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Abstract: To address the issue that the existing in-phase control strategy is ineffective in
minimizing the loss in hybrid distribution transformers (HDTs), this paper introduces HDTs’
minimum loss mode and power angle optimization control to reduce HDT operating loss.
Specifically, an HDT phasors diagram is established, and the relationship between the HDT loss
and the load value, power factor angle, grid voltage fluctuation coefficient, and power angle is
derived. Subsequently, an analytical formula to calculate the optimal power angle is derived,
along with the establishment of the calculation process for the minimum loss mode, and thus a
power angle optimization control strategy for HDTs is formulated. The key feature of this
strategy involves assessing both the grid and load conditions in real time to calculate the optimal
power angle contributing to the minimum HDT loss. Theoretical analyses show that with lighter

or more resistive loads, the in-phase voltage mode aligns better with the minimum loss mode;
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otherwise, the in-phase current mode aligns better with the minimum loss mode. Simulation and
experimental results validate the effectiveness of the proposed power angle optimization control
strategy in reducing the HDT loss, with the precondition of realizing sinusoidal unit power factor
control of grid currents and sinusoidal stability control of load voltages in scenarios involving grid
voltage fluctuations and load currents distortions. Specifically, simulation and experimental
results show that under light load conditions, the minimum loss mode reduces the variable loss by
60% and 42% compared with the in-phase current mode. Similarly, in rated load scenarios, the
minimum loss mode reduces the variable loss by 46% and 37% compared with the in-phase

voltage mode.

Keywords: hybrid distribution transformer; phasors diagram; power angle optimization; minimum loss
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