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Abstract—Due to the variety of distribution generation (DG)
sizes and technologies connecting to distribution networks,
and the concer ns associated with out-of phase reclosing, anti-
islanding continues to be an issue where no clear solution
exists. This paper presents an autoground approach that was
proposed in the context of an IEEE working group on best
practices for DG protection. A prototype system was
constructed using standard distribution apparatus and a
recloser controller, and it was tested on the utility’s
distribution test line. Results show that the anti-islanding
detection time is approximately a cycle longer than the delay
associated with application of the autoground. Once the
autoground was applied, the DG was disconnected within 1
cycle on overcurrent protection. The solution is inherently
scalable, applicableto all DG types, is configurable to various
reclosing practices and does not require additional
equipment or settings changes at the producer’s site. Using
this anti-islanding protection scheme, a renewable Application
ispresented for better distributed generation.

Index Terms—Distributed generation, distribution relaying, re-
newable energy.

I.INTRODUCTION

THE fast acting of distributed generator has grown over the
past decade and some utilities have reached very high
penetration levels. Despite this experience the debate between
utilities and private producers raggsonanumber of
technical issues. Possibly the most contentious is that of anti-
isanding protection, a reliable high speed communication
based transfer-trip scheme and a local passive approach
methods,  that relies only on the measurements of the
voltage wave form is represent idanding respectively, the
most  conservative and modern approaches. The anti-
islanding system and line protection are the two fundamental
protection requirements that need to be met by all distributed
generation (DG) installations, as detailed in the DG
interconnection standards Line protection consists of being
able to detect al faults on the distribution feeder to which the
DG is connected, while not disconnecting for faults on an
adjacent feeder. Generally over current relaying is sufficient
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to meet this requirement, although in power electronic
based generators, other strategies may be necessary due
to the limited contribution to short circuits by these
installations.

Anti-islanding has been the subject of a number of studies
these approaches can be typically divided into the following
two Classifications: passive approaches using the local
measurements of voltage and current, and variables derived
from using these quantities, to delineate between islanding
and grid connected operation and active approaches where
By the DG perturbs the grid voltage or frequency, an
approach intended to be benign while the grid is present, and
to destabilize the system when the substation is open. A third
approach is in fact a variant on communication based
approaches, whereby using thyristor valves connected to
ground, a disturbance is periodicaly injected at the
substation-its presence at the DG‘s location indicates a
normal condition, whereas its absence is indicative of an
idanded grid have also suggested these thyristor based
devices for fault identification in. Similar to active islanding
techniques, this approach could be criticized aone on the
impact on power quality. Additionaly, in noisy grids or
feeders that are particularly long, the issue of nuisance
tripping is an issue.

This paper presents an approach to anti-islanding protection
that is based on applying a three-phase short circuit to the
isanded distribution system just prior to reclosing or re-
energization. Provides the theory and methodology for
congtruction of this utility-owned equipment. Anti-islanding
protection is required of any distributed generator connecting
to the Distribution networks Continues to energize the feeder
when the utility has opened-creating an unintentional island.
An unintentional island, although rather unlikely in real life,
could be created by one of two scenarios. DG sets/ TG sets
are finding more and more applications as captive power
sourcesin modern day industrial plants.
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Il. THEORY AND METHODOLGY
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Fig.1. Illustration of the proposed autogrounding system

A DG set owner may decide to connect hisDG to the
local Electricity Grid supply (ie) the DG will be synchronized to
the grid. The main objective here is to feed the plant load will
both by the grid as well as the DG set. Whenever a DG is
connected to the local grid, there can be two modes of operation
as shown in DG is shown connected in parallel to EB power.
Plant load is connected to the same bus where both DG and EB
are present.
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Distributed generator disconnects on
avercurrent protection

Fig.2. Sequence of eventsin the
Operation of the autoground.
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The first case is a result of the inadvertent opening of the
substation feeder breaker/recloses are one of the protection
devices further down the feeder. This could be done in error
or as a planned operation where the utility personnel do not
realize that there is a DG present on the line. Eventually the
line is re- energized and the risk of out-of-phase reclosing
exigts, if the DG remains online. The second, even less likely
situation would be a temporary fault that |eads to operation of
the utility protection device, but the DG*s protection does not
operate before the self- clearing fault extinguishes, creating the
temporary island. For example a tree branch might touch the
line and it is clear at the moment the vacuum bottle interrupter
of a Recloser operates. Although less likely, the latter of the
two cases is generaly used to define the anti-islanding
requirements, which links the requirement to fir¢ period
relaxing time of the loca utility typical first operation
releasing time off, although some are as fast as 0.5 s. This
defines the speed at which the DG*s anti- islanding protection
must detect the island. Provides a comparison of the different
types of anti-idanding approaches and the implications in
terms of equipment, the installation site, relative cost, and pros
and cons of each. The solution proposed in the present work,
termed an auto ground, is seen as a compromise in terms of
cost and performance between the transfer-trip and local
passive measurements. Presents the autoground concept,
where the autoground system is installed just down the line
of the utility protection device (substation breaker or inline
Recloser). In this configuration, following the opening of the
utility breaker, the autoground opens the substation side
device, denoted sectionalizing switch (SS) and closes the auto
grounding switch (AS) effectively applying a three phase to
ground fault.

