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Islanding operation is an undesirable event because it can harm the personnel and damage the connected loads.
Therefore, islanding operation should be detected and the islanded distributed generation units should be iso-
lated from the rest of the distribution network. This paper presents a simple islanding detection method that is
suitable for multiple distributed generation units. The proposed method is based on the concept of the main bus
and uses an index called the voltage index to detect islanding operation for large power mismatches. However,

for small power mismatches, the line current measured at the main bus is used to disconnect the loads connected
to the bus in order to transfer small power mismatches to large power mismatches to detect islanding operation.
The simulation results clearly reveal that the proposed method is effective in islanding operation detection and
has no non-detection zone. Wind farms power generation system is presented in this paper as an example of

distributed generation units.

1. Introduction

Distributed generation (DG) is a small-scale generation that can
support increase in the total load demand without investment in the
expansion of distribution network by installing the DG units close to the
loads. DGs generally refer to renewable distributed energy resources,
including wind farms, micro-hydro turbines, photovoltaic (PV), and
other generators that are supplied with biomass or geothermal energies
[1]. Integration of large numbers of DGs of smaller capacity into utility,
which are dispersed according to the availability of renewable energy
resources, is resulting in important changes to the topology of the
power system. These changes may ultimately convert the power system
from vertically to a horizontally-operated power system [2].

Integrating DG into utility has many benefits such as improvement
of the power system efficiency, increase the system flexibility, reduction
in the power loss and reduction in the environmental pollution.
However, this increasing penetration level of DGs has raised many
technical concerns such as protection coordination, islanding, safety,
system stability, reliability, supply security and voltage regulation
[1-4,31]. One of the important concerns that should be taken into ac-
count is the islanding operation. Islanding is a situation in which part of
the distribution network is isolated from the utility grid and the loads
still energized by the local DG units.

Islanding operation is undesirable situation because it leads to
safety hazards for personnel and power quality problems for loads.
Moreover, islanding operation may lead to damage to the power gen-
eration and power supply facilities as a result of unsynchronized re-
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closure [1-4]. Considering the severe consequences that islanding op-
eration can cause, IEEE STD 1547-2008 specified a delay of two sec-
onds for the DG unit to detect the islanding situation and isolate itself
from the distribution system [4].

Until now, several islanding detection methods have been proposed.
The islanding detection methods can briefly be divided into two cate-
gories, remote methods, where the detection is based on the utility side,
and local methods, where the detection is based on the DG side. The
performance of each detection scheme is evaluated according to its non-
detection zone (NDZ). The NDZ represents the interval in which the
detection scheme fails to detect islanding situation once islanding oc-
curred [1,5].

Remote methods are schemes which rely on the communication
between the utility and DG units. These techniques are highly reliable
and more effective than the local techniques as they eliminate non-
detection zone (NDZ). However, they can suffer with communication
problems and its implementation implies very high costs [5,6]. The
common remote islanding detection techniques are: Power Line Carrier
Communication, Supervisory Control and Data Acquisition and Signal
Produced by Disconnect [6].

The local methods can be further classified into active and passive
methods. Passive methods rely on available local measurements such as
voltage, frequency, harmonic distortion, etc. measured on the DG site
[1]. The general concept of passive methods is that if the measurements
are outside the predetermined thresholds, the protective relay at DG
site decides to disconnect the DG [1,7]. Passive methods are preferred
due to their smooth implementation and practical solutions as well as
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Fig. 1. The distribution system under consideration.
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Table 1
The parameters of the model under consideration. Skt
Grid 2500 MVA:120 kV; 60 Hz. £ *

Grid transformer
DG unit

DG transformer
Transmission line

Step down; 50 MVA; (120/25) kV

5MVA; 575V; 60 Hz

Step up; 10 MVA; (575/25) kV

R1 = 0.1153 Q/km; RO = 0.413 Q/km; X1 = 1.05 mH/km;
X0 = 3.32mH/km;

C1 = 11.33 nF/km; CO = 5.01 nF/km;

Distance: M.T.L. = 50 km; F.T.L2 = 40 km; F.T.L3 = 15 km;
F.T.L4 = 15km;

Table 2
Abbreviations of the scheme.

