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Abstract

Unbalanced loads in the distribution grid can cause unbalanced supply voltage and reduce the power
quality of the system. Besides, reactive power loads might create the voltage disturbances such as
voltage sag/swell. In this paper, a four-wire distribution static synchronous compensator (DSTATCOM)
integrated with Yy-transformer to compensate both the unbalanced voltage and reactive power is
proposed. A DSTATCOM based on modular multilevel converter (MMC) connects to the group of taps
in the primary windings of Yy-transformer to constitute an interconnected structure. The compensating
currents flow through the taps. This structure is similar to an autotransformer. Compared to the
conventional MMC-DSTATCOM, with proposed structure, The DSTATCOM connection point voltage
decreases and one can trade-off between the capability of the power device's rated voltage and current.
Therefore, it can be decreased the primary investment costs, the voltage stresses and the size of
compensation system. Furthermore, a control algorithm based on measuring the point of common
coupling (PCC) instantaneous voltage and current is presented that it is able to compensate the zero and
negative sequence voltage due to unbalanced laod and grid. To compensate these components, voltage
and current loops are used to track accurately the reference voltages of MMC-DSTATCOM by means
of unbalanced algorithm. Simulation results verify the proposed method.
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Figure (1): Four-wire three-phase MMC-DSTATCOM block diagram connected to equivalent distribution grid with no Yy-transformer
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Figure (17): Results of unbalanced voltage compensation by using MMC-DSTATCOM, a) Compensation currents for MMC-DSTATCOM,
b) Negative sequence voltages of PCC, c) Zero sequence voltages of PCC
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Figure (14): Waveforms of bus 670 before and after compensation by MMC-DSTATCOM, a) Bus voltages, b) Bus currents
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Figure (13): Zero and Negative sequence voltage unbalanced factor with and without compensation
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Figure (15): Reactive power compensation by MMC-DSTATCOM, a) Power factor of load bus, b) Power factor of source
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Figure (16): Voltage and current of Phase A for source when DSTATCOM integrated to Yy transformer is connected
20 T 1 Y T T I y
\
e 4
S15f 1 1 t : . .
:
vde
gqo - + [} ) ) { )
=
8 sH— -
% 005 01 015 02 025 03 035 04 045 05

Time (s)

Jouo i 0y SO W9 (1Y) S
Figure (23): DC-Link voltage of converter
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Figure (18): Waveforms of bus 670 during dynamic change in active load a) Bus voltages, b) Bus currents
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Figure (19): Power factor of bus 670 during step change in active load
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Table (2): Comparative results of proposed system operation with and without Yy transformer
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Table (3): Comparison of operation the proposed method with some similar references
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