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Optimal Design of High-Frequency Transformer for LLLC Resonant

Converter based on NSGA-II Algorithm for Accelerated Design Time
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Abstract
This paper proposes an optimal design method to minimize the volume and losses of the frequency converter for achieving high
efficiency and high density in LLC resonant converters. Specifically, we focus on reducing the volume and losses of the
high-frequency transformer, utilizing the Non-Dominated Sorting Genetic Algorithm II (NSGA-II) for this purpose. The proposed
method, in contrast to global search methods exploring all possibilities, efficiently acquires Pareto Set values using NSGA-II, thereby
reducing design time. The design process was conducted using Matlab, and the results obtained from applying the algorithm were
compared with those from global search in terms of design time and accuracy. Additionally, the optimal design points were

validated through experimentation.
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Table 1 Design Parameters

Parameter Value
Output Power (£)) 500[W]
Resonant Frequency (f,) 300[kHz]
Turn Ratio (n,/n,) 1.5
Magnetizing Inductance (Z,,) 30[uH]
Maximum magnetic flux density (B3, ,,) 200[mT]
Current density range (., ,,) 250~350[A/cm2]
Air-Gap range (I,) 0.5~2[mm]
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1'!_;;3’;) Comparison of design time according to population size
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Table 2 Parameter Values of the Manufactured Transformer (a) Optimal Design
Point, (b) Comparison Group 1, (¢) Comparison Group 2

(a) (b) (©]
Parameter Value Value Value
Core Data E25/13/7 E65/32/27 E32/16/9
Core Parallel
5 1 3
Number
Turn Ratio 1.5 1.5 1.5
Magnetizing
20[uH] 20.02[uH] 20[uH]
Inductance
Leakage 0.92[uH] 0.94[uH] 0.96[uH]
Inductance s e s
Volume 24.7cm3 118cm3 30.6cm3
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Table 3 Experimental conditions

Parameter Value

Output Power () 500[W]
Input Voltage (1)) 240[V]
Output Voltage (V) 100[V]
Resonant Frequency (f,.) 300[kHz]
Switching Frequency (f,,, ) 250[kHz]
Magnetizing Inductance (Z,,) 20[uH]
Resonant Inductance (Z,) 9.4[uH]
Resonant Capacitance (C') 30[nF]
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