G.C.B. Circuit breaker of the grid

M.B. The main bus of the system

R1 Protective relay no. 1

M.T.L. Main transmission line

F.T.L1 Front transmission line no. 1

DG1 Distributed generation unit no. 1

IG The line current of the front transmission line (rms value)

they do not produce any changes in the power quality [7,8]. Passive
methods have some drawbacks such as having a large NDZ and speci-
fied threshold values with difficulty [7,9]. The common passive
methods include over/under voltage, over/under frequency, over cur-
rent, voltage phase jump, rate of change of frequency, rate of change of
power, and harmonic distortion schemes. A comprehensive survey on
passive methods is presented in [6,7,10].

Recently, some different approaches based on combining the pas-
sive methods with computational intelligence and modern signal pro-
cessing methods have been done in order to reduce the non-detection
zone and improve the performance of the passive methods. Different
approaches based on artificial neural network and fuzzy logic have
presented in [1,11-15]. Many researchers have proposed different
techniques based on wavelet transform, wavelet packet transform and
s-transform (ST) for islanding detection [16-23].

Active methods use disturbing signals in order to cause power
mismatches, so that certain system parameters (such as voltage and
frequency) drift, when the islanding operation occurs. Active methods

Voltage & Current
Measurements

L

Calculate Vim: & lime

v

Calculate Kv

r) Islanding Operation

Disconnect DG unit

R at the bus
Disconnect loads or
DG unit at the bus *
End

N

Reconnect loads

le—

Fig. 2. The flowchart of the proposed strategy for islanding detection.

have the ability to reduce, even eliminate, the non-detection zone and
detect islanding situation accurately compared to passive methods
[1,5,7]. However, next to the injection of unwanted perturbations in
the distribution system, this external disturbance degrades the output
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Table 3
Summary of possible cases of operation.

ky I Description of the operation Action

ky >k, Anyvalue Islanding operation at a large power Disconnect DG
mismatch

ky<k, Ig=R0 Islanding operation at a small power 1- nitiate LDS
mismatch 2- monitor Kk,
or Normal operation at power match

ky<k, Ig>0 Normal operation, load changes...etc. No action

power quality of the distribution system [1,5]. Moreover, the main
drawback of the active methods is the poor performance in the presence
of multiple inverters [5]. A comprehensive survey on active detection
methods is discussed in [6-10,24-27]. The hybrid methods are a
combination of passive and active schemes.

This paper aims to propose a strategy that can detect islanding
operation accurately for multi-distributed generations. The proposed
strategy is based on an index called the voltage index to detect islanding
operation. The voltage index depends on the changes of the system
voltage. This strategy is able to detect islanding situations under any
condition even under the NDZ, the worst case, where other methods
failed. The proposed strategy is simple, straight forward and easy to
implement with small computational time. This paper is organized as
follows: In Section 2, the power system under consideration in this
study is described. The proposed method details are presented in Sec-
tion 3. Section 4 illustrates the simulation results and performance of
the proposed method. Finally, discussion and conclusions are given in
Sections 5 and 6 respectively.

2. Model description

Wind farm power generation system is presented in this paper as an
example of distributed generation units. The electrical power system
depicted in Fig. 1 consists of four wind farms (each one 5MVA)
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connected to a 25kV distribution system. Each wind farm operates at
575V and is connected to a transformer rated at 10 MVA, to step up the
voltage to 25 kV. The utility grid is connected to the 25 kV distribution
system by a 50 MVA, 60 Hz, 120/25KkV step down transformer. Wind
turbines using a doubly-fed induction generator (DFIG) composed of a
wound rotor induction generator and an AC/DC/AC IGBT-based PWM
converter. The stator windings are connected directly to the utility grid
while the rotor is fed at variable frequency via the AC/DC/AC con-
verter. The model under study is modeled using Matlab/Simulink
software environment. The islanding operation is simulated by opening
the circuit breaker of the grid (G.C.B.) at t = 0.6s. The parameters of
the model under consideration are mentioned in Table 1 and the ab-
breviations of the scheme are given in Table 2.