All DGs that have not already disconnected based on their anti-
islanding protection will be forced to disconnect based online
protection. Here it is assumed that the DG*s line protection has
been properly configured in order to detect all faults, as required
by In the case of inverter based DG, over current protection
alone may not be sufficient and more advanced functions such
as over current with voltage restraint may be required. However,
the focus of the present work is on the validation of the concept.
Following application of the autoground for the predefined time,
it then flips states, opening AS following by closing of its SS.
The utility breaker then re-energizes the system, without a risk
of out-of-phasereclosing.

The autoground system consists of three main components: the
sectionalizing switch the autoground switch, and the controller,
which can be implemented using a variety recloser or breaker
controls.
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Here we describeeach of these componentsin turn the
SS is required only to mirror the state of the substation
breaker. It is preferable to have the SS as a separate device for
the simple reason that costs escalate when work within the
substation is required.

In this case, it is not required to interrupt fault current so any
device that can provide automated sectionalized capabilities
would be sufficient. For applications where the outgrown is
paired with an in-line Recloser, the SS is not required as its
functionality can simply be integrated into the Recloser it.
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Fig3.Distribution test line model of Autogrounding operation

[llustrates the vacuum bottle based recloser used in the
experimental set-up as the SS.  As the AS is connected in
parallel with the distribution network only in order to apply
the fault, it does not need to interrupt fault current either. As a
result, the apparatus is even simpler, and is realized by a dight
modificationto an automated capacitor bank assembly.

1. MATLAB CIRCUIT AND RESULTS

Fig.4.TheMonitoringof Proposed anti islanding technique
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The parameters of the synchronous generator and the over
current protection are provided in the Appendix. Switches on
feeders 2 and 3 were opened in order to feed them both from
feeder 1.The testing consisted of first synchronizing the
generator, balancing its output power with the 150 kW load and
then initiate opening of the SS for three different
configurations of the autoground with all three fuses in
service; with one fuse removed; and with two of the three fuses
removed.

SYNCHRONOUS GENERATOR PARAMETERS

SG PG VG 1G

(KVA) (KWO V) (A)

250 200 600 240
A. Results

The simulation results for the three cases are summarized in
the magnitudes of the peak current (which includes the DC
component) are given, along with step voltage measured at 1
meter, and the neutral current. Torque measurements were
taken but they are not presented as the reading saturated in
eachcaseat 45N m.

As can be noted, the magnitude of the phase current is roughly
equivaent for the three cases; however, the neutral current is
much higher, as expected, for the unbalanced autoground cases.
This is reflected in the step voltage measurement, are the
measured value represents no issue. lllustrates the case for
balanced operation of the autoground that is, with the three
fuses in operation.

Fig.5 Substation voltages (top) and currents (bottom) during

Opening of SSand application of the AS.
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Fig.6a. Three phase voltages (top) of synchronous
generator during opening of SS and application of the
autoground
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Fig.6b. Three phase voltages (top) and currents

(bottom) of synchronousgenerator during opening
of SSand application of the autoground
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Fig.7.Current waveforms of the synchronous
generator during application of the autoground.

Fig.8. Torque measurement of the synchronous
generator Shaft during operation (expressed on the
base of the real Power Prior to the islanding event).
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Autoground technology on the local distribution
protection philosophy. This would include ensuring that the
autoground is compatible with the number and duration
of reclosing operations.

This could mean adjusting the various deays
mentionedabove or in certain cases, requiring different
delays for different reclosing operations. That the autoground
should only need to be applied during the first reclosing period.
To avoid equipment issues, it would be the best selection of the
autoground apparatus. The scheme is also economically
attractive to DG owners and utilities, especially for systems with
multiple DG installations.

This paper investigated the design considerations for the signal
generator. A set of design formulas is established. Typical signal
generator parameters are illustrated using actual system data.
The proposed scheme can be implemented using other signalling
techniques. Developing a signalling technique that can take
advantage of the simple requirement of anti-islanding signalling
to reduce the cost of signal generator is still opening of any
components.  This h as resulted i n a significantly simplified
Auto grounding scheme. In addition, a subject worth research

Fig.9 Proposed anti islanding technique with renewable
Application.
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Fig. 10 output result voltages.
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IV. CONCLUSION

This paper has presented a scalable, low cost approach for
Anti-isanding protection of distributed generation, using
a Utility owned and operated system referred to as an
autoground. The design of the system and its control were
presented and a prototype system was constructed using
standard distribution utility equipment. Testing results
were presented for symmetrical and asymmetrical
operation of the system. In all cases, the DG’s over
current protection isolated the generator from the system
in less than two cycles. The peak torque observed
exceeded momentarily around 4 times the pre-fault value.
Using this anti-islanding protection scheme, a renewable
Application is presented for better distributed generation.
The results validated the concept for a single generator
based on a synchronous machine, while future work will
study its applicability to systems with large numbers of
DG, including those with power €electronic interfaces. The
solution shows promise due to its relatively low cost and
inherent scalability.
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