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ANALYSIS OF THE INFLUENCE OF THE POWER FACTOR
CORRECTOR ON THE LEVEL OF ELECTROMAGNETIC
INTERFERENCE OF AC/DC CONVERTERS

B.B. Makapenxo, O.FO. Jlykawes. AHaNi3 BIVIMBY KOPeKTOpa KoedillieHTa MOTYKHOCTi HA piBeHb eJeKTPOMArHITHHX 3aBaj
AC/DC-neperBopioBayiB. Y CTarTi IPUBEACH] PE3yJIbTATH JOCIIDKCHHS IMITYJIbCHOTO [PKEpesa XUBJICHHS BiJl MEPEXi 3MIHHOTO CTPyMY
220 B/50 I'u, w10 cki1agaeThest 3 KOpeKTopa KoedimieHTa noTykHOCTI Ta moHmxkyro4goro DC/DC-neperBoproBaya. 3anpomnoHoBaHa B poOoTi
MoJenb JpKepena, po3pobiieHa juisi poboru B cepenosumii LTspice, nossossie mocimipkyBaté KOeiliEHTH IMOTYXKHOCTI, HETiHIHHHX
CIIOTBOPEHb MEPEKEBOTO CTPYMy, KOPHCHOI Ail, a TaKOX CIEKTPH KOHAYKTHBHUX 3aBaj, IO CTBOPIOIOTHCS NPH POOOTI uKepena.
EdexkTuBHICTh 3ampONOHOBAHOI MOJENI MiATBEPKYEThCS THUM, IO BOHA 3a0e3meuye epeKTUBHY poOOTy JpKepena B Jiama3oHi BXiJHOL
Hanpyrd Big 128 mo 400 B. [locmimkeHHs Mozeni Jokepeia 3 KOPEKTOPOM KoedilieHTa MOTYKHOCTI IPOBOIMIKCH i3 BHKOPHCTAHHIM
HE3aIKHUX CHCTEM aBTOMATHYHOTO YIPABIIHHS KITFOYaMH KOPEKTOpa KoedillieHTa moTy»KHOCTI Ta moHmkyodoro DC/DC-nepetBoproBaua,
{0 MO3BOJIJIO TPOBECTH JOCITIMKCHHS PiBHS KOHIyKTHBHHX 3aBajl, CTBOPIOBAHHX IMIIYJbCHHM JDKEPEIOM JKMBIICHHS, BiJ 4acTOTH
KOMyTaIlii CHIIOBHX KIIOYIB KOXHOTO 3 BY3JiB, BiJ €(EeKTHBHOCTI BHKOPHCTAHHS TEXHOJOTIi PO3MHUTTS CIIEKTPY CHTHANy YHpaBIIiHHSI
KOpekTopoM koedimienta motyxuocti Ta DC/DC-neperBoproBadem. [TopiBHSHHS e(hEeKTHBHOCTI 3MifCHIOBATIOCH 3a PIBHEM CIIEKTPAIbHUX
CKJIAJIOBHX Y CIEKTPi CTPyMy MEpEeXi BiJ SKOI 3IiHCHIOETHCS JKUBICHHS JUKepena. [IpoBeleHi JOCHTIJDKEHHS MOKa3add JOLIIbHICTH
BHKOPHCTaHHsI TeXHOJOrii po3murts crekrpy y DC/DC-mneperBoproBadi. EQekTHBHICTh BUKOPHCTAHHS Li€i TEXHOJOTII 1O 3MEHIICHHIO
KOHJIYKTHBHHUX 3aBaj cKiajaae Bia 8 1o 10 nb, B 3a1eKHOCTI BiJl mapaMeTpiB JuKepena )HUBJIeHHS. B poOoTi nmokasaHo, 1o BUOip 4acToTH
KOMyTaIlii CHJIIOBUX KIFOYiB KOpekTopa koediuienta moryxuocti Ta DC/DC-nmeperBoproBaya Citii MPOBOIUTH MULIXOM MOJICTIOBAHHS TIPU
BKJIIOYCHOMY DPEXHMi PO3MHUTTS CHEKTPY B IeperBopioBadi. Iloka3aHo, 110 HEBipHMI BHOIp YaCTOTH CHUTHANIB YHPaBIiHHSA KIFOYaMU
KopekTopa koediuienta noryxsocti Ta DC/DC-meperBopioBaua MOXe MPHU3BECTH A0 30UIbLICHHS PiBHSA KOHIyKTHBHHX 3aBany Ha 10 ab.
Amnani3 Mozeneit Jukeperna )KUBJICHHS Ta OKPEMHX HOro BY3JIiB J0O3BOJISIE OOIPYHTOBAHO 3/1HCHIOBATH SIK BUOIp 4aCTOTH KOMYTALl CHIIOBHX
KIIFOYIB JDKeperia )KUBIICHHS BiJl Mepexki 3MIHHOTO CTPYMY, Tak i BUKOPHCTAHHS €(EeKTUBHUX METOIB 3HW)KEHHS EIEeKTPOMArHiTHUX 3aBaj,
IO CTBOPIOIOTHCS NPH POOOTI IMIYJIBCHUX JDKEpen kuBieHHA. OTpuMaHi pe3yibTaTd JO03BOJAIOTH OLIHUTH HE TUIBKM IOTEHLIMHHI
MOXJIMBOCTI PI3HUX METOJIIB 3HIKCHHS PIBHS €JIEKTPOMArHITHUX 3aBaJl IPY Bapialii mapaMeTpiB CUTHANIB yIPaBIiHHA CHJIOBUMU KJIIOYaMH
BY3JIiB IIEPETBOPIOBAYA, a i chOpMyBaTH PEKOMEHIALLIT 110 KOMOiHAIIT IINX METOAIB 11 OTPHMMAHHS HAHKPAIOro pe3yJIbTarTy.

