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Abstract; When the traditional LLC circuit operates at the lowest gain, the switching frequency is the
highest and the loss is usually the largest. Therefore, it is worth studying to optimize the switching tube
efficiency in low-gain mode. The analytic function between switching-off current /; and inductance ratio
k, normalized frequency f, and quality factor () was built by time domain analysis method. Taking I ; x f.
as the characteristic parameter to characterize the switching-off loss of the switching tube when the LLC
circuit operates in low gain mode, and then the specific expression of the turn-off loss of the switching
tube was derived. Then, two four-dimensional graphs, [ ,,k,Q,f,] and [ Q,, .s,%k,Q,.f,] were con-
structed to analyze the law between the parameters. Under the three constraints of voltage gain, switching

tube ZVS on and minimum switching frequency, the value of [ k,Q,f, ] which makes Q_, _ optimal was
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derived. Then differential evolution algorithm was used to solve the [ k,Q,f, ] of the optimal switching-off

loss in low-gain mode. Finally, a test prototype with 100 V input, 70 — 130 V output, load resistance

14 —48.4 Q and constant power 350 W was designed, and compared with the method of reference[ 14 ],

which established the analytical expression of switching-off loss according to the characteristics of switc-

hing-off process. The transmission efficiency of the proposed method is 1. 1% higher than that of the com-

parison method in low-gain mode. In high-gain mode, the efficiency is improved by 1.4% . Compared

with the methods mentioned in the literature[ 21 ], the efficiency of the proposed method is increased by

1.3% and 2. 1% in the low-gain mode and the high-gain mode, respectively. The effectiveness of the

proposed method in reducing the turn-off loss of the switching tube and improving the efficiency of the

converter is proved.

Keywords: full-bridge LLC resonant converter; switching-off loss; optimization design; time domain a-

nalysis; differential evolution algorithm; wide range output
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