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Keywords: Abstract: With the expansion of the penetration of
overcurrent  relay, distributed distributed generation sources in distribution networks, their
generation (DG), reliability index voltage protection has become one of the fundamental

. | . challenges in improving the reliability and performance of
prOtECEtIOI’T Vo tage: protective overcurrent relays. When a fault occurs, if the voltage
coordination constraints protection of distributed generation sources operates before
the overcurrent relays operate, these sources will be
disconnected from the network and reliability indexes,
including ENS, will increase. Therefore, the time interval

between the operation of the distributed generation voltage
protection system and the network current protection is of
particular importance. Also, failure to observe the time
interval between the operation of the main and backup
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network current protections, should be examined
simultaneously. In this paper, a new index, based on the
combination of these three factors, was proposed to evaluate
the effect of voltage protection on current protection. In
order to evaluate the efficiency of the proposed index, this
index had been examined on a sample test system.
Simulation results showed that the proposed method was
able to effectively evaluate the impact of distributed
generation voltage protection on relay performance,
protection coordination, and reliability.
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Extended Abstract

Introduction

Some distribution network parameters,
including the reliability and performance of
overcurrent relays, are affected by DG
voltage protection. When a fault occurs, DG
voltage protection causes them to be
disconnected from the network. In previous
studies, the effect of this protection on these
criteria was investigated. Therefore, in this
paper, a new index including parameters
affected by voltage protection is proposed.
The extent of the effect of different fault
conditions on reliability, considering voltage
protection and the constraints  of
coordination of overcurrent relays with each
other, depends on the location and capacity
of the DG. In the proposed index, the effect
of the presence of DG on the ENS criterion
is  investigated, considering  voltage
protection, the coordination of relay pairs,
and the comparison of their operating time
with the allowed voltage protection time.
Finally, the proposed method was
implemented on a sample test system to
identify the impact of voltage protection on
reliability criteria and protection
performance.

Materials and Methods

The o index was presented to determine the
effect of DG voltage protection on various
parameters. First, in the absence of DG,
short-circuit calculations were performed for
the fault current passing through the
overcurrent relays, and then the optimal relay
settings were calculated for three-phase
faults without resistance and with the line
initially in its initial state. Next, the DG was
installed on bus i. When a fault occured,
short-circuit calculations were performed,
and the current passing through the
overcurrent relays and their operating time
were calculated and stored by equation (1).
The VPCC voltage and the allowable fault
clearance time were calculated from the
voltage protection characteristic.
Considering the operating time of the relays
and the allowable voltage protection time, if
a fault occurred in the system that affected
the VPCC of distributed generation and this

VPCC iwas not restored to 0.9 per unit or
higher in tvwr, the relevant DG was
disconnected from the network. If the DG
was disconnected from the network, they
could not contribute to reducing ENS. Then,
the o0 index was calculated according to the
results obtained. Given that the presence of
DG in the network could have different
situations, the issue of prioritizing buses in
the presence of DG was examined,
considering voltage protection. This process
was repeated for all buses and the proposed
index was calculated for all of them. This
index determined which bus had the greatest
impact on improving reliability, considering
voltage protection, with the least violation of
the protection coordination constraint.

Results

The smaller the value of the proposed index,
the less effective the criteria will be from DG
voltage protection; therefore, the DG will be
connected to the grid under fault conditions.
To evaluate the proposed index, the number
of three faults at the beginning, end, and
50% of the three-phase type without
resistance in all lines were considered. The
effectiveness of all criteria from voltage
protection was examined by considering the
presence of DG on all buses of the sample
network; then, the ¢ index was calculated for
each bus. The results clearly showed that in
the event of a fault in some lines, DG was
disconnected from the grid due to voltage
protection and would not contribute to
reducing the ENS. If the value of At is
positive, it means that there is no violation of
coordination constraints; its negative value
means that coordination constraints are
violated. All these indices were calculated by
installing DG on different buses. With the
help of the proposed index, the best bus for
DG presence was determined, considering
the impact of voltage protection on the
reliability and performance of overcurrent
relays.

Discussion and Conclusion

In this paper, a new index has been proposed
to evaluate the effect of DG voltage
protection  coordination and  current
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protection on network reliability. Simulation
results show that the proposed index is able
to simultaneously evaluate the effect of
distributed generation voltage protection on
network  reliability, overcurrent relay
performance, and protection coordination. It
was also found that the installation location
and DG capacity have an impact on the
proposed index. Sensitivity analysis of the
proposed index shows that increasing fault
resistance and increasing DG capacity in
some cases can reduce the effect of voltage
protection on the proposed index and thereby
improve the performance of the protection
system. These results indicate the ability of
the proposed index to prioritize network
buses by considering voltage protection and
its impact on various criteria. The best
network bus in which the index produces the
lowest ENS value and the least changes in
the coordination time interval between the
relay pairs is determined by the proposed
index.
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