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Abstract: Solid state transformer (SST) based on the magnetically coupled three-phase dual-active-bridge (DAB3)
DC/DC converter is suitable for high-power applications. It is crucial for the elaborate design of SST to accurately esti-
mate the copper loss and magnetic core loss of its key magnetic component—high-power three-phase medium-frequency
transformer (MFT3) under nonsinusoidal voltage excitation, and it is also crucial to analyze its variation with operation
modes and winding configurations. Based on the analysis of operation principle and equivalent circuit model of the DAB3
converter, the expressions of harmonic current of MFT3 with different winding configurations, including Y-Y, Y-A, A-A,
are derived by using fundamental wave analysis. The influences of skin effect and proximity effect on AC resistance at
each order harmonic frequency are considered to realize the calculation of copper loss. Considering the voltage wave-
forms and phase shift strategy under different winding configurations, the expressions of the piecewise linear magnetic
flux density waveforms under six-step and three-step voltage waveform excitations are deduced, and the extended expres-
sions of modification expressions of the Steinmetz equation are presented to determinate the magnetic core losses under
different phase shift angles. Simulation and experimental results on 5 kHz/15 kW MFT3 model with nanocrystalline alloy
core verify the effectiveness of the above methods.
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Fig.7 Structure diagram of MFT3
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Table 3  Structural parameters of MFT3 with different winding

configurations
JURT RS Y-Y AU Y-A BBk A-A FIBEA
(A/B/C/D)/mm 18/40/43/68.28 18/34/84/70.56 18/50/52/73.56
(A/B/C/D1)/mm  18/40/43/36.64  18/34/84/37.78 18/50/52/39.28
M xNi 3x8 2x14 4x10
M>XNpp 4x6 2x12 5x8
(drn>hp)/mm 1x4 1%5 1x4
(doxhe)/mm 1x4 1x6 1x4
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Fig.8 MFT3 model with Y-Y winding configuration
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Fig.9 3D model of MFT3 under mesh operation
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Table 4 Mesh operation information of studied transformer in

different elements

N IRk 1] 23 B
53 DX 45 - - -
Y-Y B Y-A BE: A-A TREz
Bt 15672 14 854 17 892
el 67 895 67376 68 624
=5 68 390 85 461 95791
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Table 5 Loss coefficients for nanocrystalline material
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Fig.10 Magnetization curve and loss curve of nanocrystalline core
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Fig.11 Minimum series inductance for ZVS under different winding configurations
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Fig.12 Current waveform and amplitude of each harmonic

current
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Fig.13 Resistance factor obtained by analytical method and

FEM simulation
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Fig.14 Variation of copper loss with phase shift angle under

different winding configurations
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Fig.15 FEM results of the loss density in MFT3 under

phase-shifted control condition
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Fig.16 Variation of core loss density with phase shift angle

under different winding configurations
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Fig.17 Loss measurement system
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Fig.18 Measured voltage and current waveforms of

transformers for no-load and load experiments
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