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Abstract: Micro protection is one of the challenges ahead of micro network expansion. Micro network functions in two
states of connection to network and island. The short connection level of micro network is different at two functional levels.
Therefore, the protection system which needs to diagnose the faults at two states would function improperly. In the preset
article fault current limiter and oriented over-current relays optimal adjustment are implemented for micro network protection
under the study. Additive particles optimal algorithm is used to adjust relays and fault current limiter impedance. The results
show that by this method the micro networks can be secured at both two modes of functions.
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1. Introduction
Increasing problems related to air pollution the end of
fossil fuels, depletion and congestion of transference system
has caused the scattered products to be attended more than
before. Micro-network is a new concept for a better utilizing
of scattered product units and solving their technical
problems. Micro-network is a complex of resources and
loads which act under a single control unit from the network
perspective. Micro-network has two types of functions:
related to the network and island. In connected format the
Micro-network invokes economic exchanges with the major
network, anti-peak and offering complementary services. In
times of turbulence in the main network the micro network
can be separated from the main network and provide its loads
in an island mode. The existence of scattered product units at
distribution networks can lead to loss of coordination among
these networks. Distribution networks mostly have radius
structure where the fault current from the upper network is
injected to the lower network by installing the scattered
products the fault current level is increased and in addition to
that we will observe the bidirectional fault currents in the
distribution network. The current rate of short-circuit
synchronous generators is considerable. The fault current of
general electronic transformers is at 2-1 pre-unit level and

has less impact on short-circuit level [3-1].
Several methods have been implemented to establish
protection coordination within distribution networks by the
presence of scattered product units. These methods can be
divided into two parts of optimizing and geometric parts. In
optimizing methods, the objective function is the
performance of all relays and under the optimizing conditions
minimizing the function is pursued [9-4]. In the methods of
the second group the attempt is to make use of the graphic
theory to distinguish the major relays and sensitive ones and
then the arrangement of other relays are done [11-10].
References [12-13] protection coordination is made for the
configuration of different power systems by considering the
inlet and outlet of the generators. References [14-15] have
done the general analysis of the distribution systems
protection impact on the scattered products. Reference [16]
has implemented fault current in series format by scattered
generation units and optimal arrangement of over current
relays. In this research only the connected mode to the
scattered products network; and the island mode has not been
studied. To preserve the Micro-networks various methods are
suggested. Two main protection challenges ahead of the
Micro-network consist of changes of the short-circuit current
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for two functional modes and the low cooperation of units
with power electronic transformer in the fault current.
Various methods have been suggested for the protection of
the Micro-network so far and the researches in this respect
are proceeding. At (2) digital relays with communication
links on the basis of differential protection are implemented
for the protection of the Micro-networks and voltage
protection is introduced as the supportive protection. A
similar method has been implemented in (3) on the basis of
signal transference by the use of power lines and differential
protection to keep the feeders have been presented. Micronetwork protection system on the basis of central protection
and communicational relations among the relays and
protection unit has been presented. The central protection
unit by determining the delay intervals and performance
indexes and considering the mode of the Micro-network
provides the apposite micro-network protection system (5-67-13). At (14) over current relays which are capable of
identifying the performance mode for the protection of
Micro-network protection system. Most of the suggested
methods for the Micro-network protection system require
communicational link between relays.
In the present article by the use of fault current limiter and
optimal regulation of relays the Micro-network protection
system will be dealt with. This article, is an attempt to solve,
the extreme differences of short-circuit levels at two
functional modes which makes use of additive particles
algorithm for optimizing. The second part states the
protection coordination issue and the third part describes the
methodology and the simulated results are presented in part
four.

Where I( is relay threshold current TDM is the relay
regulation index and is observed error current by relay
Relays current values are regulated at around 1.1-1.2 equal
to relays currents. Relay regulation index changes in a
disconnected way in practice but for the ease of action it has
been used in an integral format. Since micro-networks
function at two modes therefore, the load of relays will be
different for both performance modes. In this study the
maximum current load in both modes has been considered as
the normal current load.

3. Fault Current Limiter and the
Recommended Method
In the connected mode to the network because of the
cooperation of the main network in providing the micronetwork current faults we would have a higher level of shortcircuit fault compared to island format. As can be seen in the
following fig. 1 if the relays at island form get regulated
properly the observed fault at connected mode would
increase and therefore, the coordination of relays would be
lost. By the installation of a fault current limiter the provided
current fault of the network can be reduced and thereby
transfer the protection coordination point towards island
mode. This transference can be continued as far as protection
coordination conditions are established. Therefore, by the use
of fault current limiter we can compensate for the different
short-circuit level at functional mode.

2. Protection Coordination
The protection coordination of protective devices within a
network can be achieved by the use of optimal optimizing
and regulation. As mentioned earlier the function of the
problem objective is as the following equation.
∑

∑

∑

∑

(1)

Where stands for main relay and j stand for protective
relays is the time of main relay performance and
show
the protective relays performance time equal to f error. m
shows island or micro network performance mode with the
network. The time of the protective relays performance need to
be behind the main relay performance time to the amount of
time coordination feedback. This condition is displayed at (2).
(2)
In this article standard time reverse over current relays has
been implemented. The features of the performance of these
relays have been displayed at (3).
.
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(3)

Fig. 1. Regulation relays at island form.

