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Abstract
In order to reduce power losses, and to determine the optimal location
and the impedance of fault current limiter in distribution systems
connected with multiple Distributed Generations two parameters are used
for detecting islanding conditions voltage unbalance and total harmonic
distortion of current. Based on this parameters islanding conditions are
detected. A fault current limiter is designed in order to minimize the impact
of multiple DGs on the protection system in a distribution system during a
fault occurrence. Finally, determining the optimal location and impedance
of fault current limiter it is modelled as optimization problem with power
loss and economical use as objective function. In this paper, Particle
Swarm Optimization (PSO) algorithm illustrates for determining the

optimal location and impedance of fault current limiter.

Keywords: Voltage Unbalance, fault current limiter, PSO Algorithm, loss

reduction
INTRODUCTION supplying power into the system, and in
The number of DG systems is quickly addition neighborhood loads. An islanding
expanding, and the majority of them are operation happens at the point when the
associated with a distribution system by DG keeps supplying power into the
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system after power from the principle
utility is intruded. In the event that the
islanding  operation  happens, the
distribution system gets to be out of the
utility's control. It can in this way cause
various negative effects on the system and
DG itself, for example, the security risks
to utility faculty and general society, the
power quality issues, and genuine harm to
the system and DG unless the fundamental
utility power is restored accurately and
rapidly. Moreover, the DG system must be
detached from the system for its protection
by the successful location strategy before
the recloser begins to work taking after by

the islanding operation

Two types of islanding detection methods,
which are the passive and active methods
developed. active methods , for example,
the system fault level checking system and
the reactive export error detection
technique. In spite of their viability in
identifying island operation of DG, these
active strategies need to ceaselessly
fluctuate the DG output and may
adversely influence the operations of the
DG and the utility system. Other detection
routines can be called passive methods
since they recognize islanding operation
of DG by observing the system
parameters: voltage magnitude, phase

displacement, the rate of change in

frequency, and impedance checking.
Despite the fact that they are unrealistic to
impact the working systems and
administration of utility power system, if
there are little changes in the DG loadings
in the wake of islanding, these techniques
experience issues in figuring out the
islanding operation since the observing
parameters don't change enough to

recognize these islanding conditions .

Numerous DGs make utilization of power
electronic inverters for energy conversion
to match the grid voltage and recurrence.
Nonetheless, such DGs are known to have
an incredible effect on the security and
protection of distribution system . The
inverter-based DGs (IBDGS) can influence
system security when an electrical fault
happens because of fault current detection
issues . This is on account of they don't
create large amounts of fault current when
a short circuit happens. Besides, small
rated DGs additionally have lacking
inactivity to persistently sustain the fault
current dissimilar to the conventional
expansive rotating machine generators.
The IBDGs have their own particular
internal protection to guarantee wellbeing
of  semiconductor  devices  against
substantial over currents coursing through
them. Generally, this current is in the

range of two to three times of the rated
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current. The impact of such an internal
protection needs to be considered in the
general system protection plan subsequent
to the inverter inward protection can't
identify fault streams with levels lower
than its settings. There are essentially two
sorts of control plans that govern IBDGs,
viz., voltage control and current control..

Based on the above synthesis
determination of optimal location and
design of fault current limiter in system
with multiple DGs is a challenging in
the evolving administrative and monetary

situations .

In this paper two parameters are used for
detecting islanding conditions voltage
unbalance and total harmonic distortion of
current. Based on this parameters
islanding conditions are detected. A fault
current limiter is designed in order to
minimize the impact of multiple DGs on
the protection system in a distribution
system during a fault occurrence. Finally,
determining the optimal location and
impedance of fault current limiter it is
modelled as optimization problem with
power loss and economical use as
objective function. In this paper, Particle
Swarm Optimization (PSO) algorithm is
used for determining the optimal location

and impedance of fault current limiter

Particle swarm optimization is a stochastic
optimization paradigm, which mimics
animal social behaviors such as flocking
of birds and the methods by which they
find roosting places or food sources. PSO
starts with the initialization of a
population of individuals in the search
space and works on the social behavior of
the particles in the swarm. Each particle is
assigned a position in the problem space,
which represents a candidate solution to
the problem under consideration. Each of
these particle positions is scored to obtain
a scalar cost, named fitness, based on how
well it solves the problem. These particles
then fly through the problem space subject
to both deterministic and stochastic update
rules to new positions, which are
subsequently  scored. Each particle
adaptively updates its velocity and
position according to its own flying
experience and its companions’ flying
experience, aiming at a better position for
itself. As the particles traverse the search
space, each particle remember its own
personal best position that it has ever
visited, and it also knows the best position
found by any particle in the swarm.

