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[Abstract]

In this paper, the inductor current distortion in a boost PFC (Power Factor Correction) converter
under light load is mathematically analyzed, and its reasons are defined. In the average current mode
control under light load, the inductor current is discontinuous, resulting in an inaccurate inductor current
average value being reflected in the current control. In predictive current mode control, the current
ripple is relatively large compared to the inductor current, leading to severe current distortion. In
addition, the switch is turned off near the peak of the inductor current when model predictive current
control is applied. Inductor current distortion must be addressed because it leads to an increase in total
harmonic distortion and a decrease in power factor. In this paper, the design procedure to mitigate the
light load current distortion in boost PFC converter is selected based on the mathematical analysis.
Finally, a comparative analysis of control methods wunder light load is performed using

hardware-in-the-loop simulation.
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I. Introduction
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II. Boost PFC Converter Modeling

1. Boost PFC converter principle

Fig. 1. §AE PFC ZiH{E] 571225 UEpdch 224
E PFC 78lH S71elzs wi 4 AlY, tojet B3
Al 22]1 BAE FAWE R P of7] LS L,
DEHo|eE, Ce AAMAIE], R AY, v, v U iF

o = ;
A, V28R 9 A 0,

oAE AR i, 38 AR V.

J A D
Ipans! P
A A i I,
+ + : +
Ve Vi s Ik CrRrR2T,
_ i 4
Fig. 1. Boost PFC converter circuit.
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Fig. 3. Boost PFC converter control diagram
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2. Boost PFC converter controller dseign
2.1 Average current mode control
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2.2 Predictive current mode control
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2.3 Model predictive current control
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ITI. Analysis and Solution for Current
Distortion under Light Load

1. Current distortion of average current mode
control
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3. Current distortion of model predictive
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Fig. 9. Case 1 simulation result: (a) average
current mode control (b) predictive current mode
control (c) model predictive current control
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Table 1. Parameters of boost PFC converter
Symbol Quantity Value

P Rated Power 500 W
Vi, Input Voltage 220V, .«
Vou Output Voltage 380V,
C Output Capacitance 380uF
L Inductance Depend on

. simulation
S w Switching Frequency case

Table 2. Simulation case

Inductance Switching Frequency
Case 1 1mH 30kHz
Case 2 2mH 50k Hz
Case 3 3mH 100k Hz
T . ref
3s
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0.0+ ; i ; )
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Time [s]
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Fig. 11. Case 3 simulation result: (a) average
current mode control (b) predictive current mode
control (c) model predictive current control
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Table 3. Simulation results of ACMC

Inductor Inductor
Current Current Ripple
Fig. 9 4.48A 3.14A
Fig. 10 3.68A 0.97A
Fig. 11 3.40A 0.35A
Table 4. Simulation results of PCMC
Distortion/Peak Peak
Current Ripple Current
Fig. 9 3.01A/1.88A 4.23A
Fig. 10 0.89A/0.57A 3.32A
Fig. 11 0.66A/0.19A 3.26A
Table 5. Simulation results of MPCC
Inductor Inductor
Current Current Ripple
Fig. 9 6.91A 6.91A
Fig. 10 5.03A 3.54A
Fig. 11 3.86A 1.16A
Fig. 12%= case 15E 371X]Q] THDQ] ZAutoltt. case
H Algdold ZuE FHoNEY, Lyt £, 7 B
= Qe AR 9Ro] Z4sty, THDZE Zadich &
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80
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60
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o 40 4
&
12.46%
20 32.98% 13.67%
" 6.19%
\I 1.40% —3.72%

casel case2

== ACMC =#==PCMC e==NPCC

Fig. 12. THD comparison of 500W

V. Conclusions
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