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Abstract: To address the efficiency bottlenecks and excessive device stress inherent in traditional full-power conver-
sion architectures, this study first analyzes four representative partial power converter (PPC)topologies based on
common-cathode configurations. A functional relationship between voltage gain and system efficiency for different
connection schemes is then established. By comprehensively evaluating the trade-off between maximum efficiency
and gain adjustment range, the optimal PPC configuration offering both high efficiency and a wide gain capability is
identified. Based on this configuration , the zero-voltage switching(ZVS) characteristics of a dual active
bridge (DAB) converter under extended phase shift (EPS) modulation are investigated. Using the Lagrange multiplier
method and Karush-Kuhn-Tucker conditions, the coupling mechanism among transistor output capacitance, current
stress, and the ZVS constraint region is revealed. An EPS-based current stress optimization (CSO) strategy is subse-
quently proposed. By optimizing the phase shift angles, the strategy enhances constraints on non-ZVS regions,

thereby effectively reducing converter current stress while achieving full-range ZVS and suppressing switching and

magnetic losses. A comparative analysis of device stress factors is conducted for PPC-DAB converters employing
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conventional EPS, the EPS-CSO control strategy, and isolated full-bridge boost (IFBB) circuits. Results demonstrate

that under same load conditions, the EPS-CSO control strategy significantly reduces device stress in PPC-DABs,

outperforming both conventional EPS control and IFBB schemes. To validate the proposed approach, a 3.36 kW ex-

perimental prototype is constructed. Experimental results show that the PPC-DAB topology using the EPS-CSO con-

trol strategy achieves a peak system efficiency of 98.4%, representing a 3.3% improvement over traditional control

methods, and reduces maximum full-load current stress by 42%, confirming the high efficiency and practical feasi-

bility of the proposed method.

Keywords: partial power converter; extended phase shift modulation; soft switching; current stress
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