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Abstract

Bipolar DC microgrids with asymmetric loading face the problems of voltage and current imbalance in two poles, which can increase the voltage
deviation in microgrid buses and power losses due to the presence of current in the neutral wire. One of the suggested methods to solve the problem of
voltage and current imbalance in bipolar microgrids is to use two separate DC electric springs as two controlled smart loads in positive and negative
poles. This structure requires a large number of active switches, two separate battery or storage units in the DC link of these two DC electric springs,
and a complex control structure. In this paper, a unified three-leg DC electric spring is proposed to compensate voltage and current imbalance in bipolar
DC microgrids. Compared with two separate DC electric springs, the proposed structure has less number of active switches and due to its common DC
link, only one storage set is used in its structure. The effectiveness of the proposed structure in compensating voltage and current imbalance is confirmed
through simulation in the MATLAB/SIMULINK environment.
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Introduction

One of the challenging problems in bipolar DC microgrids is the load imbalance between positive and negative poles. The load and current imbalance
in these microgrids creates current in the neutral wire and increases the system losses. Besides, load imbalance leads to the microgrid positive and
negative poles voltage imbalance. The proposed methods to solve this problem are divided into two categories: generation side and demand side
methods. In the generation side methods, by controlling the injected power to the positive and negative poles using single pole DGs or voltage balancers,
the voltages of two positive and negative poles are controlled and balanced. In these methods, it is not possible to remove the neutral current and improve
the system efficiency. In the demand side methods, by rearranging the loads between positive and negative poles using load switchers or changing the
power of controlled or smart loads such as DC electric springs, the currents and voltages of two positive and negative poles are controlled and balanced.
In previous works, two separate DC electric springs were proposed to compensate voltage and current imbalance in bipolar DC microgrids. This structure
requires a large number of active switches, two independent storage units in the DC link of these two DC electric springs, and a complicated control
structure.

Proposed Work and Methodology

In this paper, a unified three-leg DC electric spring is proposed to regulate and balance the bus voltage and compensate the neutral wire current in
bipolar DC microgrids. In the proposed structure, a three-leg voltage source converter is used as a unified three-leg DC electric spring, where the middle
leg of the converter is directly connected to the neutral wire of the bipolar DC microgrid and the other two legs are in series with two non-critical loads
and are connected to the positive and negative poles of the microgrid. Compared with two separate DC electric springs, the proposed structure has less
number of active switches, and due to its common DC link, a single storage unit is required in its DC link. The performance of the proposed structure
is proved through simulation and it is shown that by using the proposed unified three-leg DC electric spring, the voltage and current imbalance in a
bipolar DC microgrid can be well compensated, while due to its lower number of power electronic switches and storage units, compared with two
separate DC springs, the cost of the compensation is significantly reduced.

Conclusion

In this paper, a unified three-leg DC electric spring is proposed for bipolar DC microgrids. The proposed structure can compensate an unbalanced
bipolar DC microgrid by controlling the power consumption of two series non-critical loads connected to the positive and negative poles. It can also
balance the voltages of two poles of microgrid and critical loads and eliminate the neutral wire current and loss. This structure reduces the cost of
compensation in a bipolar DC microgrid due to the reduced number of active switches and storage units compared with two separate DC electric springs.
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