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High Efficiency Boost PFC Converter
based on Model Predictive Current Control

HyeonJoon Ko

Faculty of Applied Energy System
Electrical Engineering Major
The Graduate School
Jeju National University

Abstract

Nowadays, electric vehicles (EVs) are gaining rditt®y as an alternative
internal combustion engine vehicles that use fiadl fossil fuels, driven [
environmental regulations and the move towards rdéecszation. Simultaneous
demand for EV charging devices is growing as a keynponent of the elect
vehicle market. Especially for charging purposdse tnboard charger is equip
with an AC/DC converter, and the power factor catiom (PFC) converters are u:
as AC/DC pre-regulators. The main purpose of a RfeGverter is to reduce t
input current harmonics and achieve a high powettofa and high efficienc
Accordingly, research on current shaping and switchloss improvement is bei
actively conducted for the original purpose of PE@nverters. However, the cont
method of the conventional boost PFC converter ®dapfixed switching frequenc
so it is limited in improving the switching lossn laddition, distorted current occ
under distorted voltage, which degrades convertgfopmance.

Therefore, this paper proposes a boost PFC cemvedsed on model predict
current control to achieve both improved efficieneynd robustness against volt
distortion. The control method of the conventiobalost PFC converter adopts a fi

switching frequency, so it is limited in improvinthe switching loss. The propo:



method operates with a variable switching frequebegause it predicts the induc
current based on a cost function and then conitolgvhen this method is applied,
switching frequency is reduced near the peak weltafpere the current is the high
so it is facilitated to improve efficiency. In atdn, since it detects the frequency
the input voltage and generates a sine wave igrni& is robust against volta
distortion. The proposed method confirmed the ifatibn of efficiency improveme
compared to the conventional predictive current enodontrol. To verify th
effectiveness of the proposed method, simulation aHIL (Hardware-In-the-Loop) tes
are performed using PLECS RT-box. In addition, erpent is conducted |
configuring an experimental setup of a 3.3kW boBSIC converter based on the

power module
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Table 4.1 Electrical

Parameters of the PFC converter

Symbol Quantity Value [Unit]
v, RMS input voltage 220 V]
v, Output voltage 380 [V]
/s Input frequency 60 [Hz]

I samp Sampling frequency 50 [kHz]
L Boost inductor 5 [mH]
C Load capacitor 1500 [F]
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Fig. 4.6 Waveforms of MPCC PFC: (a) 20% load and (b)
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4.2.2 2% A3}

| Load Stagé

Digital — &
Controller pms
1 |

Fig. 48 Test setup for boost PFC converter experiments.

Table 4.2 Experimental Components of the PFC converter

Stage Components Specification
Rectifier Bridge Rectifier 600V, 60A, VBE 60-60A
Half-Bridge SiC 800V, 24A, PBE8024
Power Module (1200V, 36A,
PFC (MOSFET&Diode) C2M0080120D)
Boost Inductor 5mH, 195G30
_ 33uF, 500V,
Load capacitor
ALS30A331DF500
Load
Resistor 180 Ohm, CJP1000J180RJ
Controller | Digital Controller | Imperix : B-Box RCP 3.0
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