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Investigation of the Energy Characteristics of High Frequency Power
Factor Correctors

In this paper the investigation of the energy
characteristics of the active high-frequency power
factor correctors for three control methods (border-
line control, peak current control and average cur-
rent control) is made. In MATLAB/Simulink envi-
ronment models corresponding to each method of
control were developed. Power factor correctors’
energy performance under the nominal load condi-
tion, under reduced and increased load resistance
was researched. For the peak and average current
control methods two values of a switching fre-
quency were used — 50 kHz and 100 kHz. Refer-
ences 3, figure 1, tables 3.
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Introduction

In recent years national and international stan-
dards were introduced (EN 61000-3-2), which im-
pose restrictions on electricity consumers' emission
of current higher harmonics in the supply network
[1]. To meet the requirements of these standards in
modern power converting devices power factor cor-
rection is widely used. This allows reducing the
level of mains current harmonics and improving the
power factor.

A typical active high frequency power factor
corrector (PFC) based on a boost converter is
shown in Fig. 1. The PFC is constructed so that the
shape of the average input current waveform is
close to the shape of the supply network voltage.
Ideally, they have the same shape and are in-
phase, herein the power factor is equal to one.
Modern PFCs provide a power factor close to 0.99,
which suggests consumers influence on supply
network is insignificant [3].

In addition to improving the electromagnetic
compatibility of a power supply, the use of the
PFCs enables to provide the stabilized output volt-
age of a corrector, which simplifies the design of

secondary power supplies, such as high-frequency

inverters, DC voltage converters and regulators [3].

L vD2
Y N

=l
VD1
< ale

o

Unnft)

Control
> system

Fig. 1. Power factor corrector based on a boost
converter

In this paper the following PFC control methods
are considered: borderline control, peak current
control and average current control methods. De-
scription of these methods can be found in [2]. In
MATLAB/Simulink environment the models of such
correctors were developed and the electromagnetic
processes in the PFCs were studied.

The Energy Characteristics Investigation

The following energy performance rates were
used for comparison: power factor x, the cosine of
the phase shift of the input voltage and the first in-
put current harmonic (cos®), total harmonic distor-
tion (THD) of the input current and corrector effi-
ciency n. The MATLAB/Simulink blocks were used
to get the values of these parameters.

The energy characteristics investigation of the
correctors was conducted for the nominal load
condition R, = 700 ohms, for three times reduced
load resistance and two times increased load resis-
tance. Moreover, for the peak and average current
control methods two values of a switching fre-
quency were used — 50 kHz and 100 kHz.

The energy performance for the borderline con-

trol method is given in Table 1. Obtained results
show that for this control the power factor and THD
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deteriorate with decreasing and increasing the load the THD can be improved by adding a high-
relative to the nominal value. Efficiency increases frequency filter on the corrector input.
with decreasing the load resistance. The value of

Table 1. Energy performance for the borderline control method

Energy performance | RLn/3 | RLn 2-RLn
X 0,826 | 0,838 0,819
CosS@ 1 1 1
THD, % 68,2 65,2 70
n 0,972 | 0,867 0,817

Table 2 shows the energy performance for the peak and average current control methods with a
switching frequency fs = 50 kHz. The best rates were obtained for the load resistance R /3, while the
worst for 2-R.

Table 2. Energy performance for the peak and average current control methods with a switching
frequency fs= 50 kHz

Energy ; Peak current Average current
performance Load resistance control control
3 times reduced 0,985 0,986
X nominal 0,971 0,975
2 times increased 0,959 0,966
3 times reduced 0,999 0,998
(70 110) nominal 1 0,999
2 times increased 1 1
3 times reduced 17,4 15,8
THD, % nominal 24,5 22,3
2 times increased 29,6 26,5
3 times reduced 0,895 0,895
n nominal 0,768 0,768
2 times increased 0,643 0,639

Table 3 shows the energy performance for the peak and average current control methods with a
switching frequency fs= 100 kHz. Evidently, increasing the frequency improves the power factor and THD,
but the efficiency falls.

Table 3. Energy performance for the peak and average current control methods with a switching
frequency fs = 100 kHz

Energy ; Peak current Average current
performance Load resistance control control
3 times reduced 0,994 0,999
X nominal 0,994 0,997
2 times increased 0,984 0,989
3 times reduced 1 0,999
COosQ nominal 1 0,999
2 times increased 1 0,999
3 times reduced 11,1 4.1
THD, % nominal 111 6,7
2 times increased 18,1 14,3
3 times reduced 0,813 0,817
n nominal 0,628 0,61
2 times increased 0,477 0,52
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Conclusion

In this paper the research of the energy
performance of three different high-frequency PFC
control methods was conducted. In
MATLAB/Simulink environment the models for
each control method were constructed and the
reaction of these models to a load change was
studied.