3. Methodology

In order to reduce NDZ and improve the accuracy of the islanding
detection methods, this paper presents a passive islanding detection
method (IDM) for multiple DG units. The proposed strategy depends on
a main parameter called the voltage index to detect islanding operation.
Also, the proposed strategy uses the line current (Ig.n,s) of the front
transmission line (F.T.L.) at each DG bus as a secondary parameter to
initiate the load disconnection strategy (LDS) at certain case. Also, the
proposed method introduces and defines the concept of main bus in this
study. As illustrated in Fig. 1, the main bus (M.B.) is the bus that links
the grid and rest of the distribution network including DG units and
loads through the main transmission line (M.T.L.). In other words, M.B.
is the point of the common coupling (PCC) of the entire distribution
network (including DG units and loads) to the grid. The following
sections explain the voltage index and the proposed strategy.

3.1. The voltage index K,

This methodology is proposed based on the hypothesis that certain
system parameters (such as voltage and frequency) drift, when the
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Fig. 3. The voltage index at DG units during islanding operation at a large power mismatch.
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Table 4
Maximum detection time for different loads at large active power mismatches.

Total load demand Power mismatch Maximum
detection time

Active Reactive Active Reactive T < 2s

power P power Q power P power Q

11 Mw 6 Mvar 7 Mw 3 Mvar 0.15s

13 Mw 7 Mvar 5Mw 2 Mvar 0.23s

12 Mw 9 Mvar 6 Mw 0 0.22s

14 Mw 9 Mvar 4 Mw 0 0.26s

islanding operation occurs. When the grid is connected, the system
parameters change in very short limitations. However, when the grid is
disconnected from DG units, the system parameters have significant
changes.

The phase voltage signals measured at the DG site are used to cal-
culate the average value of the voltage (V,.,) for each phase. The
average value is calculated over one cycle of the fundamental frequency
(60 Hz) according to the following equation.

r+N-1

Vol =< 3

k=r

140
1)

Where N is number of samples/cycle and r is the starting sample (r = 1,
2, 3 ...). In this study a sampling frequency of 200 kHz having 3333
numbers of samples N in one cycle on the 60 Hz base frequency is
considered. Change of the average value of voltage signal V,,depends
on the change in the system frequency. In other words, during normal
operation, number of samples/cycle is N which is a constant value at
60 Hz. However during transient events such as islanding operation,
number of samples/cycle is less or more than N due to change of the
system frequency which in turn leads to a significant change in the
average value of the voltage.

During normal operation, V,, is zero or almost zero as no significant
change is detected in the system frequency. However during islanding
operation V,, has a considerable value due to change of the system
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frequency.
A new term called accumulative average of voltage (AAV) is in-
troduced and defined according to the following equation.

k=r+N-1

)

k=r

AAV (k) = abs (Vg (k)

(2

where k is a moving summation parameter.
AAV is the sum values of the change of average voltage for one
moving cycle with respect to time and represented as an absolute value.
The voltage index K, is defined as the multiplication of AAV and the
change in the system voltage AV. The index K, is given by Eq. (3):

Ky = |(Vh=Vo)| X AAV 3)

where AV = |(V,—V)| in per unit (pu).

Vi and V; are the rms values of the base voltage of the system and
the operating voltage at the DG bus, respectively. The voltage index
proposed in this paper is formulated by the authors.

The entire process is based on the moving window concept where
the one-cycle window is moved continuously by one sample. In this
paper, the definition of the voltage index is different from any similar
definitions in the present islanding detection techniques. The proposed
voltage index is more sensitive than normal voltage measurements as
according to Eq. (3), the voltage index K, consists of two parts. The first
part AV = |(V,—V;)| represents the change in the system voltage at DG
bus. The second part AAV represents the accumulative change in the
average value of the voltage signal at DG bus which in turn depends on
the change in the system frequency as mentioned before.

3.2. The proposed strategy

The proposed strategy follows the flowchart shown in Fig. 2. The
proposed strategy depends on the voltage index as a main index to
detect islanding operation. Also, the line current (Ig) in the front
transmission line (F.T.L.) is only used as a secondary index to initiate
the load disconnection strategy LDS in order to discriminates between
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Fig. 4. The voltage index at DG units during islanding operation at a small power mismatch.
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Fig. 6. The voltage index at DG units during islanding operation at a small power mismatch with capacitive load.
Table 5 3.2.2. Case 2

Detection times for different loads at small active power mismatches.

