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Abstract—This article presents a comparative analysis of the
input current parameters for active power factor carector (PFC)

switch and appropriate control method. However stliiiching
frequency affects on the aforementioned energy npeters

based on conventional boost converter (BC) and zewurrent-
switching quasi-resonant boost converter (ZCS-QRBC).The
comparison was performed taking into account the sgctral
composition of the input current (individual harmonic levels,
total harmonic distortion) and power factor. It has been shown
that both converters rated for 1 kW output power are compliant
with the requirements of international standard IEC61000-3-2.

Keywords—active power factor correction; conventiortabost

converter; quasi-resonant boost converter; zero-@nt-switching;
total harmonic distortion

l. INTRODUCTION

oppositely. The higher switching frequency as udeadls to
increasing the switch power losses, but reduciegthplitudes
of the input current harmonics. This contradictioan be
resolved using PFC comprising ZCS-QRBC [5].
solutions allow increase the switching frequencytaid MHz
and higher with minimal switch power losses [6]ni@nsions
and weight of such PFC are reduced simultaneously.

Input current distortion comparative analysis ofe th
conventional BC and ZCS-QRBC is important for ajppiate
selection the necessary pulse converter type in. e@e of
these issues are discussed in [7]. A dynamic mibdeélallows
investigating the input current distortion of theEG® based on

Such

Nowadays modern domestic and industrial electroniézom/enﬂon"‘lI BC and ZCS-QRBC was proposed in [8].

devices, rated for small and medium power, as usoafain
pulse converters with transformerless input. Thesgnce of
such converters leads to distortion of the inputrent, i.e.
lower power factor, which entails increasing thera power

The aim of this article is a comparative analys$ige input
current quality and power factor for PFC based on
conventional BC and ZCS-QRBC under different cdntro
methods. The input current quality assumes indalidu

consumption and harmonics emission to the suppiyoré.
The presence of harmonics in the mains leads treased

power consumption of the adjacent loads and emeygen

operation. In many countries there are special dstals
normalizing the emission of harmonics in the supmywork

harmonic levels and total harmonic distortion (THOhe
assessment made based on modeling in MATLAB Sirkulin

Two methods were used to control the conventior@l B
rated for the same parameters of passive elem€hes first

[1]. To improve the power factor and hence decretse method is based on pulse width mo_dulation (PWM)hwit
overall power consumption and reduce the emission d-onstant frequency 100 kHz and variable duty cydlee

harmonics is possible using active and passive pdactor
correctors (PFC). Some features and drawbacks afhwdre
described in [2], [3], [4].

second method is based on frequency pulse widthulatiahn
(FPWM) with variable frequency and variable dutygley For
ZCS-QRBC control system two control methods wereduss
well. They are based on frequency modulation (FM)rated

Active PFCs based on boost converters avoid mosesonant frequency 100 kHz and the same paramefers

shortcomings of passive PFCs [4]. The active PFCaliich
power switches are synchronized to supply voltagekaown
(so-called low-frequency active PFCs). Their operat
frequency is equal to the line frequency (50 Hz)terlower
harmonics [2]. To provide better correction of theut current
the active PFCs, in which operation frequency liegond the
audible range, are commonly used. In this paper lgh-
frequency active PFCs containing bridge rectifiere a
considered. The first one is based on conventidrast
converter (BC) while the second one is based oo-zerrent-
switching quasi-resonant boost converter (ZCS-QRBC)

Desirable energy efficiency (close to unity powatbr and
high efficiency) in steady-state mode of the PF@veoter is
achieved by selecting the switching frequency & fower

passive elements as they were in BC.

The operation of each converter was explored utiger
same resistive load. The supply network is consitiédeal.
The presented investigation omits efficiency asses$ and
output voltage regulation issues. These problempsesent the
subject of the further research.

Il POWER STAGE DESCRIPTION ANDCALCULATION

Fig. 1a represents the active PFC circuit based on

conventional boost converter, while Fig. 1b illagés active
PFC circuit based on zero-current-switching quasénant
boost converter.
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Fig. 1. Active PFC circuits based on conventional boosweder (a) and zero-current-switching quasi-resbhanst converter (b)

The input of the circuit is connected to supplywwk,
where AC voltageu, (t) =U,, sinat ,U, =+/2 220= 311V .
The output DC voltage average valdg,r =360V . The load
resistance isR=120Q . Thus, the output power of the
converter is Py, =1080W . Putting efficiencyy=09, we
obtain the input active powd?, =1200W .