Based on the results obtained the following
conclusion can be made: the average control
method has the best power factor value while
borderline control method has the worst. The
borderline control has higher efficiency than the
peak and average current control. The cosine of
the phase shift of the considered methods is close
to unity and almost independent of the load
resistance change. The best THD was obtained for
the average current control, and the worst for the
borderline control. Taking into consideration that for
the PFC the key indicators are the power factor
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and the total harmonic distortion, we can conclude
that among the considered correction techniques
the best performance is produced using the aver-
age current control method.

Also it was found that the power factor and
THD are better at higher frequencies. Meanwhile,
the efficiency deteriorates with increasing the
frequency
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lMocmynuna e pedakyuro 20 ceHmsbps 2014 e.

HauioHanbHWIM TeXHIYHWUIA yHIBepcuTeT YkpaiHn "KNIBCbKUA NONITEXHIYHUIA IHCTUTYT",

Byn. MNonitexHiyHa, 16, kopnyc 12, m. Kuis, 03056, YkpaiHa.

HdocnigkeHHA eHepreTUYHUX XapaKTepPUCTUK BUCOKOYACTOTHUX
KOpeKTopiB KoedilieHTa NOTY>XHOCTi

Y QOaHili cmammi npoeedeHO OOCIIOKEHHSI eHEeP2eMUYHUX XapakmepucmuK akmueHUX 8UCOKoYa-
CMOMHUX KOopekmopie koegbiuieHma rnomyHocmi 051 mpbox Memoodie KepyeaHHSI (2paHUYHO20 Kepy-
BaHHS, Kepy8aHHs M0 MiKo8OMY cmpyMy ma o cepedHbomy cmpymy). Y cepedosuuii MATLAB/Simulink
Oynu po3pobrnieHi 8i0nogioHi modersi Onsi KOXHO20 MemoQy KepygaHHs. [JocnioxeHi eHepaemuyHi rnokas-
HUKU Kopekmopie KoeiuieHma rnomyxHocmi npu pobomi Ha HOMiHarlbHe HasaHMaXXeHHs, Npu 3MeHwe-
HOMY ma ripu 36inbweHoMy oropi HagaHmMaxeHHs. [ns memodie KkepygaHHs Mo rikogomMy ma no ceped-
HBbOMY CMpPyMy 8UKopucmaHo 08a 3Ha4YeHHs1 Yacmomu komymauii — 50 kl'y ma 100 klu. bibn. 3, puc. 1,
Tabn. 3.

KnroyoBi cnoBa: kopekmop koegpiuieHma rnomyxHocmi, Memod KepyeaHHsl, MOO€erb, eHepaemuyHi
roKa3HUKU, KoegiuyieHm cyMapHUX 2apMOHIYHUX CrIomeopeHb, KoegiuieHm KOpucHOI Oii.

YOK 621.314

10.C. JemuyeHKo

HaunoHanbHbIN TEXHUYECKU YHUBEPCUTET YKpaunHbl "KueBckun NONNTEXHUYECKUA NHCTUTYT",
yn. MNMonutexHnyeckasq, 16, kopnyc 12, r. Kne, 03056, YkpauHa.

UccnegoBaHMe aHepreTMY4eCKUX XapakTepPUCTUK BbICOKOYACTOTHbIX
KOppeKTopoB KoachduumeHta MOLWHOCTU
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B daHHOU cmambe rpogedeHo uccriedogaHue 3Hep2emu4ecKUX XxapakmepucmuK akmu8HbIX 8bICOKO-
4YacmomHbIX KOPPEKMOopPo8 KoaghghuyueHma mowHocmu O71s1 mpex Memooo8 yripassieHusi (epaHu4Ho20
yrpaersieHus, yrnpaesieHus ro rnuUKo8oMy Mmoky u rno cpedHemy moky). B cpede MATLAB/Simulink 6binu
pa3spabomaHbl coomeemcmeyroujue modesnu 0ns kaxdo2o memoda yripaeneHusi. MiccnedosaHbl sHepae-
mudeckue rnokasamesnu KoppeKmopos KoaghguyueHma mouHocmu rnpu pabome Ha HOMUHAalbHYI0 Ha-
2PY3KY, Mpu YMEHbLWEHHOM U MpU y8eru4eHHOM CONMpomueieHuU Hagpysku. i memodos yrpasneHus
10 MUKOBOMY U 110 cpedHEMY MOKY UCOIb308aHO 08a 3Ha4YeHUs1 Yacmombl KomMmymauyuu - 50 kl'y u 100
kl'u. bubn. 3, puc. 1, Tabn. 3.

KniouyeBble cnoBa: Koppekmop KoaghghuyueHma MoujHocmu, Memo0 yrnpassieHus, Mooesib, 3Hepae-
mudecKkue rokasamersiu, KoaghgpuuueHm CyMMapHbIX 2apMOHUYECKUX UCKaXeHUU, KoaghguyueHm nosies-
Hoeo Oelicmeusi.
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