ISSN 1975-8359 [Print] / ISSN 2287-4364 [Online]

https://doi.org/10.5370/KIEE.2024.73.7.1190

The Transactions of the Korean Institute of Electrical Engineers, vol. 73, no. 7, pp. 1190~1197, 2024

A Study on the Improvement of Stability Through Improved PLL Control

Techniques Based on PFC and LLC Topology With Integrated Transformer
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Abstract

This paper presents an enhanced Phase-Locked Loop (PLL) method using the Goertzel algorithm to improve the performance of
Power Factor Correction (PFC) and LLC resonant converters. By eliminating the current sensor at the DC-link capacitor and

allowing the LLC converter to operate within the PFC converter's frequency range, the new method ensures efficient Zero Current

Switching (ZCS). Experimental and simulation results demonstrate that our approach significantly improves the power factor

compared to conventional methods. This solution simplifies the circuit design, reduces overall costs, and increases system reliability.
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4.1 Boost Bridgeless PFC Converter
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Table 1 Integrated transformer parameter

Parameter Value

PFC Inductance (LBoost) 1.2 mH
LLC 1st Self-Inductance (L1st) 1.058 mH
LLC 2nd Self-Inductance (L2nd) 1.485 mH
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Fig. 9 PFC, LLC 2-stage circuit simulation on PSIM
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Table 2 Grid power frequency component

Parameter Amplitude phase
Fundamental wave (60 Hz) 30733 V 0°
3rd harmonic (180 Hz) 051V 80.3°
5th harmonic (300 Hz) 239V -52.5°
7th harmonic (420 Hz) 3.06 V 11.7°
9th harmonic (540 Hz) 175V 122.8°
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Fig. 10 Conventional PLL simulation waveforms
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Table 3 Experimental parameter

Parameter Value
Input power Voltage : Vg 100 Vrms
Resonant frequency : fr 61.58 kHz
Out maximum power : Pout 300W
H 4 Mg M¥ oziolg
Table 4 Situation I experimental parameter
Parameter Value
PFC Convert ting fr band :
onverter operating frequency ban 5 Kk ~ 40 kilz
fPFC
LLC Converter operating frequency : fLLC 50 kHz
DC link Capacitor Voltage : VDC 160 V
LLC output Voltage : Vout 50 V
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Table 5 Situation II experimental parameter

Parameter Value
PFC Converter operating frequency band :
5k ~ 50 kHz
fPFC
LLC Converter operating frequency : fLLC 41 kHz
DC link Capacitor Voltage : VDC 140 V
LLC output Voltage : Vout 30V
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