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Digital Current Control Scheme for Boost Single-Phase PFC Converter

Based on Virtual d—q Transformation

Kwang-Woon LeeT and Hack-Jun Kim'

Abstract

A digital current control scheme using virtual d—-q transformation for a boost single-phase power factor
correction (PFC) converter is proposed. The use of virtual d—q transformation in single-phase power converters
1s known to improve current control performance. However, the conventional virtual d-q transformation-based
digital current control scheme cannot be directly applied to the boost single—phase PFC converter because the
current and average voltage waveforms of the inductor used in the converter are not sinusoidal. To cope with
this problem, this study proposes a virtual sinusoidal signal generation method that converts the current and
average voltage waveform of the inductor into a sinusoidal waveform synchronized with the grid. Simulation

and experimental results are provided to show that the virtual d-q transformation-based digital current control
1s successfully applied to the boost single-phase PFC converter with the aid of the proposed virtual sinusoidal

signal generation method.
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Fig. 1. Circuit and control system structure of a boost
single-phase PFC converter.
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Fig. 2. Simplified block diagram of current control system.
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Fig. 3. Simplified block diagram of voltage control system.
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Fig. 4. Block diagram of the proposed grid angle detector.
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Fig. 5. Block diagram of the virtual d-q axis current
generator.
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Fig. 6. Block diagram of virtual d-q axis based current
control system.
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Fig. 7. Simulation result for the grid angle detection. (a)
Output voltage of diode rectifier, (b) Square of wv,,, (c)
Output signals of BPF and APF, (d) Phage angle of input
voltage.

TABLE 1
SIMULATION PARAMETERS
Parameters Value
L (inductance) 2.18 [mH]
R (ESR) 0.1 [ohm]
PWM frequency 18 [kHz]
Bandwidth of current controller 600 [Hz]
Input grid voltage 220 [V]
QOutput voltage 380 [V]
Bandwidth of voltage controller 10 [Hz]
Output power 24 [kW]
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Fig. 8 Simulation result with the proposed current
controller. (a) Input voltage, (b) Phase angle of the input
voltage, (c) Inductor current, (d) Virtuala-8 axis currents
and virtual d-q axis currents, (e) a-axis voltage command,
(f) Voltage command of the inductor.
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Fig. 9. Simulation result with PI type current control
method. (a) Input voltage, (b) Current response, (c) Voltage
command of the inductor, (d) Duty ratio.
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Fig. 10. Simulation result with the proposed current control
method. (a) Input voltage, (b) Current response, (¢) Voltage
command of the inductor, (d) Duty ratio.
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Fig. 12. Experimental result with PI type current control
method. (a) Inductor current command and current
[10A/div], (b) Duty ratio, (c) Voltage command of the
inductor [25V/div].
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Fig. 13. Experimental result with the proposed current
control method. (a) Inductor current command and current

[10A/div], (b) Duty ratio, (c) Voltage command of the
inductor [25V/div].
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