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Fig. 5. Experimental results.Case study I Š two-phase voltage sag (25%): (a)
PCC three phase voltages, (b) PCC phasea voltage and three phase currents
with balanced current injection and (c) PCC phasea voltage and three phase
currents under unbalanced current injection.

and generate the required voltage and current in the dc-link.
The controller and protection functions are implemented in a
dSPACE RT1103 platform. The parameters of the laboratory
setup are listed in Table II.

A two-phase voltage sag in phasesb andc is implemented
in Case study I, shown in Fig. 5(a). Firstly, the controller
is adjusted to inject balanced reactive currents to all phases,
as shown in Fig. 5(b). This is realized by deactivating the
rescaling function in the algorithm. The rms values of three
phase currents are approximately equal, with a phase shift
of φ ≈ π/2 between the current and voltage of each phase.
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Fig. 6. Experimental results.Case study II Š single-phase voltage sag
(25%): (a) PCC phasea andb voltages and currents under balanced current
injection, (b)PCC phasea and b voltages and currents under unbalanced
current injection.

Subsequently, the controller is modi“ed in order to inject the
proper unbalanced currents to the grid, as presented in Fig.
5(c). The injected reactive currents to phasesb and c (with
voltage sag) are smaller than the injected current to phase a
(without voltage sag).

A 25% single-phase voltage sag occurs in phasea, as
demonstrated in Fig. 6. Firstly, the controller is implemented
to inject the balanced reactive currents to the grid and the
rms values of the injected currents are approximately equal,
as shown in Fig. 6(a). Secondly, the controller is adjusted to
inject the unbalanced reactive currents to the PCC. From Fig.
6(b), it is evident that the injected reactive current in phasea
(with voltage sag) is higher than the injected current to phase
b (without voltage sag). Experimental results show the validity
of the proposed unbalanced current injection algorithm under
various unbalanced grid faults.

VI. CONCLUSION

The unbalanced current injection capability of the grid-
connected three-leg four-wire neutral-point-clamped (NPC)
inverter of photovoltaic power plant (PVPP) has been studied
in this paper. A voltage oriented control using the proportional-
resonant controller in conjunction with the three-dimensional
space vector modulation technique is implemented. In order
to inject the proper unbalanced reactive currents to the grid
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