For a small active power mismatch, the voltage index does not ex-

ceed the threshold (k,) at all buses, but the line current Ig; in the main
transmission line (M.T.L.) at the main bus is almost zero. In this case,
the protective relay (R2) at M.B. initiates the load disconnection
strategy (LDS). The time required to disconnect the loads connected to

Total load demand Power mismatch Maximum
detection time

Active Reactive Reactive P Q T < 2s

power P power Q (L) power Q (C)

17 Mw 9 Mvar 0 IMw O 0.28s

18 Mw 6 Mvar 0 0 3 Mvar 0.28s

17 Mw 9 Mvar —5Mvar 1Mw —4Mvar 0.25s

18 Mw 6 Mvar —5Mvar 0 —8Mvar 0.28s

the bus is about 5 cycles (84 ms) .The target behind LDS is to protect the
loads and transfer the islanding situation from a small active power
mismatch to a large active power mismatch between the total load
demand and DG units, which in turn results in a significant change in

normal operation and islanding operation at a small power mismatch.
LDS disconnects the loads connected to M.B. for a certain time.

3.2.1. Case 1

For a large active power mismatch between DG units and the total
load demand, loss of mains (islanding operation) is detected when the
voltage index (K,) exceeds a predetermined threshold (k,).

the voltage index at all buses due to loss of grid. The protective relays at
other DG buses observe this change and issue trip signals to disconnect
the DG units connected to those buses.

3.2.3. Case 3

In case of the grid contribution is very weak, the line current Ig; in
the main transmission line (M.T.L.) at the main bus is almost zero.
Therefore, the protective relay (R2) at M.B. initiates the load dis-
connection strategy and K, is monitored. In this case K, does not exceed
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Fig. 8. The voltage index at DG units during separation of DG3 and DG4.

the specified threshold and the situation will be defined as a normal

operation and the loads will be reconnected to the network.

3.2.4. Case 4

When one or more DG units are separated form rest of the

distribution network (including the grid) and continue feeding the local
loads, in such a situation one of the previous cases (casel or 2) occurs.
The islanding operation is detected if the voltage index (k,) exceeds the
specified threshold (k,). Table 3 shows a summary of the flowchart for
the possible cases under consideration.
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Fig. 11. The voltage index at all DG1 and DG2 during a double line to ground fault.

3.3. The threshold k,

According to IEEE STD 1547, the voltage is allowed to be between
0.88 pu and 1.1 pu of the base voltage of the system. Also, the system
frequency is allowed to be between 59.3Hz and 60.5 Hz where the
fundamental frequency is 60 Hz. In order to determine the threshold k,,
consider the maximum allowed changes in the voltage and frequency
which occur at the lower limits. The threshold k, is given as follows:

ko=AVXAVV =AVXNXV, atV=0.88puandf

= 59.3 Hz Lower limits

n

k, = AV x N X %abs(z V(k)] =AVabs[z V(k))

k=1

k=1

where n is number of samples corresponding to f= 59.3Hz.
n =22 x N=3294sample. AV=1-0.88=0.12pu, and N = 3333

sample/cycle.

Consider the

continuous

form of the voltage signal is

v(t) = Vpsin(wt) and the discrete form of the voltage signal is V(k) = [

V(1) V(2) V(3) V(3)

V(n).... V(N)]. By converting v(t) into

samples using Matlab software, we get k, = 0.17 pu.
Another way to calculate the threshold k, by using the continuous
form of the voltage signal. The threshold k, is given as follows:
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Kv > Ko FPhase A the loads within the specified limits for about 0.1 s but the voltage index
p 8
n starts exceeding the threshold (k,) at each DG bus. Therefore, the
| . . . . .
kv > Ko F3se Bl AND protective relays send trip signals to disconnect the DG units. In case of
large active power mismatches, the islanding operation is easily and
Phase C . . X
Kv >Ko rapidly detected by the proposed method. In this case, the maximum
detection time of the islanding situation among the protective relays is
> AND Tri almost 0.15s (9 cycles). Simulations have also been done for different
> Signal power mismatches and the results are expressed in Table 4.
Phase A
Ia<1.25Ir . . . .
. 4.2. Islanding operation at a small active power mismatch
1b<1.251,7n3¢ Bl AND ) e .
In this case, the utility grid is lost at t = 0.6 s and the DGs continue
Ie< 1.25Ir Phase C feeding the loads (17 Mw & 9 Mvar) at a small active power mismatch
between the total load demand and DGs generation. Under this situa-

Fig. 13. A logic block diagram for islanding detection strategy.

