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Abstract

With the development of the electrical industry, AC-DC power converters are
being used in various fields, and power factor correction is especially important in
high-power applications. Accordingly, boost Power Factor Correction (PFC)
converters are widely used, but conventional boost PFC converters using diode
bridges have the problem of significant conduction losses. To solve this problem,
various bridgeless PFC converters have been proposed, however the early versions
had poor Electromagnetic Interference (EMI) characteristics due to Common Mode
(CM) noise, and with continued development, totem-pole bridgeless PFC converters
have recently attracted attention. In addition, for unity power factor correction in
boost PFC converters, average current mode control and interleaving methods are
commonly used. However, these methods have drawbacks such as slow dynamic
response, complex implementation, and vulnerability to input voltage distortion.
Consequently, Model Predictive Control (MPC) technique has gained recognition. In
this paper, a variable sampling time interleaving method based on Finite Control Set
Model Predictive Control (FCS-MPC) is proposed to enhance the current shaping
capability, power conversion efficiency, power density, and current ripple reduction

in totem-pole bridgeless boost PFC converters.



The proposed method is based on FCS-MPC and has the advantage of being able
to include nonlinear constraints among MPC. However, the ON/OFF switching of the
switches is determined through model-based cost function comparisons, resulting in a
variable switching frequency without the need for a separate modulator. Therefore, it
is difficult to apply the conventional interleaving method using the phase shift of the
existing Pulse Width Modulation (PWM) carrier wave. Accordingly, in order to
reduce current ripple, a method was proposed to generate independent switching states
for the two phases by varying the sampling time of the Model Predictive Current
Control (MPCC) for single-phase current control. The proposed method was verified
through real experiments on a 3.3kW totem-pole bridgeless boost PFC converter

prototype.
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Fig. 2.10 Voltage-current control block diagram and circuit of

totem-pole bridgeless boost PFC converter.
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Table 3.1 The interval of B one period according to the switching state of the two

phases in 4.
(3.11), (3.12)
Case 4 1 A 2
1 (D~ (m—1)Ds}C DméC 1__(75:3;5 c
2 {D—(m-1)5}C {_(Efn__lffD}c DmsC 1__(72:3? C
3 {(D—(m-1)s)C {_%n__lffD}c pmic {1 P De
4 (D~ (m—1)Ds}C DméC 1__(75:3;5 c

5 {D—(m—1)5)C {_%n__lffD}c {(1—D)—(m—1)1—-D)s}C

6 {D—(m—1)5}C {(”H” }c (1= D)= (m—1)1-D) §}C

—(m—1)D
7 {D—(m—1)Ds}C {0—D)—(m—1)1—-D) §}tC
8 {D—(m—1)Ds}C {—D)—(m—1)1—-D) §}tC

(3.13), (3.14)

Case 3 3 HE 4
1 DmdC (1-D)méC
2 DmdC (1-D)méC
3 DmsC (D-Dm8)C  (mé—D)C
4 DmsC (D-Dm8)C  (mé—D)C
L e some
6 +(£5_+1)1§_1C i}?(@:l&gc (D—Dm&)C  (mé—D)C
7 +(£5_+1)1§_1C i}?%:%gc (D—Dm&)C  (mé—D)C
L [ e
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Bel 54 e e Ao A7 ta 2ol 7R i

case 1 : B9 A WA F7]¢ 7+A4

case 2 : DB<méC Y W B2l 7+2A

case 3 : BAlA @A F719 Cc¢ & F719 7} EAstE B 1+A
o] W], D¢ WY D<0.50]2 méC ¢ DC+= sHlsF BA 7L okt
case 4 : D<0.59]31 DB<m§C<(1—D)BY W B9 3t4

case 5 : Bl @A F719 Cc¢ & F719 7} EAstE B 1+A
o] W, D¢ WY D>0.50]3 méC e DCE= ¥l BA 7L ofUt}
case 6 : D>0.59]31 DB<m§C<(1—D)BY W B9 3t4

case 7 : (1-D)B<méC<¥ wj BY 7+A

case 8 : BE| mpAE} F7]¢] 1+A4

714 DCE C9 FEH DE onso),
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Table 4.1 Electrical parameter of the PFC converter.

Quantity Value
Input Voltage 220 [Vims]
Line Frequency 60 [Hz]
Output Voltage 380 [Vdc]
Load Resistance 46 [Q]

Sampling Frequency 50 [kHz]
Input Inductance 2.5 [mH]
Output Capacitance 1000 [uF]
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Fig. 4.2 Simulation waveform of the input voltage and input current.
(a) Without Applying the proposed interleaving method,
(b) With applying the proposed interleaving method.

_38_



42 4% A3 2 £4

AlEgol A Ayel AQkst 7|He Aes& AFTsH7] fs| Fig. 4.33 o]
3.3kW EFIZ Balxg]s BAE PRC AWE TR EEYS AEste] A8S 2

e

ok Aol ARSE iR AlEdoldy sdst, AlEdelde Fal

wg, AL e 45 vaels] A8 PWM wgste) 9o
sh4 50kHze) W@ AF 2= Ale] 7wt
W BAE SR Fig 445 AR 1HS 489 499 4884 e

—1 O
Aol e AR i, 7 24kl AYH AFiy , il FFES 5o

.

£ &l

[JO
o
Au)
ok
kol
A
il
-
[ﬁ
_0|L
rir
[»
Ho
oNt
N

!,

.

FN

Fig. 4.3 Experimental setup of totem-pole bridgeless boost PFC converter prototype.
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Fig. 4.4 Experimental waveform of model predictive current control for PFC.
(a) Without applying the proposed interleaving method,
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Table 4.2 Ripple rate of input current.

Without Proposed Conventional
Conditions
interleaving method method
Peak-to-Peak
100 76.1 72.5
Value Rate (%)
Average
100 51.3 53.4
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Fig. 4.6 Measurements of the power factor at different load conditions.
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