On successive iterations, each particle
takes the path of a damped oscillatory
movement towards its personal best and
the global best positions. With the
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oscillation and stochastic adjustment,
particles explore regions throughout the
problem space and eventually settle down

near a good solution.

Pseudo-code of main body of ABC

algorithm:

1: Initiation

2: Evaluate

3: set the particle ““ pbest”

4: add velocity to initial particle

5: Evaluate the fitness value to initial
particle

6: Compare each individual particle’s
fitness value

7: find “pbest” between particles

8: find minimum fitness value “gbest”
between particles

9: update the position and velocity
10: repeat the iteration of PSO until

convergence is obtained

ISLANDING DETECTION METHOD
Islanding detection is a one among the
most essential issues for the distributed

generation (DG) associated with an
electric power grid. Islanding condition
cause negative effects on protection,
operation, and  administration  of
distribution systems; consequently, it is
important to effectively distinguish the

islanding conditions and quickly detach

DG from distribution system. If there are
vast changes in loading for DG after loss
of the fundamental power supply, then
islanding  conditions are effortlessly
identified by checking a few parameters.
In this paper, for detection of islanding
operation of DGs, two parameters are they
are voltage unbalance and total harmonic

distortion of the current.

Calculation of Voltage Unbalance

For the most part, despite the fact that the
loading for DG has minimal changes after
the loss of main source, because of the
changes of the systems and the load, the
voltage unbalance fluctuates. Along these
lines, on the off chance that we continue
monitoring the unbalance of three phase
output voltage of the DG, at that point it is
conceivable to adequately recognize an
islanding operation of DG. With a specific
end goal to do this, we characterize the
voltage unbalance at the observing time by

using equation (1) which is given by

NS
VU, = '%100

— (1)

t

Where PS: and NSt represents the
magnitude of positive and negative
sequence of voltage at time t,
correspondingly. This characterizes the

one sequence average of voltage unbalance
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which is given in equation (2), furthermore
characterizes the voltage unbalance
fluctuation which is given in equation (3),
which measuring how much theobserved
voltage unbalance variations from the
steady state and ordinary loading

conditions.

N-1

VUavg,t = _&‘l'ifo VUt—i

)

VUavg,s _VUavg,t

avg,s

(3)

Where N indicates sampling number per

cycle, t indicates monitoring time, and
VU ,, indicates reference value originally

set for normal loading  conditions.

AfterVU 4 1S originally set, if
AVU,remains within -100% through
+50% for per sequence, VU . is updated
by VU ,4: to receive the normal load

variation.

Calculation of total harmonic distortion
of current

The changes in the loading for DG due to
loss of main power source obviously result

in variations on the harmonics of the

current. The total harmonic distortion of

current at observing time t is given by

W
THD,= "2 x100

|y

(4)

Where 1, is rms of the harmonic elementsh

and | is rms value of fundamental
element. The average of THD, per cycle is
given in equation (5) and the variations for
observed THD at time t from the normal

condition is given by equation (6).

THD = SFTHD ©)

avg,t N t—i
i=0

Detection of islanding condition:

After the calculation of changes in voltage
unbalance and total harmonic distortion of
current, now we formulate a condition for
detection of islanding condition which is

given below

RULE : {(ATHD, > +75%) or (ATHD, < ~100%)}
{(AVU, > +50%) or (AVU, < —100%)}
If ATHD, and AVU,satisfies the above

condition the proposed method detects as

islanding condition
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LOCATION OF FAULT CURRENT
LIMITER

In order to identify the location of fault
current limiter we have formulated as
nonlinear optimization problem, and
different objectives were considered in this

study. The objective function consists of
minimization of power loss,

Minimization of Power loss:

Optimal placement of FCL can be
performed with the reason for minimizing
power loss. The aggregate real power loss
is computed by using equation (6) which is

given as follows:

N

x | (6)

loss =Z_:lRi | i|

P

Satisfy the rule
ATHD, AVU,

Islanding Condition
Detected

TRIP

STOP

Update
THD__ VU,

avg.s? avg.s

Figure: Flow Chart for Islanding Detection
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-th

where R represents resistance of i

branch, | ;is actual current of i" branch,

and N, indicates number of branches in

the network.