Kniouosi cnoea: KOHTyKTHBHA 3aBajia, CHEKTP, PO3IIMpPEHHs CreKTpy, Spread Spectrum, mepeTBOproBad, MOIYIAIis, KOPEKIIis,
MOJIEITIOBaHHS, cTall1i3aTop, HENiHIHHI CIIOTBOPEHHS

V. Makarenko, O. Lukashev. Analysis of the influence of the power factor corrector on the level of electromagnetic interference
of AC/DC converters. The article presents the results of a study of a 220 /50 Hz AC power source consisting of a power factor corrector
and a DC/DC converter. The proposed model of the source, designed to work in the LTspice environment, allows you to investigate the
power factors, nonlinear distortions of the network current, efficiency, as well as the spectra of the conductive interference generated during
the operation of the source. The efficiency of the proposed model is confirmed by the fact that it provides efficient operation of the source in
the range of the input voltage from 128 to 400 V. The studies of the power factor correction source model were conducted using independent
automatic power factor correction key control systems and a DC/DC converter, which made it possible to study the level of conductive inter-
ference generated by the impulse power source from the power switching frequency of each key from the efficiency of the power keys the
use of blurring of the spectrum of the signal of correction of the power factor and the DC/DC converter. Efficiency comparisons were made
on the level of spectral components in the current spectrum of the network from which the source is supplied. Studies have shown the feasi-
bility of using spectrum blurring technology in DC/DC converters. The efficiency of using this technology to reduce conductive interference
is from 8 to 10 dB, depending on the power source parameters. It is shown in the paper that the selection of the switching frequency of the
power factor correction key switches and the DC/DC converter should be made by simulation with the blur mode in the converter on. It has
been shown that incorrect frequency selection of the power factor correction key and DC/DC converter key leads to a 10 dB increase in
conductive interference. The analysis of the models of the power source and its individual units makes it possible reasonably make both the
choice of the switching frequency of the power switches of the power source from the AC power source and the use of effective methods of
reducing the electromagnetic interference created during the operation of the pulse power sources. The results obtained allow us to evaluate
not only the potential of different methods of reducing the level of electromagnetic interference in the variation of the parameters of the
control signals of the power keys of the converter nodes, but also to formulate recommendations on the combination of these methods for the
best result.
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distortions
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Introduction. When designing AC to DC (AC/DC converters), not only the maximum efficien-
cy, but also low electromagnetic interference and small distortion of the current consumed by the net-
work must be achieved.