6
k,= AV X AVV = AV X N X Vj, = 2V XN f Visin(ewt)dwt
27 0
Where 6 is the angle corresponding to f=59.3Hz,
6 =23 x 27 =1976m rad, AV=012pu, V,,=1pu and N = 3333

60
sample/cycle. Using the previous data, we get k, = 0.17 pu.

4. Simulation results

Simulations are conducted with MATLAB/SIMULINK software in
order to evaluate the performance of the proposed method. The pro-
posed method is validated on the power system under consideration
shown in Fig. 1. Different events, such as islanding operation, load
changes, capacitor bank switching, DG tripping, etc. have been simu-
lated to demonstrate the effectiveness of the proposed method. The
islanding situation is simulated in all simulations by opening the circuit
breaker G.C.B. shown in Fig. 1 at t = 0.6s. The following sections ex-
plain the study cases.

4.1. Islanding operation at a large active power mismatch

In this case, the utility grid is disconnected form the distribution
system and the DG units (18 Mw & 9 Mvar) continue supplying the
loads (11 Mw & 6 Mvar). The islanding operation occurs when there is a
power mismatch of 7 Mw and 3 Mvar between the total load demand
and the total generation of DG units.

Simulation results illustrated in Fig. 3 show that, when the islanding
operation occurs at t = 0.6 s, the DG units attempt to keep supplying

tion, simulation results illustrated in Figs. 4 and 5 show that a small
change is detected in the voltage index K, between t = 0.6 s and 0.7 s,
because the DG units keep supplying the loads within the specified
limits. However, the line current (Ig;) in the front transmission line
(M.T.L.) at the main bus is zero as shown in Fig. 5. Therefore, the
protective relay (R2) initiates LDS. a trip signal is sent at t = 0.7 s to
disconnect load L1 connected to the main bus in order to transfer the
situation to a large active power mismatch, which in turn results in a
significant change in the voltage index at all buses due to loss of grid. As
illustrated in Fig. 4, after t > 0.8s the voltage index K, starts ex-
ceeding the threshold k.. The protective relays at other DG buses detect
this change and issue trip signals to disconnect the DG units. In this
case, the detection time of the islanding situation is between 0.22 s and
0.28s.

In order to test the performance of the proposed strategy under a
capacitive load, a capacitor bank of 5 Mvar has been connected to the
distribution system at load L3. Simulation results of Fig. 6 are the same
as previous simulations of Fig. 4. Simulations have also been done for
different active power mismatches and the results are expressed in
Table 5.

4.3. Load increment and decrement

In addition to effective detection under islanding conditions, the
proposed strategy is designed to work properly in non-islanding con-
ditions as well. The response of the proposed strategy in non-islanding
statuses is also tested by simulating the system under consideration for
a large load switching (100% increase at t = 0.2 s and 100% decrease at
t = 0.4s). In this case, a load increment and decrement of 13 Mw and
5 Mvar is simulated when the total load demand is 13 Mw and 5 Mvar.



A.G. Abd-Elkader et al.

Table 6

Summary of islanding detection methods and their performances.

Power quality
degradation

System type

Detection time Disadvantages

NDZ

Concept

Method type

NO

All types of DG
configuration

Small NO

Zero

Voltage and frequency variation

Passive method The proposed strategy

Yes

Single or multi inverter

system

It is only applied for Inverter based system

Small

Almost zero

Wavelet entropy algorithm and active

Hybrid method Two level Islanding detection

frequency drift
Wavelet entropy is combined with deep

method [28]
Passive method Deep learning islanding detection

NO

Single inverter system

Detection accuracy increases with bigger sample

size

Small

Almost zero

neutral network

method [29]
Hybrid method  Grid impedance estimation

Yes

Multi inverters system

The method application is more difficult for

parallel-inverters

Small

Zero

Grid impedance estimation and the

resonance injection

method [30]

NO

All types of DG

The method needs a massive set of data to train

and test the classifier

Small

Almost zero

Hilbert-Huang transform and extreme

learning machine

Islanding detection algorithm [31]

Passive method

configuration
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Fig. 7 shows that when the sudden load is connected to the distribution
system at M.B. at t = 0.2 s and disconnected at t = 0.4 s, no consider-
able changes are detected in the voltage index due to the presence of a
strong power supply (the grid) and no action is done. Such load
switching events do not have any effect on the proposed strategy. Also
at t = 0.6, Fig. 7 shows an islanding operation to demonstrate the
change in the voltage index during load changes and islanding opera-
tion. If the large load switching is replaced by switching of a capacitor
bank of 5Muvar, similar results to those of Fig. 7 are obtained.