From figure we can see that how islanding
condition detected by observing the
parameters of voltage unbalance and
harmonic distortion of current. Once the
islanding mode is detected it gives trip
signal and the system is isolated. If it is not
detected then the system is analyzed
during the occurrence of fault and fault
current produced is limited by using fault

current limiter

CONCLUSION

This paper presents efficient islanding
detection alongside optimal location of
fault current limiter (FCL) placement in an
distribution network associated with
different DGs. Total Harmonic Distortion
of the current and voltage unbalance of the
terminal output are utilized as the
observing parameters for power islanding
detection. The combination of FCLs into
distribution network gives a compelling
approach to stifle huge fault currents and
reduction in

may get to impressive

investment cost on higher limit CBs

REFERENCES

Funabashi T, Koyanagi K, and
R, “A of
islanding detection methods for
distributed

Yokoyama review

resources” In
Proceedings of IEEE International
Tech

Conference Power

Conference, vol. 2, 2003.

on

De Mango F, Liserre M, Aquila
A.D, and Pigazo A, "Overview of
Anti-Islanding Algorithms for PV
Systems. Part I: Passive Methods",
of IEEE

International conference on Power

In proceedings

Electronics and Motion Control
(EPE-PEMC), pp.
1878-1883, 2006.

Conference

De Mango F, Liserre M, and
Aquila A.D, "Overview of Anti-
Islanding  Algorithms PV
Systems. Part Il: Active Methods",
IEEE

for
In proceedings of
International conference on Power
Electronics and Motion Control
Conference  (EPE-PEMC), pp.
1884-1889, 2006.

Zeineldin H.H, "A Q-f Droop
Curve for Facilitating Islanding
Inverter-Based

IEEE

Detection of

Distributed Generation",

50 |

Page 44-54 © MANTECH PUBLICATIONS 2020. All Rights Reserved



MANIECH

Publications

Journal of Current Trends in Electrical Engineering
Volume 5, Issue 1, January-April, 2020

VL.

VI,

Transactions on Power Electronics,
vol. 24, no. 3, pp. 665-673, 2009.

Mahat P, Chen Z, and Bak-Jensen
B, “Review of islanding detection
methods for distributed generation”
In Proceedings of IEEE
International conference on
Electric Utility Deregulation and
Restructuring and Power
Technologies (DRPT), pp. 2743-
2748, 2008.

Xu W, Zhang G, Li C, Wang W,
Wang G, and Kliber, J, “A power
line signaling based technique for
anti-islanding protection of
distributed  generators—part  i:
scheme and analysis”, IEEE
Transactions on Power Delivery,
vol. 22, no. 3, pp. 1758-1766,
2007.

Zeineldin H. H, and Kirtley J. L,
“A simple technique for islanding
detection with negligible
nondetection zone”, IEEE
Transactions on Power Delivery,
vol. 24, no. 2, pp. 779-786, 2009.

Mozina C.J, "Impact of Green
Power Distributed Generation”,

IEEE Industry Applications

Magazine, vol. 16, no. 4, pp. 55-62,
2010.

Abdel-Khalik A.S, Elserougi A.A,
Massoud A.M, and Ahmed S,
"Fault Current Contribution of
Medium Voltage Inverter and
Doubly-Fed  Induction-Machine-
Based Flywheel Energy Storage
System", |EEE Transactions on
Sustainable Energy, vol. 4, no. 1,
pp. 58-67, 2013.

Nimpitiwan N, Heydt G.T,
Ayyanar R, and Suryanarayanan S,
"Fault Current Contribution From
Synchronous Machine and Inverter
Based Distributed Generators”,
IEEE Transactions on Power
Delivery, vol. 22, no. 1, pp. 634-
641, 2007.

Yi Han, Xuehao Hu, and Dongxia
Zhang, "Study of adaptive fault
current algorithm for microgrid
dominated by inverter based
distributed generators”, In
Proceedings of IEEE International
Symposium on Power Electronics
for Distributed Generation Systems

(PEDG), pp. 852-854, 2010.

51 |

Page 44-54 © MANTECH PUBLICATIONS 2020. All Rights Reserved



MANIECH

Publications

Journal of Current Trends in Electrical Engineering

Volume 5, Issue 1, January-April, 2020

Xl

Xl

Mozina C.J,

power generation on distribution

"Impact of green

systems in a smart grid", In

Proceedings of IEEE International

Conference on Power Systems
Conference and Exposition
(PSCE), pp. 1-8, 2011.

Loix T, Wijnhoven T, and

Deconinck G, "Protection of
microgrids with a high penetration
of inverter-coupled energy
sources”, In Proceedings of IEEE
International ~ Symposium  on
Wide-Scale

Renewable Resources Into the

Integration of

Power Delivery System, pp. 1-6,
2009.

Baran M.E, and EIl-Markaby I,
"Fault analysis on distribution

feeders with distributed
generators,” IEEE Transactions on
Power Systems, vol. 20, no. 4, pp.

