘ms)

PF= 4% ®

where

x
=%f6 Vi * SN0 1 oot
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Fig. 8 Experimental waveforms of the proposed converter operating at
60V dc input.
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Fig. 9 Experimental dc link waveforms of power factor -comection
operation.
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Hence, the power factor as a function of Vp with variations in the
values of n can also be plotted in Fig, 7. This figure shows the high
power factor better than 0.99 in the neighborhood of n=l regardless
of the de link voltage. Therefore, based on this figure, the tums mtio
n=l is selected. As a results, the nearly optimal tums ratio of
magretic coupled stage can be obtained for high power factor and
low line current harmonics distortions by theoretical analysis.

IV. Experimental results

To determine the feasibility of using the magnetic coupled
technique in PFC application with a single-stage, a breadboard was
constnucted to the specifications listed below:

o input voltage: 100 Vrms

o output voltage: 48 Vdc

o output power: 100W

o switching frequency: 11kHz
The maximum output is about 100W due to power dissipation
limitation in the clamp resistor and transformer. The converter
parameters are listed in Table 1. Fig 8 shows the "experimental
waveforms of the circuit operating at 60V dc input. It
can be scen that all the wavefonms are well with the
theoretical analysis. Fig. 9 shows the de-link waveforms of power

Table 1
Proposed converter parameters list

R, 2kQ C, 4.TuF
L, 1.2mH L, 1.2mH
L, 1.2mH L, 500uH
Cnc 220uF L, 700uH
C, 3uF L, 1mH
C, ATuF

Power Factor
0.99

0.98 -——-""'\'/.——.

0.97
0.96

0.95
w1, Re=2%Ohm n=0.82, Roe2Ohm =1, Roe3kOhm
0.94
093 20 80 100

40 60
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Fig. 10 Experimental plot of overall power factor as a function of
output power  with respect to the value of # and R,
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Fig. 11 Experimental input current and voltage, and the measured line
cument harmonics superimposed on the specified 1ECS55-2
Class D limits. '

factor correction operation. It is quite clear that the power factor
comection has been achieved by the magnetic coupled stage. Fig. 10
shows the plot of the experimentally obtained overall power factor as
a function of output power with variations in the valwes of » and

Rc. In case of n=1 and Rc=2kQ, the power factor stays
relatively high for the entire load range down to 10% of rated. Thus,
the turns ratio of 1 for a magnetic coupled stage and the clamped
resistor of Re=2kC has been selected for near optimum
performance. Fig. 11 shows the oscillogram of the input current,
voltage, and the measured line current harmonics superimposed on the
specified |ECSSS2 Class D limits. This clearly shows that the
proposed converter meets the regulations with a considerable margin,
and the measured power factor is 0.985.

V. Conclusions

This paper has presented analysis and experimental results for a
forward converter incorporating the magnetic coupled technique. The
proposed new magnetic coupled power factor comection technique
gives the good power factor correction and low line current harmonic
distortions. Furthermore, the proposed converter is capable of
producing an isolated output voltage regulation in a single stage and
single switch without significiant output voltage ripple at twice the
line frequency. The analysis of the harmonic distortions and power
factor are caried out. Based on this anaysis, the nearly optimal value
of the tums ratio of magnetic coupled stage is sclected for he high
power factor. The prototype successfully meets the [ECSS5-2
requirements with a high power factor. Thus, the proposed converter
is suitable for low power level power supplies.
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