While the problems of reducing electromagnetic interference created during the operation of
DC/DC converters have been considered in many papers [1 — 4], the problems of creating electromag-
netic interference by power factor correctors (PFC) included in the AC/DC converters have hardly
been considered. The problem is compounded by the fact that in addition to the power factor corrector,
the AC/DC converter also includes a DC/DC converter, which typically works with a key switch dif-
ferent from the power factor corrector (PFC). Therefore, in addition to investigating the methods of
reducing electromagnetic interference generated by the power factor correction, at least two more
guestions must be answered. The first is whether you can make the same switching frequency of the
power factor corrector and the DC/DC converter. And if not, the second question is what is the ratio
between the switching frequencies of these devices that will give you a minimum level of electromag-
netic interference.

PFC can be implemented as passive, in the form of LC-filter, and active - in the form of a single-
step boost converter.

Literature data analysis and problem statement. The issues of reducing the conductive noise
created by the operation of DC/DC converters are considered in [1, 4]. They show that the high effi-
ciency of their reduction is provided by the technology of expansion of the spectrum of the switch of
the switch of power keys.

However, the question of the interaction of two converters connected in series, as well as the
choice and correlation of their parameters in these sources is absent. In addition, important issues such
as the impact of spectrum expansion on the efficiency of converters have not been addressed, since the
circuits of the converters include power keys that are the source of losses in a typical power source.

Depending on the choice of the operating frequency of the active PFC, the correction methods
can be divided into two types — high frequency (if the switching frequency of the corrector power key
is much higher than the frequency of the input network) and low frequency correction [5]. Currently,
high frequency correction is most often used, the main advantage of which is to reduce the dimensions
of the inductor and the converter as a whole, and the high frequency MOSFET transistors make it pos-
sible to implement this method with high efficiency.

The parameters of the PFC on the power factor are regulated by the normative document
EN 61000-3-2, and the level of interference created by any converters standard CISPR25.

The purpose and objectives of the study. Find ways to reduce conductive electromagnetic noise
generated by AC/DC converters by optimizing the parameters of the converters according to the effi-
ciency criteria created in the AC network of the nonlinear distortions and the noise level.

Since impulse energy converters contain not only the power factor corrector but also the DC/DC
converter, the design of such a device raises the problem of not only the high efficiency factor but also
the low electromagnetic interference generated by the two devices (Fig. 1). Investigation of such pa-
rameters as the level of generated electromagnetic interference (depending on the ratio of the switch-
ing frequency of the transducer power keys and methods of control signal modulation) and the effi-
ciency of the use of the blurring technology in different links of the pulse power supply will allow to
reasonably agree on the parameters of the DC correction parameter. DC/DC converter, to reduce the
level of electromagnetic interference at high values of power factor and efficiency.

Uin Urec Uprc Upc
Uac Input o . DC\DC Output |Uout DC
filter > Rectifier —  PFC converter [ ] filter
| = R
fu TUcom fio | Uconz

Control DC\DC

unitofthe | U control

PFC unit

Fig. 1. Functional diagram of a power source with a power factor correction without galvanic isolation
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Materials and methods of research. Power factor correctors are widely used in the construction
of power sources and allow to save about 30 % of energy through its more efficient use. The power
factor corrector is based on the DC/DC converter (Fig. 1), whose operation is provided by the control
unit of the PFC.

The phase difference between the current and voltage sianals is determined by the power factor
cos(¢). For power sources without correction, it is about 60 %, with passive correction up to
70...75 %, and when using an active pulse width modulation (PWM) can exceed 93 %.

Another important characteristic of the signal is the coefficient of harmonic distortion KG (in
THD - Total Harmonic Distortion), which is equal to the ratio of the rms value of the harmonics (ex-
cept the first) to the first harmonic. The shift of the current phase relative to the voltage phase and the
distortion of the current signal are caused by the presence of nonlinear elements in the pulse power
supply. This is basically the capacitance of the rectifier output. The presence of a large capacity at the
input of the power source leads to bursts of current consumed, which in turn leads to an increase in the
harmonic ratio. Therefore, a power factor correction is required to reduce the bursts of current con-
sumed by the sinusoidal peaks and ensure a uniform load on the network.

Pulse width modulation (PWM) in the control units of both converters is used to control the volt-
age at the output of the power source and its stabilization, which allows, by changing the duration of
the control pulses, to stabilize the output voltage. In order to stabilize the voltage, a voltage feedback
in each of the converters is introduced, and in the PFC converter also a current feedback. The ripple of
the output voltage is smoothed by the output filter.

In order to analyze the work of the PFC in LTspice XVII environment, a model of step-up con-
verter (Fig. 2) was developed, which works in the power factor correction mode.