Consider the features of the passive elementstgaie® he
output capacitance in conventional BC accordin@}o

C= Wour
AURf

: oy

where y=TL — duty cycle of the control signak— pulse
S

width of the control signalTg— period of the control signal,
Ugur — Output voltage average valual — specified output

voltage ripple level,R— load resistancefq :Ti — switching
S
frequency.

In conventional BC supply voltage is smoothed ehoag
usual, while the input voltage of active PFC comsipg
conventional BC varies from 0 tt),, at 100 Hz frequency.

Obviously, (1) does not imply the specified featukecording
to [10], the value of output capacitance of the BRGuId be

- B

=N, )
zaKU CZ)UT

UOUT(Z)m _

where K= ripple factor, Ugyrm— pulsation

ouT
amplitude of the output voltage harmonic at frequyetb00 Hz.
Equation (2) is valid for both constant and varablitching
frequency of the power switch. Putting ripple faci® equal
5% and based on (2) the output capacitanee300 r.

The storage inductance of conventional BC accorttirfg]

L= =R,
2f,

3

Equation (3) implies that inductor operates at Iloeder
between continuous conduction mode (CCM)
discontinuous conduction mode (DCM), i.e. it works
boundary conduction mode (BCM). In such case tledtor
current ripple will have a maximum value. For a emaccurate
calculation an acceptable coefficient for currépple must be
taken into account. According to [11]

and

L= UnUour Ui ,
Al T Woyr

(4)

where U, — average value of the input voltage. In our chee t

input voltage of BC is the rectified supply networkltage,
whose average value

T/2
U =L ijsinwtdt:ZU"‘
T2 4 Vg

~198V , (5)

where T — period of the supply network voltage. Inductor
current ripple amplitude

Al = (02.04) 0oy UOUT ,

IN

(6)

where Iq,,— maximum output current. Based on the

requirements to ensure minimum specified inductomrent
ripple at maximum operating frequency 100 kHz asidigi (4)-
(6) we obtain the storage inductamce820/H.

Active PFC circuit based on ZCS-QRBC (Fig. 1b) etiéf
from active PFC based on conventional BC (Fig.ibajhe
presence of the parallel resonant circyit. . It provides zero
current switching of the power switch SW and thus

significantly reduces the switching losses and owups
efficiency [12]. Its operation discussed in moréads in [13].



The period of oscillations in the resonant circuit This is hysteresis control method with variablegérency and
variable duty cycle (frequency pulse width modala}i The
instantaneous current in the storage inductor ieitoed and

To=2m|L.C, , (7)  compared with two envelopes. The shape of the epeel

represents the reference signdl,[sinat |, which is scaled by

where L, — value of the resonant inductane®, — value of the the factor K. The levels of the top and bottom envelopes are
resonant capacitance. Since in the ZCS-QRBC framyuen adjusted by factors Kand Ks respectively. When current(t)
modulation is used, the duty cycle of the contighal must reaches the upper envelope it activates the higipacator G.
satisfy the condition of the switching at zero emir The When |(t) reaches the bottom envelope it activates the lo
corresponding parameters of the resonant circuit this ~ comparator € The output signal of the lower comparator goes
condition to be satisfied, = 6.1 mH, C, = 220 nF. The values ©n trigger T which clocked by the signal frontsnfreeach
of the storage inductance and output capacitancee weComparator. The output signal of trigger T forme tontrol

calculated using (2) and (4) and they are the sasrtbey were signal for power switch.

for conventional BC. Fig. 2c shows the first control scheme for ZCS-QRBC
using frequency modulation (FM1). The adder sumnesri
.  CONTROL SYSTEM DESCRIPTION three signals which are formed similarly as it virad=ig. 2a.

The feature of this method lies in the shapinghaf tontrol
signal. The reference voltage is generated usiriglizer

: X ; Counter, which is clocked by the generator of negtdar
Fig. 2a. The PWM is used to generate COF‘”C" sty power pulses at frequency 35 MHz.yWheng the referenceasiim
switch. The adder summarizes three signals. Theraeée o 5 to the output signal of adder, the compar@tactivates
signal M, sinat |, which represents the rectified voltage andine monostable multivibrator. It generates a corsignal with
sets the necessary input current shape. The f&gGtalefines a duration 1= 5 ps, that is about half of the oscillation pdrio
the DC component of the output voltage. The feekitssgnal  of the resonant circuit. This signal is suppliedthe power
is an instantaneous value of the storage induatoent | (t). switch and the Counter is reset to zero.

