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Abstract: As a mainstream high-efficiency DC-DC converter, the LLC resonant converter faces an issue of a
narrow voltage regulation range, and a hybrid modulation technique combining pulse frequency modulation (PFM) and
phase shift modulation (PSM) can effectively broaden the voltage regulation range. However, a single proportional
integral (PI) controller cannot adequately balance the system stability and responsiveness in the two operating modes.
Aimed at this problem, a hybrid modulation adaptive control strategy for the LLC converter is proposed. First, a
small-signal model of the LLC converter in PFM and PSM modulation modes is established using an extended
describing function method. Then, a model correction algorithm is developed with an objective of unanimous rate of
change of the model gain, so as to obtain a unified model of the LLC resonant converter. Furthermore, based on this
unified model, adaptive PI controllers are designed considering input voltage and load current, thus realizing the stable
performance and dynamic response of the converter across the entire load and input ranges. Finally, the effectiveness of the
proposed adaptive control strategy was validated by the construction of a simulation model and an experimental platform.
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