SIMULATION SETTINGS MEASUREMENT DIRECTIVES

.tran 0 500m 200m startup .four 50 10 50 I(V1)

.model SW SW(Ron=0.1 Roff=1Meg Vt=0.5) .meas Pin AVG -I(V1)*V(AC L. AC_N)

.model D D{Ron=.1 Roff=1Meg Vfwd=.4) .meas Pout AVG I{(R1)*V(Upgc)

.meas eff param Pout/Pin
AC_L UREC_ - - Ll - Dl_ Uprc
D2 D4 4m D
=
B Uen D D
8 A . - 1 HRi
£ | |C U _sw : 200
CON1L + 77 & ™

§ o e . 0.1u (°r 500u

S L +LSub [ > _D3 |D5 Nt
& D D

2

? ACN [] L] L] n L]

Fig. 2. Power factor correction model

To accelerate the analysis process in the model shown in Fig. 2, idealized elements are used, the
parameters of which are not changed by current or voltage, but are set by the user. The beginning and
duration of the simulation process, as well as the start time of saving the simulation results, are speci-
fied by the .tran directive. The .model directives specify the key (SW) and diode (D) parameters. All
models of switches and diodes are perfect, ie their parameters are independent of the voltage applied to
them and the current flowing through them. The resistance of the open switches and diodes is 0.1
Ohms and the direct voltage drop is 0.4 V on the diode.

The .four directive allows you to perform a Fourier analysis for 50 Hz input signal 1 (V1) using
the first 10 harmonic components to be analyzed. The .meas directive determines the efficiency of the
converter by processing the output of the simulation. The result is assigned to the variable eff corre-
sponding to the ratio of the rms value of the power consumed by the load to the power consumed by
the AC network — eff = Poy/Pin.

The subtraction module (referred to as SUB in Fig. 2) is designed to control the voltage form of
the AC mains.
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The proofreader operates in the mode of continuous current (CCM — common conductive mode),
that is, in a mode in which during the operating cycle the current through the inductor does not have
time to fall to zero. This mode is selected for several reasons. Interrupt mode or limit control method is
used in low power sources and its feature is the variable switching frequency of the key which is influ-
enced by the output load and the input voltage. To determine the optimum ratio between the operating
frequencies of the PFC and the DC/DC converter, the former must have a constant switching frequen-
cy of the key, which is only possible in CCM mode.

The functional diagram of the PFC control unit, which also performs the function of stabilizing
the output voltage of the corrector, is shown in Fig. 3.

f1 > 2
Uprc Un Urec UpstxUiy Uwi
- + + +

Reference |Urv Uer Upst y Um Uwst Ucon
voltage —>{ X1 22— X 23 24 Comparatorf— =,
source + + + + +
_/|\U\L1 T
Current Ui LPF GPN
detector

Fig. 3. Functional diagram of the PFC control unit with output voltage stabilization

The PFC control unit is a first-order automatic control system. The control signal of the Uyst
modulator is formed by a system of proportional-integrating type (PI). The U;_ signal from the output
of the current detector (not shown in Fig. 2), which is connected in series with the inductor L1,
through a low-pass filter (LPF) that reduces the effect of harmonic components on the inverter output,
is fed to the input of subtractor £3. The input of the addition of the third adder receives a control signal
proportional to the error error Ugr, multiplied by the instantaneous value of the rectified voltage Uggc.
This leads to the fact that the pulse duration at the output of the converter depends not only on the er-
ror signal but also on the instantaneous voltage value of the network. Thus, the PFC draws more ener-
gy from the network when the network voltage increases and less when the network voltage decreases,
which leads to a decrease in the amplitudes of the harmonic components of the current consumed. The
component voltages entering the inputs of the third adder can be calculated by the formulas

Ugg =Ugy —U

PFC’
1
Upst =UEr +—J.UER (Hd (1),
Ty
Up =2 -ju- d(t)
iL 1+T2 iL1 1

where Ugr — the error voltage generated at the output of the first adder,
Ui — the voltage at the output of the current detector flowing through the PFC inductor,
Uprc — the output voltage of the corrector,
Ugrv — a reference voltage equal to the average voltage at the output of the PFC.
The voltage generated at the output of the third adder can be calculated by the formula:

1 1
UM(t) :(U ER +EJ.UER (t)dtjUREC _RJ‘UIL(t)dt’

where Ugec — voltage signal at the output of the rectifier,

T, is the time constant of the low pass filter LPF (proportional-integrating circuit).

