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ABSTRACT _

' This paper presenls & PWi AC/DC buck converter circuit incorporating a
frontend rectifier followed by a DC/DC convertor. "Two Lransistors are used s 2
rmain and auxiliary switches. The propused circuit provides zero-current (£0) tem
ON pnd zerc-currentzeto-vollage (ZCZVY wrn OFF to the wa Lrapsistors,
besides zerp-voltage turn ON 10 two diodes, Numerical methods ere used (o

analyse and determine the perfurmance of the converter system. A feedforwand

pechnique is employed to improve the perfarmance of the converter over arange

of culput power, ’
Key words: AU/ converier, ZCE and ZY'S switching converter.
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LINTRODUCTION

AC/DC converler circoits are widely
used in several industrial applications. The
use of rectifier circuil with filter causes a
nansipusoidal  cucrent waveform  drawn
from the AC supply, which contains large
lotal bammonic distorion (THD) and has
iow power factor. With this distored
curren( that rcpresénts clectric power .grid
pollution,  clectromagnatic  interforence,
losses in transinission and disteibution Fpes,

and vollage distortion are associated [1).

Diifferent lopulogics of high power

© lactor PWM AC/DIC converler cironits but

wilh high vollage and curtent sircsses have
been pmp;i::st‘:-d fn several papers [1-7L A
family of soft swikching |, high power factor
converters bave been proposcd in the
literskures  where  zero-voltage-switching
(ZV3) or zerp-current-switching (ZC3)
have been spplied during wm OFF ar arn
M transition [8-10].

In this paptr, & ZC5-PWM soft
commutation cslt, which bas been proposed
in [10], is used with o PWM AC/DC
converer citchit as shown in Fig(l). The
circull provides ZUS and 2CZVS during
turn ON and lurn OFF trangilions of the two
switching transistors respactive|y, as well as
2 ZY turn ON to the diodes. The operation
af the converter system is analysed and ils

performanee s determined using fourth-

Csoft  commutalion ccli

onber Munge-Kulia melhoed  incarporating
Fourier series and  numerical inlcgral
techniques. The resulls indicate clearly that
ihe performance of the converler can he

improved by using a feedforwand technique.

A high power factar i_ilid lorw total harmonic

" distortion arc schieved over a range of

Duatput poswer.

L CONVERTER BFERATION

The studied PWM AC/DC buck
converter circujt s shown in Figa(1) The

confains lwo

i gwilching transisters (Sl-main and 32-

aoxiliary) with two anti-parallel diodes Dsl

and D=2 respeclively, two resonant
inductgrs Lrl and Lel, one resonant

capacitor Cr, and two dicdes 3] and D2,

The perfermance of the converier can

" be analysed by dividing ils openation during

each switching period time ' {Ts=1/Fs} into
nine topological stapes, as shown in Fig 2},
Fig.(3} shows the lime interval diagram of

olie swilching peried.

h -1

This stage contives during the time
interval {To=t=T1). At the begining D1 and
02 arc conducting zmd 51 starls to conduct,
The resonant induciur current I{Lrl) starts
from 2ere satisfying ZO3 for the switching
transistor Si. This stage centinues until the

current  I[{Lt1) reaches the smoothing



inductor cureent I, The following equations

are used 1o describe the operation of Lhis
stage.

L dhu{t)dt = - Vo(i) Gt
04ty = C dVoydt + VoyR (2}
Vil = Lri dI{Lr [)(tWdt —

where ¥i and Vo are input and output

voltages, respectively.

Stage-2

When the resonant inductar current
IfLr1] reaches the inductor cument I, the
two dicdes D1 and D2 arc wwmed OFF,
making stage-| ended and starting stage-2.
This stape operates tf_ﬁrer the tiume interval
TI<t<I2 and its performance can be
described by equations 2 and 4,

Wilt) = (L + Lrt) dlu(t)dt + Voli}
J—

The time interval of this stage
depends on the duly cyele of the converter
(D), i.e. when T2-To=DTs, where Ts is the
swiiching period time (Ts=1/F5) and Fs is
the switching frequency of the converter.
Dwring this stage, the AC inpul supply is
connected to the load (R} through the
smoothing indwctor [L) and Lrl,

Stage-3
To turn OFF the main  switching

(57)

ransistor 51, the auwxiliary  switching
{ransistor 52 is tumed ON and ke resonznt
inductor carrent ILs3) siarts from zero,
satislving ZCS to the auxiliary swilch S2.
At that time (t=T2). the resonant capacitor
Cr discharges through the reczonant
inductor L2, This stage is valid ustil the
voitage of the resonant capaciior reaches

. zeto {(Yor=0) at t=T3, The time duration of
. this smge is T2=<t=T3 and the aperation of

" the converer can be deseribed by equations

2 and 4-6,
Lr2 dULe2){rdt = Ver(t) ——a[5)
Cr dVer(t¥dt = - I(Le2)Y1) —reen{ 6

. Staged

. When the resonant capacitor voltags
{¥er) reaches zero, diode D starls
conducting at zero volage satisfying ZYS
coadition. The resonance occurs among the
two re:snnn::tt Inducrers (Lrl and Lr2). The
operation of this stage continges wntil {Lrt}
reaches zero, ie. the main swiiching
transistor 51 is tumed OFF with ZOE and at
the same titae with ZVS, because Ds| siarts
conducting flurns ON). The operation lime
intervai of this stape is T3<=T4 and
equations 2,5 and 7-9 describe its -::lpérat lon.

