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Variable Universe Fuzzy PI Predictive Control for Novel
On-board Charging DC-DC Converters
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Abstract: Aimed at the problems in traditional on-board charging DC-DC converters such as a narrow soft
switching range, poor dynamic response and rectifier diode voltage spike, a novel wide-range soft switching
full-bridge converter is designed, and a double-closed-loop control strategy combining variable universe fuzzy PI
with model prediction is adopted. First, the working mode of the novel full-bridge converter is analyzed, and its
simplified state space average model is established. Second, model predictive control is used in the current loop,

and compensation improvements are made to obtain the predictive expression of inductance current at the time
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point of k+2, thereby improving the large time delay of an
actual system. Third, the control of voltage loop is changed
to the transform domain fuzzy PI control with fuzzy
universe self-adaptation, so as to optimize the system
adaptability and improve the control precision. Simulation
results show that the soft switching range of the novel
converter is extended to 30% of load, and the rectifier
diode voltage spike is also eliminated. Under sudden
changes in load, the proposed control strategy reduces the
output voltage regulation time by 17.8% and 25.6%, as well
as 12.9% and 9.1%, respectively. Finally, the effective-
eness of the proposed topology and control strategy was
verified by experimental results.

Keywords: DC-DC converter; wide soft switching range;

variable universe fuzzy PI; model predictive control
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