The voltage generated at the output of the fourth adder and controls the operation of the pulse-
width modulator (PWM modulator) is calculated by the formula:
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1
1+T2

UMST(t):[UER +£fUER (t)dtj‘UREC_ fUn(t)d'“r
T1

1 1 1
+EJ‘((U ER +EJ‘UER (t)dtJ ‘Urec _HJ.UH (t)dt]dt,

where Ty, Ts — integrator time constants,

Uwmst(t) — modulator control signal.

The reference frequency is set by the pulse generator via the Tperiod parameter. The model of the
control panel of the RCP in the LTspice environment is shown in Fig. 4.

The pulse generator via the Tperiod parameter sets the reference frequency. The model of the
control panel of the PFC in the LTspice environment is shown in Fig. 4.

Control of current value
Control of voltage value Urec | UpstxUin,

N ) U — Umst+
H Sub | k|- - 1Sum ' e Sgb}-JK- = oL -J|5uﬂr|1 I MU = = FUcom
[~ L

DE I; K=0.2m il Ugri I Uner. i K=1 [T l Umi |
5 Is 2 Ts|
) T=20m B2 ) T=0.1m
V3 Ol TR 24
5 A s N
\—/ vl KeLT=300 _ _ VY
400 V1=0 V2=1 Tperiod={1/100k} tratio=1

Fig. 4. Model of PFC control unit with output voltage stabilization

The load resistance of the PFC during the study varied from 50 to 200 Ohms. Based on the meas-
urements, a graph of the dependence of the efficiency and the load resistance (Fig. 5) was constructed
at a switching frequency of the power key of 200 kHz.

As follows from Fig. 5, corrector efficiency decreases with decreasing load resistance. This is
explained by the increase in losses on the PFC open key resistance with increasing current, that is, by
reducing the load resistance, which is illustrated by the dependence of the efficiency on the resistance
at different values of the resistance of the public key Ron.

The coefficient of harmonic distortion of the input current during the experiment did not exceed
the value of 4 % (Fig. 6).

100 ‘ . -
Key Resistance Ron=1 Ohm 4.2 Key Resistance Ron=1 Ohm____

Ron=0.1 Ohm— — Ron=0.1 Ohm— —

©
©
>
o

—
—_—

y - - T /‘/
| _ =T

\

Efficiency, %
[{e]
=l

96 / 34
95 3.2
94 3.0
50 100 200 50 100 200
PFC load resistance, Ohm PFC load resistance, Ohm
Fig. 5. The dependence of the power factor corrector Fia. 6. The dependence of the harmonic distortion
efficiency on the load resistance at a switching coefficient of the current of the corrector network
key frequency of 200 kHz on the load resistance at a switching frequency

of 200 kHz key

The forms of voltage and AC signals are shown in Fig. 7.

Table 1 shows the results of measuring the parameters of the PFC when changing the voltage of
the AC network.
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420V V(uac) Table 1
280V
140V \ The dependence of the parameters of the power factor
oV ' corrector on the voltage of the AC network
-140V \/ ; The
-280V . coefficient
-420V
6A 1(v1) Input  |Power|_ .. . of | PFC jOutput
- Efficiency,| harmonic | Output | current
4A voltage, |factor, o di . | f
2A \ : v % % istortion |voltage, |of PFC,
of the \Y A
0A network
) | O A O SO WY ] N | . current, %
—g': - [ 400 | 995 | 986 6.2 400 4
Oms 20ms 40ms 60ms 80ms 100ms 200 350 1997 ] 98.1 4.7 400 | 4
312 99.8 97.4 3.76 400 4
Fig. 7. Forms of voltage (top) and current signals 220 | 99.9 93.7 1.8 400 4
at the input of the PFC 170 | 99.9 87.5 1.0 400 4
128 99.9 74.0 1.0 400 4

The conducted researches allow to make a conclusion about efficiency and high efficiency of the
offered model of PFC in a wide range of change of input voltage. Given this, it is possible to proceed
to the analysis of the conductive noise created by the corrector in different modes of operation.