L diuftyde = Vilt) — Veit) — Vor(f)

—(7)
Cr dVerftydt = 1000 — [(Lri ) ~ (L2

e8]
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Lrl difLebdt)/dL = Verdt)

At time 1=T4, the switching transislor
51 is trned OFF and the anii-paralle] diode
D5l stants conducting. The oparation of this
stage continues untit the resonant inductor
current [[Lr2) reaches zero. At this time, the
auxiliary switching transistor 82 is lurned
OFF gt zero corrent condition, while the
anti-paraliel diode LDs2 stars conducting
(turns DH} providing zero yoltage
switching condition to the switch 82, The
time inlerval of this stage is T49<137% and
its operation can be described by cquatians
2,5 and 7-49.

Stuge-&
This stage slads when the anti-

paraliel dicde Ds2 is turned OW. Thl:_

operation of this stage continues untl the
resonant indoctor cumment (LeZ) reaches
zero. At this time tho diode Ds2 is lurned
OFF. The time interval of th]s.staga is
T5<t<I6 and the cquativns of stage-3 can
be used to describe the operation of this

slagc.

Seape-?

This stage
switches 51 and 52, ;and the gnti-parallel
dicde D52 are tumed O¥F during the

slarls  with  the two

previous skapes. The resonant eurrent {lows

thrgugh Dl oonly, This stape continues

util the resonamt cuTrent I{I;rl} teaches
zero and the diode Dsl is switched OFF.

The inierval cperatian of this stage |s

. TE=t=T7 and equations 2,7,9 and 10 are

describing the opotation of this stage.

Cr dVer(tiidt = 16} ~ I(Lri )t} ——{10)

Stage-§

In this stage, the resonamt capacitor,
Cr, is charging through the input supply
until the diode D2 starts canducting. The

. time interval of this s'}age is T7=t=T3 and

the operation of this stage can be described

by equations 2,7 and 11,

Cr dVertydt = Tedt)

tape-%

Thisg stape starts when the diode D2 is
tuned ON at Z¥5 and the inductor L iz
freewheeling through the load and the two
diopdes DY and D2, The operation of Lhis
stage is performed during the interval bme
THt= [, e, until the end of the swikching
time period is roached (T9=Ts). Equations 1

" gnd 2 desgribe the oﬁamlian of this stage.

JZERD CURRENT SWITCHING
CONDITIONS

To obtain zero-current switching, Lhe
following eonstraints and conditians must
be assisted according to the stages of

operition as described in section-2 [9-12].



B=Lelri<k e {12}
o= (lo/¥i) (Li2/Cri4
ats2 = {1 + H{I+BIAHE Fo) ——(14)
Fo= 1/{2r {Lr2 Crive)

Here, 1o 15 the load curment and Ais2 is the
time interval used ¢ gontend 52, [t can be
noled that Ats2 in cquation 14 depends on

1he resonant parameters only (Lel, Lel, Crh

ROL SYSTEM

To reguiate the, output voltage and to
improve the input power factor and the tolal
harmonic distortion ﬁ'HD} of the converter
inpul currgnt, & Teedforwanl lechnique is
used [13,14) as shown in Fig[4-a}, The
output voltage (Vo) of the éunv:n::r is
sensed with a gain of Ko, ang then
controlled with a reference input yollage
¥y through e propotiional plus inteprat
(PI} controller cirouit. The input current of
the converler is scnsed, gained by a factor
Ki, and sublracted from the oulput of the PI
comnaller. The output of the subtrackor (Y
cainirol a PWA sircuit to generale two pate
signals {Vgs! end Ygs2) which are used to
swilch ON the main and the auxiliary
switches (81 and 82). The contrl gircuil
used tu generate these two signals i3 shown
in Fig.¢4b).

The conkrol sigoal Yelt) can be
deterningd by equation (6]

. determined

Vel = fKo Vol — ¥r} Kp +

Kin | {Ko Volth— ¥r) de - i lin(t
Ll
whera ¢
Kp = prapartional gajn of the Pl
controlier,
Kin = integral gain of the P controller.
Tin = converter inpuL cufren,

5 DESIGN PROCEDURE

The PWH AC/DC buck converter

designed pammeters ane  selected and
determined as fallows:
{E) The inpui AC voitags iz 224V {rms) and
the swiching frequency Fe=25kliz, The
oulpur voitage is kept at 120V when
fecdlorward technique is wsed.

