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Abstract

A new Zero-Current Switched(ZCS) High Powecr Factor Rectificr
for the power factor correction is proposed. The proposed single phasc
rectificr enables a zero-current switching operation of all the power
devices allowing the circuit to operate at high switching frequencics and
high power levels. A dynamic model and a predictive current control
technique for the ZCS-High Power Factor Recitficr(HPFR) arc proposed.
With the proposcd dynamic model, an analysis for the internal operational
characteristics is explored. With the proposed control technique, the unity
power [acior.

I. Introduction

In order 1o comply with the futurc regulations on [requency
dislortions of main AC power lines and EMI requircments. it is necessary
for many powcr clectronic circuits to improve the waveform quality of the
AC to DC conversion, Recently, there has been a great deal of rescarches
on the wave shaping of the active line current and a boost converter is
belicved to be a preferrcd power circuit configuration. This type of
approach for the linc condition, however, has many problems such as the
high switching losscs and high EMI level duc to the hard swilching of a
boost converter [1]-[4]. To minimizc these problems, the resonant
converter concepts arc promising as they climinate the switching losses to
a great extent such that the switching {requency can be increased and the
level of EMI is reduccd [4]-{7). Howcever, scveral papers employing the
resonant converter concept use the variable switching frequency to shape
a linc current {7] and do not concern the discrete time domain model-
ing[9] of thc AC 10 DC converter. In this paper, a new Zero-Current
Switched High Power Factor Rectificr(ZCS-HPFR) is proposcd to achicve
the unity power factor and wide runge of output voltages. The proposed
rectificr shown in Fig.l employs the serics resonant AC-link to provide
the ZCS condition to all devices. A dynamic modet in the discrete time
domain for the proposcd rectificr is developed and an analysis for the
intcrnal- characteristics is presented. Using the proposed circuitry, unity
power Tactor and wide output voltage rangcs arc obtained.

11. Principles of Basic Operation

The basic configuration of ZCS-High Power Factor Reclificr is
shown in Fig.1. The proposed rectificr consists of a diode bridge rectifier
with the push-pull switches S7 and S2, an isolatcd resonant power stage, a
single switch boost chopper Q. and an output filter stage. A transformer
with a center lappcd primary is inscrted to achicve electrical isolation and
extends the ranges of the output voltage to tower level of (he input voliage
according 1o its turn ratio. The push-pull switches S/ and S2 arc always
turned on and off alternalively in synchronization wilh the zero crossing
points of the resonant current. It is noted that the rectified line voltage Vv,
1o the resonant tank circuit is always in phase with the resonant current.
Thus. the resonant power stage is continuously cncrgized by the rectified
line voltage v,. The push-pull switches uscd to produce a resonant
frequency modulated rectificd line voltage at the input of the resonant
power stage. A typical waveforms of the push-pull switches controlicd
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Fig. 1. Circuit Diagram of a Zero-Current Switched
High Power Factor Rectifier.

rectified line voltage, current and a swilching strategy for the push-pull
swilches are shown in Fig. 2, As can be secn in this figure, a switch S/ is
closcd(S2 is open) during the rescnant half cycle, while the control signal
for $2 is high(S{ is open) during the next resonant half cycle. With this
kind of a switching stratcgy. the size of isolation transformer can be
cffectively reduced[10]. With the proposed switching strategy for the
push-pull switches, the operation of the ZCS-High Power Factor Rectificr
for a unity power factor can be obtained using a single switch boost
chopper. Q. where the switching is also occurred at zero crossing point of
the resonant current. Using the previously stated switching strategy of S/
and 2, the amplitude of the resonant current can be rapidly increascd
with a maximum slope when a switch Q is closed. If @ is open, the outpul
stage is connccted in scrics wilh the resonant tank circuit and hence the
stored coergy in the resonant power stage is transferred to the output
slage. -Sincc the resonant power stage is always cnergized by the
switching strategy for the push-pull switches as that of the hard-switched
boost converter, a boost characteristics of a ZCS-HPFR can be obtaincd.
A characteristic waveforms with respect to swilching status of a boost
chopper Q is shown in Fig. 3.