In Figs. 8 and 9 show the input current spectra at 200 and 50 kHz switching frequency and 100
Ohm load impedance. In order to properly compare the effect of operating frequency on the level of
electromagnetic interference, it is necessary to change the value of the inductance L1 when changing
the switching frequency. The coil inductance values for each frequency-change experiment are calcu-
lated in the Power Stage Designer Tool environment.

20dB——— 1(v1) 20dB 1(V1)
odB| |- 0dB Dol
-20dB| b —o0dBY b E Ll i
~40dB} o ; IR BRE L EARHE (RRAEECRRRR W)
—60dBl AN b L L | ] soasl b
—80dB L i b b . —sodBl . . oL i
-100dB | —100dB} - - R i & .
-120dB : AL SRR
_140dB B o705 () ERESETEUREERIETSE = TNEIE NSRS FNE S R W |
-160dB{ P i [ —140dB :
18008 e e e —1600B Liimimrrrrrim— ittt —rir i
10Hz 100Hz 1kHz 10kHz 100kHz 10Hz  100Hz  1kHz 10kHz 100kHz
Fig. 8. Spectrum of signal of current of network I (V1)  Fig. 9. The current signal spectrum of network I (V1)
at operating PFC frequency 50 kHz and inductance at an operating PFC frequency of 200 kHz
L1=4mHn and inductance L1=2mHn

The simulation revealed that the change in the operating frequency of the PFC has virtually no ef-
fect on the efficiency and power factor. Comparing the graphs of the spectra in Figs. 8 and 9, it can be
concluded that an increase in the switching frequency of the PFC power switch leads to a decrease in
the level of spectral components in the low-frequency region of the spectrum, and this parameter
should be optimized when designing power sources with low electromagnetic interference.

Since the envelope of the conductive noise spectrum decreases with increasing frequency, and the
largest amplitude components of the spectrum are created in the PFC (because it is closer to the input
from the AC network), it is advisable to switch the frequency of the power factor corrector keys in the
frequency range where the spectrum is interference is significantly reduced.
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20dB
0dB
—20dB

—40dB| - e

1(vV1)

eoaBl -

-80dB
-100dB
-120dB
-140dB
-160dB

-180dBL

10Hz 100Hz 1kHz 10kHz 100kHz |

Fig. 10. Spectrum of current signal of network |

(V1) at PFC operating frequency 600 kHz and

2

SINE(0 {220*sqrt(2)) 50)

inductance L1=1 mH

SIMULATION SETTINGS

tran 0 500m 200m startup
.model SW SW{Ron=1 Roff=1Meg Vt=0.5)
.model D D(Ron=.1 Roff=1Meq Vfwd=.4)

Fig. 10 shows the spectrum of the current signal
at PFC operating frequency of 600 kHz, confirming
the advanced assumption. The level of the highest
component above the frequency of 1 kHz decreased
by 5 dB.

The PFC model was supplemented with a DC /
DC converter (Fig. 11). All experiments were con-
ducted under the same conditions, namely, with the
equivalent of a single-phase network according to
the CISPR-22 standard at an effective voltage of the
AC 220V.

The voltage at the output of the source is 140 V
and the load current is 4 A. The voltage pulsations at
the output of the down converter are about 0.4 V.

Functional diagram of the control unit down-
shift converter is shown in Fig. 12.

MEASUREMENT DIRECTIVES

four 50 10 50 I(V1)
.meas Pin AVG -I{V1)*V(AC L. AC_N)
.meas Pout AVG I(R2*V{Uqr)

.ic V(DC_P)=140 .meas eff param Pout/PFin ow
P — oy . . Sz "
20*sqt(2)V AC L1 b1 400vDC 2% L2 140V DC
AC_L A3 - R4 Urec - - AL N UP§C [N e w Uour
Uac 50u im 02 o4 3m D P 3,0m
g 7 DE cz
2 7 | 4 m2
" c4 |cs o o S D Sou 735
1u 0.1u » 3 L sw [t R
. o1 Ucom)- ’ /\ soou | 1Med
D3 D5 F e
L r3 VAN
1K D D
ACN " L | [ ] - L ] " L ] " - =
-
Fig. 11. Model of power supply with PFC and DC converter
Ups j} ———
UM\l
—J/ +v
Reference |Urv Um Uwsti Uconz
voltage x5 6 Comparator =
source + +
GPN

