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 Efficiency in severe conditions  ↑
 Number of parts ↓
× Weight and volume of passive components ↑
× Modulation complexity ↑

Triple-Phase-Shift Controlled Dual Active Bridge Converter with Variable
Input Voltage in Auxiliary Railway Supply
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 No sensitivity to supply voltage variation
 SPS modulation
× Losses at rated conditions ↑
× Front-end converter regulation

 Control complexity ↓
× High current stress
× Soft switching condition is lost
× Weight and volume of passive components ↑
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Current waveforms in each component are 
derived from 𝒊𝑳 and the switching instants

Power loss and efficiency calculation
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𝑷𝒐 + ∑ 𝑷𝒍𝒐𝒔𝒔
 
 

Single-Phase-Shift Triple-Phase-Shift [3]

Auxiliary Railway Supply converts the electric power of the catenary into consumer-
orientated power for equipment's such as air conditioning, lighting, battery charging, etc.

High power density, bidirectional power flow and galvanic isolation are required. Dual
Active Bridge (DAB) with a simple Single-Phase-Shift (SPS) modulation is suited as long as
𝑉௢ 𝑉ௗ⁄ ≈ 𝑛 [1] else, poor efficiency and high current stress occur. Because 𝑉௦ is subject to
wide variations [2], a front-end boost converter is used to regulate 𝑉ௗ .

Contribution :
Gain weight and simplicity by removing the front-
end converter while maintaining high power
density.

Challenges :
 DAB modulation enhancement
 Isolated converter design
 Efficiency calculation

100

99

98

97

96

95

94

 Design of a simplified Isolated DC/DC converter
 Rated conditions : 𝑃௢,௥௔௧௘ௗ = 150 𝑘𝑊, 𝑉௦,௥௔௧௘ௗ = 1.5 𝑘𝑉 
 Medium frequency transformer characteristics are obtained using the Area product method.
 Switching elements are chosen based on industrial available products.

 Efficiency calculation for every operating condition

 DAB modulation 
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