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Integrated Voltage Loop Device and Control Strategy
Based on Improved Phase-Shifting Transformers
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Abstract Due to the existence of important loads, the new distribution network needs to be supplied with
power when the equipment of the original distribution network is overhauled. Two closing types exist when
accessing the new distribution network: loop and ring-closing. The distribution network is cut off for loop closing,
leading to power supply interruption, or the ring of the distribution network is directly closed, producing a large
impulse current due to the large voltage difference between the two distribution networks. As a result, the relay
protection malfunction occurs, which affects the reliability and stability of the power grid. Two ways are adopted
to avoid the above issues. One is to provide the loop closing condition through theoretical calculation, and the
voltage of the loop closing point is similar by controlling the whole distribution network. The loop is directly
closed after meeting the ring closing conditions. However, the control process is more complex, and the loop
closing current is still large. The second is to use the voltage regulating device to change the voltage of one side
of the ring closing point and carry out the ring-closing. Although the control effect of the ring-closing device is
better, the price and maintenance costs are high.

This paper proposes an improved phase shifter (IPST) with an amplitude modulation winding (ETm) based
on the amplitude modulation winding (ETp) of the traditional phase shifter. It can flexibly change the voltage
amplitude and phase by adjusting the gears of ETp and ETm, thereby changing the voltage at the closing point.
The voltage between the two distribution networks is similar, and the loop closure is realized. In addition, the
voltage quality on the load side is degraded because of the internal impedance of the IPST after the load transfer.
An IPST equivalence model is established based on the multi-port network theory. The impedance characteristics
of the IPST port are converted into the equivalent analytical formula. The functional expressions of the regulation
voltage on the amplitude modulation gear T}, and phase modulation gear T, are derived. Thus, the target gear of
the IPST is predicted, and the voltage quality is improved. Thirdly, to address the problem of the inrush current
generated when the IPST exits bypass closing, the functional relationship of the inrush current on the IPST gear
is derived. The IPST target gear is predicted by combining the current regulation target and the voltage quality
constraint. The voltage quality can be ensured, and the impulse current can drop and safely exit the IPST. Finally,
the impedance expression’s correctness and the control strategy’s effectiveness are verified through PSCAD/
EMTDC.

Keywords: Distribution network, loop closing to supply, phase-shifting transformers, equivalent impedance,
closing loop current
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