Fig. 12. Functional diagram of the control unit reducing the voltage converter

The PWM signal that controls the power key S2 of the power source Ucon: (Fig. 10) is generated
at the output of the comparator, one of whose inputs is a signal from the output of the sawtooth gen-
erator, and the other is a signal from the feedback loop Uwst:. The voltage generated at the output of
the sixth adder and controls the operation of the pulse-width modulator (PWM modulator) is calculat-
ed by the formula:

EHEPTETHUKA



ISSN 2076-2429 (print) . . N 75
ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 3(59), 2019

UmsTi (t) =Umi (1) +1J.UM1(t)d(t),
Ta

where T, — time constant of the third integrator of the control unit of the step-down converter.
The carrier frequency of the PWM signal is set by the parameter Tperiod of the pulse generator
(Fig. 13).

Control of voltage level

U U
RV1 +|_|Sub Ml |_| MST1 + — = UCONZ
Uom |< 10m - .
V5 mi u18
T=1m
140 V1=0 V2=1 Tperiod={1/100k} tratio=1

Fig. 13. Model of the control unit of the step-down converter

To study the effect of the switching frequency of the DC converter on the level of conductive in-
terference propagating to the AC network, a fixed switching frequency of the PFC 600 kHz switch
was selected, and the switching frequency of the DC switch was varied from 50 to 600 kHz at a fixed
resistance of 35 Ohms.

The level of conductive interference was estimated by the level of the highest components in the
spectrum of conductive interference, which lie in the frequency range above 1 kHz (Fig. 14).

The dependence of the level of the spectral components of the conductive interference on the
switching frequency of the downconverter at a fixed PFC switching frequency key of 600 kHz is
shown in Fig. 15.
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Fig. 14. Spectrum of the current signal of the network Fig. 15. The dependence of the level of the spectral
at operating frequencies of PFC 600 kHz and the components of the conductive interference on the

downconverter 100 kHz switching frequency of the downconverter at a fixed
PFC switching frequency key of 600 kHz

From the graph in Fig. 15, it follows that a change in the switching frequency of the downcon-
verter key has virtually no effect on the level of conductive interference and may be selected based on
design requirements or the presence of an element base.

From [4] it is known that the use of spectrum blur technology can reduce the level of spectral
components of conductive noise. For the use of spectrum blurring technology in the downconverter
and in the PFC, the pulse generators have been replaced by frequency modulated signal generators
with harmonic carrier frequency.
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Only a harmonic signal is provided as a modulating signal in the LTspice environment. But, as
shown in [4], the efficiency of the blurring of the spectrum does not depend on the form of the modu-
lating oscillation. For the experiments, a modulation frequency of 2 kHz was selected. The modulation
index varied from 2 to 20.

In the study of the effect of the blurring of the spectrum of the signal of the control of the power
key in the downconverter, the spectrum with the lowest spectral components at the values of themodu-
lating oscillation frequency of 2 kHz and the modulation index 10. The result is shown in Fig. 16.
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Fig. 16. Spectrum of the current signal of the network at the PFC operating frequency of the 600 kHz and the
frequency of the downconverter 200 kHz with a blur of the spectrum (a) and without blur (b) in the down
converter

Comparing the spectra in Fig. 16 a and 16 b, it can be concluded that the blurring of the spectrum
led to a decrease of the spectral components in the low-frequency part of the spectrum (from 1 to
10 kHz) by approximately 6 dB, and in the 80 kHz region the level of the components increased by
10 dB.

As the modulation index decreases, the level of the spectral components of the interference in-
creases, and the increase of the index does not lead to changes in the interference spectrum. At a dif-
ferent frequency of the modulating signal, the modulation index, which is optimal in terms of the level
of conductive interference, will also change. It is impossible to calculate the modulation index at the
selected frequency in such a complex system. Therefore, it should be found at the simulation stage
experimentally. A similar study was conducted to test the effectiveness of spectrum blurring in the
PFC. The downconverter in this experiment operated at a fixed switching frequency of 200 kHz. The
best result was obtained with a modulation index of 5 and a frequency of modulating oscillation of
2 kHz (Fig. 17).

Comparing with the spectrum in Fig. 16 b (without blurring the spectrum), it can be concluded
that the interference components of the interference spectrum decreased by about 5 dB in the low fre-
guencies, and in the high frequencies the level of the components increased by 4 dB. Using the
frequency modulation parameters obtained in the previous experiments, we simulated the operation of
a power source with a blurring of the spectrum at both its nodes. The simulation results are shown in
Fig. 18. Comparing the obtained spectrum with the spectrum in Fig. 16 a, it can be concluded that the
efficiency of the use of the blur spectrum in both nodes of the power source is about the same as when
using the blur spectrum only in the downconverter.