(23 The resomant parameters {Lrl, Le2 and
Cry oond  the time  interval used Lo
gontral  the auxiliaey switch [Als2) are
using equm:mns 12-15 by
selecting sujtable values for and Mrequency
raitio (Fs'Fo).

Taking the foliowing pa:amél.t:rs‘.

Vi=220V (mms), Vo=120¥, Po=1600%,

Fe=i5kHz, 0=).8, «=0.4, and FsFo=).2,
the values of the resonant Inductors and
canzcitor can be l:nhrtuil ed as follows:
Lrf = 10uH, Lr? =8uH, and Cr=|%3nF,

The time interval used 10 contro! the
auxiliary switch is Als? = Spe,

(59)
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{3) The ouiput filler parameters L and Qutpul voltage = 120V
are specificd by assuming that the putput laput power factor = 0,07
cutrent and voltage are smoolhing during Input TH} = 0.25

the switching period [14]. For that, lol ‘ Efficietiey = 45%

L=!mH and C=100)pF.
We carry the caleulaiions further to
&RESULTS . invistigate the influence of the duty cycle ar
The performance of the converter converter  performance. The  mesults an::
system at open loop condition (i.e. without displayed in Figs.{%) - (12) a5 a function af
feudforward technique) is obtained using lomdl resistamce and assuming 3=0.8 and
equalions  {i-11), T‘.'!'u:s: equations  are Fs/Fo=0.2. It is clcar f‘r:l;un these figures that
safved numerically  using  forth-order the performance of the converter depends
Runge-Kutla method which incomporates on the foad resislance and the duty cycle,
Fourier series and  mromnerical integml. _Ineressing the load resistance or duty cycle
" lechnigues [15]. Fig.(5) shows the vaciation reduces [he power factor while |ncreases
of the output voltage against lond resistince both THD and efficiency. Takle-1 lists the

for different values of B and frguency ratin main  characteristics of the converter
(Fs/Fo) and af a duty cyele D=1, It can bo _ abtained at B=0.8 and Fe/Fo=0.2 pnd takidg
seen  that there arc smabl  variations R and I3 2z independent parsimeters,

intrgduced in the output voltape when i and
Fs/Fa are varied, The }::um-r factor and the Table-t.
THL of the input curtent arc plotied against

a ol 02 [F} ]
lvad  resistance in Figs. & and 7, —— o - . -
’ RiE2) m':n[.m m.'zui-m o e
respectively, and for the same values of A '
and Fe'Fo used in Figdsh. While Fip(3) Y RS NN RN
- i 97 [wa [ mallov | on | or Wos | o | &
depicts the efficiency of the conventer as a S
’ o reel : o _ ple |ofe o {o folo o
functicn af load resistance. Investipating Gl O e B Vi bty |
Figs.5-8 reveals thal B=0.§ and Fa/Fo=0.32 R i
. : . i AR TR A
are suitable parametess to realize the  § noam) :

i
venverter because the performance of the

systetn is the Desl ab these values when To improve the performence of the
THD and power factor arc considered. AC . convertsr, o feedforward technique is used ,
=08, Fs/Fo=0.2, R=t2(3, the converler is ss shown jn Fig.(4). The operation of the

characterized by _ converier sysiem i3 described now by



cguations (1-11) in addition to equation
(16), These aquaﬁuns are  solved
numerically using tﬁe gamg  techrique
adopted in the open loop condition. The
performance of the convener system (s
depicted in Figs(t3)-(15) when B=0.8 and
Fs/Fo=0.2 and for different values 61’ input

current gain (Ki). It can be seen from these

fipures that the converier can operalg at

oulput vnltagﬁ Vo=120¥ over a rango of .
output power {from 1HOOW 1o 2300W), .

while the conventer rated outpul power as
seloeted in the dosign. procedure is 1660W,
The performance of the converter have not
the same &ffect during all this range -of
output powet as shown in these figures. The
variation of Ki above 0.4 improves the
power factor and the THD but reduces the
efficiency, when the converler operated at
oulput power less than the rated value.The
input eurrent and voltage waveform of the
converter are shown in Fig.(16} which
shows that Lhe power factor i5 high and the

THD is comparable low.

LCONCUSIQNS

A PwWM AC/DC converler circuit
with high power factor and soft switching
has been studied. The circuit offers zero
currentt [uen OM and zero currenl'zero
voliage wra OFF For the two switching
transistors. The lwo diodes D1 and D2 are
switched GN at zero voltage condition, The

performance of the converter has been

(61)

cramined and  with
feedforward techaique using forth-order

at  open loOR

Runge-Kutte methed, which incorporated

" Fourier series und numerical ntegration

: methods.

The
satisfactory over a range of output power
0.68 to 1.44 of the sclecled designed level. -

coriverter  can  opcrale
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