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VI. CONCLUSION

This paper proposes a new time–current–voltage relay char-
acteristic that can be utilized by DOCRs in a meshed distribu-
tion network in the presence of DG units. The proposed char-
acteristic relies on utilizing the fault voltage magnitude in addi-
tion to the current to determine the operating time of DOCRs.
In addition to the commonly used relays settings, a third relay
setting , responsible for tuning the effect of voltage on relay
operating time, was introduced. This setting can either have a
fixed common value for all DOCRs or each DOCR can have
its own optimal setting value. The protection coordination
problem is formulated and solved considering the conventional
and proposed relay characteristic. The optimal settings attained
by solving the PCO model for cases with either a conventional
or proposed DOCR characteristic ensure proper coordination of
all DCORs under SLG, DLG, LL, and three-phase faults that
might occur at near-end, mid, and far-end locations on each line
of a system. The results show that the utilization of the proposed
time–current–voltage characteristic for each DOCR in a meshed
distribution network can achieve a significant reduction in the
total relay operating time in the absence and presence of syn-
chronous-based and inverter-based DG. The amount of reduc-
tion will depend on the system structure, type, number, and ca-
pacity as well as the location of DG units. In addition, by setting
each relay with its optimal settings (as opposed to having the
same value of for all relays), further reduction in the overall
relays’ operating time can be achieved.
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