1I1. Dynamic Modeling and Anaysis

In order to obtain a simplc and cffective analytical tool for the
analysis, a_dynamic modcl in discrele time domain is developed. The
discrete state variables arc defined as in Fig. 4. Fig. 5 shows the
cquivalent circuit of the ZCS-HPFR. To obtain a dynamic model for a
ZCS-HPFR, the control variable for the k-th time cvent representing the
status of the swilch. Q. is defined as S(k). Bascd on the basic operational
principles previously stated, the governing cquations for the &-th time
event can be derived as follows:

1 . di(t)
;sgn @O (t)y=L, ar +v )+ (1 =SKkDsgn( (v, ()(1a)
dv() ‘
G, ar =i(t) (16)
’ . dv(t) 1
(I=S&NIiLN=C, +o-v,(1) (1c)
R,
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where S) has the values | and O expressing the on and off status of the
swilch Q. respectively, Since the push-pull switches §7 and $2 are always
turned on and off alternatively, the left hand side of (1a) implics the actual
applicd voltage to the resonant tank circuit with respeet 1o the tums ratio
of an isolation tansformer and the direction of the resonant current. The
third term of the right-hand side of {1a), (1 -Stkysgnti, (w00, denotes the
output voltage reflecied to the resonant tank circuit with respeet to the
control variable. Equation (1b) implies the dynamic relation between the
resonant capacitor voltage and inductor current, and (lc) express the
output equation. Because the line voltage and output voltage during the
half resonant interval can be assumed as a constant by the low ripple
approximation [8], the absolute resonant current can be derived from (1a)
and {1b) as follows:

v (k) + v, (0) = (=S (), (k)

[y = 7 sin{w, (6 —&T72)}
AT (kDT
Sfor > -<1<———-———2 (2)

where z=v0iCr=m/LC w, =1L, and vy is delined as the absolute
value of v). From the goveming cquations (1a)-(1c) and (2), the
following cquation can also be casily obtained :

L+ 1372
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sin m,(h%r—) de = v (k) 3)
Sk T2 R x :
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Fig. 4. Definitipns of the Discrete State Variables
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Fig. 5. Equivalent Circuits of the ZCS-High Power Factor Rectifier

If a new discrete state variable is defined as i,.(%) representing the
average value of the sbsolute resonant current during the k-th time event,
the following equation can be obtained from (2) as

kT k+ 1T
=210, fortT = A2 T

_ 29 (k) k) = (1= S, (k)
Tx Z

where 10,1 deotcs the absolute peak value of the resonant current.
Solving (3) and (4) gives

vk 1) = v (k) + 20, (8) = 230 - SR, (k) ©)

3

vk + 1) =11 = SEDVIER) + v, () + {1 - S &), k)
v, (k) =Y v, (k) (7

where y=2C,C, and ¥ =nzyer. The average value of the absolute
resomant current for the (4+/)-th time event can also be obtained by
simply replacing the time index & of (5) by (k+]) as

2k + D+ + D)~ -Sk+Dw,(k+1) ®

Laelk # 1) =00 =

Using (5) through (8). the following discrete state cquation for
ZCS-HPFR can be derived as
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Since C, is chosen as much smaller than C,, y and ¥ become much smaller
than the unity. Thercfore, the equation (9) can be simplificd as follows:

4n . A
k4 1) 1 -7 =8+ i k)
v+ ) [ nZy

Y e _ v,(k)
5, (L= SW) 1=y
k)
nZ (10)
0

where s'+1)={S(t)+ 5% +1))2. Note that the average valucs of the line
current i, (k +1) arc dircctly controlled by s'«+1). The slope of the
average absolute resonant current between the k-th and (k+1)-th time
events, S(k,k+1), can be casily derived from (10) as follow:

Stg a1y el +( ;32—):'“.‘«-)
=%{w>-u =S+ D)y, (k)}
=i’{r’(k)—(1 =Sk + 1))'\',,(k)},
(1)

IV. Simulation and Conclusions

In this scction, the typical comrolled responses of the proposed
circuitry are simulated. The parameters used in simulation are as follows:

v (1) =|V2 100sin(1207) [, L, =100muH, C,=SO0uF,

R, =50, n=3, f=100kHz, Ip=v,(6)3.
Thus. the proposed modeling and predictive current control technique are
very uscful for the analysis and performance improvement of a ZCS-High
Power Factor Reclificr. Fig. 6 shows the simulated waveforms of the line
voltage and linc current and output voltage for the proposed circuit. It can
be said that the line current waveforms show the sinusoidal waveforms
kecping in phase with the linc voltage. By using the proposed high power
factor rectificr, greatly reduced line current harmonics and unity power
factor can be obtained. Thus the proposcd circuit is very usclul for the
power factor corrcction of the power supply in the tclecommunication
cquipments.
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