To analyze the influence of the ratio of switching frequencies of the keys of the PFC and the
downconverters using the technology of blurring spectrum only in the converter conducted a number
of experiments, the results of which are given in Table 2.
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Table 2

The dependence of the relative level of conductive noise on the switching frequency of the key in the
downconverter when using spectrum blur technology

PO%vvglrt(];‘Qé?grfrequency, kHz The level of the first The level of the hiahest The relative level
corrector Transformer harmonic current of the | amplitude component of the of conductive
(PEC) AC network, dB spectrum above 1 kHz, dB noise, dB
100 -44 -52.3
200 -46.7 =55
600 400 8.3 50 583
600 =52 —60.3
100 -48.7 =57
200 -51.2 -59.5
400 400 8.3 525 60,8
600 =54 -62.3
100 -44.9 -53.2
200 -46.5 -54.8
200 400 8.3 51 59.3
600 -53.7 —62
Based on the data of the Table 2 shows graphs
of the relative level of conductive interference on —40
the switching frequency of the DC / DC converter E% ‘
key (Fig. 19). The first harmonic current of the AC 5 £ 50
network is assumed to be 0 dB. S T frrc=000 ke
Research results. From the Table 2 of thedata g2 L | fore200 iz
it follows that when using the blurring of the spec- g; -60 T : —
trum of the key control of the downconverter, there Eg forc=400 kHz !
is a pronounced dependence of the relative level of £ 2 0 \
conductive interference on the ratio between the _750 200 400 600

switching frequency of the keys in the PFC and the
downconverter. The best results are obtained pro-
vided that the switching frequency of the converter
is higher than the switching frequency of the key in
the PFC. In all experiments, the conductive interfer-

Switching frequency of the inverter key, kHz

Fig. 19. Dependencies of the relative level of
conductive noise on the switching frequency of the

DC/DC converter key
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ence level was evaluated relative to the main harmonic current level of the 220 V/50 Hz of
AC network.

Conclusions

The conducted researches allow to conclude that the level of conductive interferences created by
a pulsed AC / DC converter depends both on the switching frequency of the PFC power key and on
the ratio of the switching frequency of the PFC power keys and the downlink DC/DC converter.

Selecting the switching frequency of the PFC power key is advisable in two steps. In the first
stage, a low switching frequency of the key is set, but not lower than 40 kHz (this is due primarily to
the requirements for the mass and dimensions of the PFC inductor coil) and the spectrum of current
consumed from the AC network is measured. In the second step, the switching frequency of the key is
set in the downward region of the current spectrum, and several iterations of such an experiment are
performed to obtain a minimum level of conductive interference.

In order to reduce the level of conductive interference, it is advisable to use the frequency spec-
trum blurring technology of the signal that controls the transducer key. The choice of modulation in-
dex should be made according to the criterion of the minimum level of conductive interference in the
low-frequency part of the spectrum.

It is impractical to use spectrum blur in the power factor correction because of poor efficiency.

The choice of switching keys frequency of the PFC and converter should be made by modeling at
the given power source parameters to minimize the level of conductive interference when using spec-
trum blur technology in the converter. The most significant results can be obtained if the converter
power switch frequency is greater than the power factor correction key switch frequency. If the blur-
ring of the spectrum is not used, the level of conductive noise is almost independent of the frequency
ratio, but it is 8...10 dB higher than in the presence of spectrum blurring.

The use of the proposed methods of minimizing the level of conductive interference can reduce
their level by 15...20 dB relative to the interference level of the AC / DC converter without the use of
spectrum blur technology and optimization of the switching frequency of the PFC and DC / DC con-
verter keys.

Prospects for further research. With the optimal choice of pulse power supply parameters from
the point of view of the level of conductive noise created by it, it is advisable to study the dependence
of the level of conductive noise and the efficiency of the source on the speed of switching power keys.
The existence of such dependence is known from the publications of Analog Devices. This depend-
ence is nonlinear and has a pronounced minimum of noise at high efficiency. This will reasonably
form the requirements for the parameters of the transistors used in the power source.
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