In order to optimize the time of relays we need to regulate
the amount of fault current limiter and relays so that the total
performance time gets reduced. To this end, additive particles
algorithm has been implemented to determine the optimal
value of fault current and relay regulations.
Additive particles algorithm is an ultra-explorative
optimizing which has imitated the group fly of the birds. In
this algorithm each answer of the question is modeled as a
particle with n dimension features in the problem
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atmosphere. Particles or the answer candidates to the
question move under the influence of three factors of current
position, best position so far and the best position of the
complex to reach the answer to the question. The main
relation of particles optimizing algorithm is presented at (4).
) t and X t respectively speed and position of the
particle at frequency t, X(,-./ the best position of the particle
so farX0,-./ and the best experienced position by the total of
the particles. ω inertia index and c1 and c2 are the related
ratios.
In this article first, the problem solution candidates which
consist of fault current limiter data and the relays regulations
are generated. Then, by the use of impedance matrix the
connected mode fault current to the network by considering
the size of the fault current limiter is calculated. Since the
fault current limiter connects the network at the connection
place it would not affect the island mode short-circuit current
level. By having the faults values at two functional modes
algorithm calculates the sum of objective function. It needs to
be mentioned that lack of observing the coordination
conditions is considered as a heavy punishment at the
objective function. At the end from the relation (4) answer
candidates are updated at each repetition. Fig. 2 displays the
implemented flowchart.
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4. Simulation Results
The micro network under the study is drawn in Fig. 3. This
micro-network consists of three units of synchronous
scattered generation which is linked to the main network by
bass. The micro-network data has been presented at table 1.
Over current relays have been used for the protection of the
micro-network.

Fig. 3. The micro network under the study.
Table 1. The micro-network data.
12K W20, MVA

Micro-network basis

0.04+0.04j

Impedance line

0.1j
0.1j
200MVA
0.08j

Transient Impedance of generator (on the basis of
generator)
Impedance of transformator connected to generators’
micro networks
Short circuit level of main network
Impedance of the transformator connected to the micro
network to the main network

Table 2 shows relay load currents for two island modes
and connected to the network. The assumption is that when
in island mode 50% of load depletion would happen. Given
the shortness of the fault lines in the middle of the analysis
line in the present study three phase faults are considered.
Fig. 2. Implemented flowchart.
Table 2. Relay load current.
End of the line basbar

Beginning of the line basbar

Load current (per-unit-island mode)

1
1
1
2
4
5
3
Bass 2 unit
Bass 5 unit
Bass 6 unit
Network share

2
4
5
3
5
6
6

0.056
0.0357
0.062
0.0547
0.092
0.03
0.0626
0.22
0.27
0.168

Load current (connected mode to the
network-per unit)
0.16
0.16
0.107
0.126
0.055
0.109
0.073
0.18
0.292
0.18
0.65
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The sum of the short-circuit currents is calculated by
means of impedance matrix method. To this end some virtual
bass are use in the middle of the lines. It is supposed that the
relay threshold current can be considered at 11-2 times the
nominal current. By the use of particles optimizing method
for the network under the study optimal protection
coordination has been done. The position of the fault limiter

is stable and in the place of connection to the network. After
the optimizing fault limiter impedance was obtained at
around 0.67 per unit. Table 3 shows the relays optimal
regulation sums for the micro network under the study. The
protection system total performance time equals 60.9496
seconds. Main relays time performance matrix and support
for different faults are shown at table 3.

Table 3. Relays time performance matrix.
Relay No
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18

Regulation ratio
0.2571
0.2522
0.1691
0.181
0.2139
0.3089
0.2
0.2691
0.1392
0.2854
0.2516
0.2582
0.2879
0.3433
0.1896
0.2286
0.2307
0.0322

Threshold current
0.2064
0.176
0.176
0.1984
0.1681
0.1468
0.1831
0.1671
0.1221
0.1199
0.2028
0.123
0.1030
0.805
0.371
0.3562
0.2393
0.7247

Table 4. Relays performance time.
Supporting relays performance time
0.8406, 0.866, 0.8141, 0.8658
0.9572, 0.7186, 0.8502
0.7584, 0.709, 0.974
0.5757, 0.7956, 0.8303
0.789, 0.8122, 1.3818, 1.3803
0.8181, 0.8222, 2.30
0.842, 0.8184, 0.8084
0.8428, 0.7814, 0.7811, 0.8923
0.7024, 0.8221, 0.8644
0.6927, 0.7757, 0.8519, 1.04
0.513, 0.7862, 0.8399, 1.5889
0.878, 0.7375, 0.7929, 0.8257, 0.8872
0.7887, 0.822, 0.8108
0.7988, 0.7584, 0.8161

Main relay performance time
0.7017, 0.6258
0.6957, 0.566
0.4057, 0.5538
0.5567, 0.3995
0.6387, 0.6215
0.667, 0.5869
0.6205, 0.6782
0.6311, 0.6205
0.6658, 0.5491
0.3774, 0.5383
0.5424, 0.362
0.6262, 0.5875
0.6567, 0.52
0.6079, 0.6488

Results of the simulation confirm that by the use of fault
current limiter we can improve short-circuit level difference
in two modes and protect the micro network. Fault current
limiter along with optimal regulation as the protect system
independent from the micro network performance can be
implemented.

system is able to protect micro network in both modes of
function.
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