The factor K is a negative value, which performs scaling of .
the feedback signal. Values of the factors &hd K are _Fig. 2d shows the second control scheme for ZCS-QRB
adjusted on the basis of a predetermined DC outgtage and using frquency modulation (FM2). .The referer]cena;ig
taking into account their mutual compensation. Gtwaparator |UmSinat | is scaled by Kand thus defines the desired lower
C compares the output signal of the adder and ¢fexence limit of the input current. This value is supplitxicomparator
triangular signal with an amplitude,l&nd frequency 100 kHz. C,, where it is compared with the measured instactase
The resulting rectangular pulses with variable duytgle come  value of [ (t), which is scaled by K Comparator output signal
to the gate of the power switch. is input to D-trigger, which is clocked by the geater of
rectangular pulses. The output signal Q launchesostable
multivibrator that generates a control signal fowpr switch.

Two control methods were used for a conventional BC
simplified control scheme for the first method isown in

Fig. 2b shows a control scheme for the second rdetho
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IV. SIMULATION RESULTS ANDDISCUSSION

The simulation results for PFC based on conventiBi@
and ZCS-QRBC are shown in Fig. 3. In steady-stageoutput
DC voltage is 360 V with ripple up to 5%.

The input current THD for PFC based on conventid@@l
using PWM is 10.34% (Fig. 4a). The input currenpéiuade at
the fundamental frequency is 7.36 A. The powerdiaat this
case is 0.9947. The input current THD for the saomwverter
using FPWM is only 3.12% (Fig. 4b). The input cutre
amplitude at the fundamental frequency is 7.27THe power
factor in this case is 0.9995.

The input current THD for PFC based on ZCS-QRB
using FM1 is 8.85% (Fig. 4c). The input current ¢itugde at

the fundamental frequency is 7.156 A. The powetofain this
case is 0.9961. The input current THD for this @ter using
FM2 is 8.01% (Fig. 4d). The input current amplituaiethe
fundamental frequency is 7.951 A. The power fagtoithis
case is 0.9968.

Fig. 5a and Fig. 5b show compliance of the inputent
harmonic levels with IEC 61000-3-2 for both coneest The
limiting envelope was built in accordance with the

requirements of IEC 61000-3-2 for class A equipmésd it
shown, both converters with different control methoare
capable of providing high-quality correction of theput
current, i.e. power factor above 0.99 and specttithe input
current that with a margin meets the requiremeritshe
international standard [1].
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V. CONCLUSIONS

The results of the input current parameters armlysithe
PFC based on conventional boost converter and aerent-
switching quasi-resonant boost converter have lpeesented.
The investigations were made for different contr@thods in
each converter. It was shown, that for the samarpaters of
the power stage PFCs based on conventional BC ivilyl

and based on ZCS-QRBC using FM have similar THRsrat

about 8-10%. The best quality of the input curisrtrovided

by PFC based on conventional BC using FPWM in whichg)

THD = 3%. It is achieved due to hysteresis contvbich is
implemented in simulation with a sufficiently smalidth of
the hysteresis. However, such quality of the inputent will
be difficult to obtain in practical implementation.

An achieved margin in the absolute values of theutn
current harmonics compared with the limits of IET060-3-2
(Fig. 5a, Fig. 5b) for each method is caused ndy by the
guality of compensation, but also due to the lopuinpower
(1.2 kW). It is likely that higher power at the samonditions
can increase significantly the input current harimoates. In
such case the advantage of using hysteresis casmtblious.

Nevertheless, for more objective comparison of gyer
efficiency of PFCs based on conventional BC and -RBC
under different control methods, the power losseastralso be
taken into account, which in this study was notsidered. The
influence of the storage inductor value on the gydosses,
that is quite interesting problem in switched-mad&verters
[14], could be investigated for PFCs based on cotiweal BC
and ZCS-QRBC.

It should be noted that investigations were peréminfor
the rated switching frequencies about 100 kHz. Tieiguency
range is common used for conventional boost coervdédsed
on MOSFET. At the same time such operation frequeloes
not allow to fully realize the benefits of ZCS-QRBi€Cterms
of energy efficiency. For higher operation frequescthe
efficiency of conventional BC will drop considergbwhile
the efficiency of ZCS-QRBC will be high due to nmnzing
losses in the power switch. Besides that, at highuencies the
requirements for reference current accuracy and sjgeed of
the control loops in PFC increases significantly.
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