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Abstract: With the continuous integration of renewable energy sources and the increasing penetration of emerging
loads such as electric vehicles in power systems, power quality issues in modern distribution grids are becoming in-
creasingly prominent. Traditional on-load tap-changing (OLTC) transformers, when equipped with power electronic
converters, can be upgraded to flexible on-load voltage regulating transformers that convert discrete voltage regula-
tion into continuous voltage regulation. However, the power quality improvement capability of existing flexible
OLTC transformers remains limited due to constraints imposed by voltage levels and power flow paths. To address
these challenges, this study proposes a flexible on-load voltage regulation control strategy based on capacity

sharing, enabling the converter’s input and output sides to assist and compensate for each other. The converter’s out-
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put side can assist the input side in reactive power adjustment by controlling the voltage phase, while the input side

can enhance the upper limit of the voltage compensation capability of the output side by controlling the input inductor

current. Simultaneously, an energy storage system is integrated into the converter’s DC side to strengthen the com-

pensation capabilities of both sides. The effects of tap-changer operations on the two control strategies are analyzed,

and the power-flow paths of the proposed device under different control strategies are examined. Based on these find-

ings, a multi-level hierarchical control strategy incorporating capacity sharing control, along with a dual-sided

closed-loop control method, is developed. Simulation and experimental results demonstrate that integrating a tap

changer with a power electronic converter enables continuous voltage regulation in flexible OLTC transformers. In-

corporating an energy storage system to the DC side reduces power coupling between the two circuits of the converter.

Moreover, through capacity sharing control between the converter’s two sides, the compensation capability of the

converter in the flexible on-load voltage regulation device is greatly enhanced.

Keywords: flexible on-load voltage regulating transformer (FOVRT) ; capacity sharing; tap changer; power flow

path; hierarchical and multi-level control
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