1757-1764, 2005.

Brahma S.M, and Girgis AA,
"Development of adaptive
protection scheme for distribution
systems with high penetration of
distributed IEEE
Transactions on Power Delivery,

vol. 19, no. 1, pp. 56-63, 2004.

generation”,

X\

XVIII.

Brahma S.M, and Girgis A.A,
"Microprocessor-based reclosing to
coordinate fuse and recloser in a
system with high penetration of
distributed generation”, In
Proceedings of IEEE International
Conference on Power Engineering
Society Winter Meeting, vol. 1, pp.

453-458, 2002.

Shahriari S.A.A, Abapour M,
Yazdian A, and Haghifam M-R,
"Minimizing  the
distributed

impact  of
generation on
distribution protection system by
solid state fault current limiter", IN
Proceedings of IEEE International
Conference on Transmission and
Distribution ~ Conference  and

Exposition, pp. 1-7, 2010.

Hui Wan, Li K.K, and Wong K.P,

"An  Adaptive Multiagent
Approach to Protection Relay
Coordination ~ With  Distributed
Generators in Industrial Power
Distribution System"”, IEEE
Transactions on Industry

Applications, vol. 46, no. 5, pp.
2118-2124, 2010.

52 |

Page 44-54 © MANTECH PUBLICATIONS 2020. All Rights Reserved



MANIECH

Publications

Journal of Current Trends in Electrical Engineering

Volume 5, Issue 1, January-April, 2020

XX

Mahat P, Zhe Chen, Bak-Jensen B,
and Bak C.L, "A Simple Adaptive

Overcurrent Protection of
Distribution Systems with
Distributed  Generation”, |IEEE

Transactions on Smart Grid, vol. 2,
no. 3, pp. 428-437, 2011.

Yazdanpanahi H, Yun Wei Li, and
Wilsun  Xu, "A New Control
Strategy to Mitigate the Impact of
Inverter-Based DGs on Protection
System”, IEEE Transactions on
Smart Grid, vol. 3, no. 3, pp. 1427-

1436, 2012.

Vahedi H, Noroozian R, Jalilvand
A, and Gharehpetian G.B, "A New
Method for Islanding Detection of

Inverter-Based Distributed
Generation  Using DC-Link
Voltage Control", IEEE

Transactions on Power Delivery,
vol. 26, no. 2, pp. 1176-1186,
2011.

Najy W.K.A, Zeineldin H.H,
Alaboudy AH.K, and Wei Lee
Woon, "A Bayesian Passive
Islanding Detection Method for
Inverter-Based Distributed
Generation Using ESPRIT", IEEE

Transactions on Power Delivery,

XXV

vol. 26, no. 4, pp. 2687-2696,
2011,

Sinsukthavorn W, Ortjohann E,
Mohd A, Hamsic N, and Morton
D, "Control Strategy for Three-
/Four-Wire-Inverter-Based

Distributed IEEE

Industrial

Generation™,
Transactions on
Electronics, vol. 59, no. 10, pp.
3890-3899, 2012.

Abdel-Khalik A.S, Elserougi A.A,
Massoud A.M, and Ahmed S,
"Fault Current Contribution of
Medium Voltage Inverter and
Doubly-Fed

Based Flywheel Energy Storage

Induction-Machine-
System"”, IEEE Transactions on
Sustainable Energy, vol. 4, no. 1,
pp. 58-67, 2013.

Rajaei N, Ahmed M.H, Salama
M.M.A, and Varma R.K, "Fault
Current Management Using
Distributed

Generators in Smart Grids", IEEE

Inverter-Based

Transactions on Smart Grid, vol. 5,
no. 5, pp. 2183-2193, 2014.

ZARE S, Khazali A, HASHEMI
S. M, KHALILI R, CO-lranT. B.
T. B, and UNI-lIran I. U. S.

53 |

Page 44-54 © MANTECH PUBLICATIONS 2020. All Rights Reserved



MANIECH

Publications

Journal of Current Trends in Electrical Engineering

Volume 5, Issue 1, January-April, 2020

XXV,

T,“Fault Current Limiter Optimal
Placement by Harmony Search
Algorithm”, In Proceedings of IET
International conference on
Electricity Distribution,pp. 1-4,

2013.

Wang C, and Nehrir M. H,
“Analytical approaches for optimal
placement of distributed generation
sources in power systems”, IEEE
Transactions on Power Systems,
vol. 19, no. 4, pp. 2068-2076,
2004.

54 |

Page 44-54 © MANTECH PUBLICATIONS 2020. All Rights Reserved