4.4. Islanding operation due to separation of some DG units at a small
power mismatch

This case represents a separation of two DG units (DGs 3&4) form
rest of the distribution network while DG1 and DG2 are still connected
to the system. The proposed strategy has also been designed to work
and detect islanding under these circumstances. As illustrated in Figs. 8
and 9, when DG3 and DG4 units (9 Mw & 4.5 Mvar) are disconnected
from the network at t = 0.2's, by disconnecting F.T.L3, and continue
supplying the local loads (L3 & L4 = 9 Mw & 4 Mvar) at active power
match, the voltage index values at DG3 and DG4 do not exceed the
threshold because DG units (3 &4) have the ability to continue sup-
plying the loads within the allowed limits without changing the system
parameters. On the other hand, the protective relay R6 at DG3 notices
that the line current Ig; in the front line (F.T.L3) at DG3 is zero,
therefore the protective relay R6 disconnects the load L3 and the vol-
tage index is monitored. Simulation results of Figs. 8 and 9 show that,
when the load L3 is disconnected at t = 0.4 s, a significant change in the
voltage index is detected at DG3 and DG4. Therefore, the protective
relays R6 and R8 discriminate this case as an islanding situation and
send trip signals to disconnect DG3 and DG4 at t = 0.5s. In this case,
the detection time of the islanding situation is 0.23s.

4.5. DG unit tripping

In this case, the performance of the proposed strategy will be further
tested for DG tripping. DG tripping case is simulated at a small power
mismatch between the total load demand and DG units. This case is
simulated by tripping DG3 at t = 0.2s and DG4 at t = 0.4s. Fig. 10
illustrates that when DG3 (or DG4) is tripped, no considerable changes
are detected in the voltage index at other DG buses due to the presence
of the grid. Hence, no action is done. Such events have no effect on the
proposed strategy.

4.6. Unsymmetrical faults

To further test the ability of the proposed strategy, unsymmetrical
fault is simulated at a small power mismatch between the load demand
and DGs. A double line to ground fault (ABG) starts at t = 0.2 s and is
cleared after 6 cycles at t = 0.3 s without any circuit breaker operation.
The fault occurs at the middle of the transmission line F.T.L2 that links
DG1 and DG2. As illustrated in Fig. 11, when a double line to ground
fault (ABG) occurs, remarkable changes in the voltage index of the
faulty phases are detected at all buses but they are lower than the
threshold. Since the result of the logic operation AND of the three
phases is zero, no trip signals will be issued to disconnect the DG units.
Such types of unsymmetrical faults have no effect on the proposed
strategy. Also Fig. 11 shows an islanding condition at t = 0.6 s to de-
monstrate the change in the voltage index during unsymmetrical fault
and islanding condition.

4.7. Symmetrical faults
Symmetrical faults have been proposed to investigate the influence

of this type of faults on islanding detection. The simulations are per-
formed in the condition that a three phase to ground fault at M.B. starts
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at t = 0.2s and is cleared at t = 0.3 s without any circuit breaker op-
eration. As illustrated in Fig. 12, when the symmetrical fault occurs,
significant changes in the voltage index are detected at all buses but the
voltage index exceeds the specified threshold only at the faulty bus
(DG1). Since the result of the logic operation AND of the three phases is
one at DG1 only, a trip signal will be issued to disconnect the DG units.
Such type of faults leads to a misoperation for the proposed strategy. To
avoid such type of faults, a further condition will be added to the
proposed strategy. If the currents of the three phases exceeds 1.25 of the
rated current (I,) of the DG unit, the protective relay discriminates this
case as symmetrical fault and does not issue a trip signal to disconnect
the DG unit. Fig. 13 shows a logic block diagram for the proposed
strategy after this modification. Again, our goal is to find a method is to
detect islanding operation not faults. Also, Fig. 12 illustrates an is-
landing condition at t = 0.6 s to demonstrate the change in the voltage
index during symmetrical fault and islanding situation.

5. Discussions

From the results of simulation for the study cases under con-
sideration, it is noted that for islanding situation at large active power
mismatches, the proposed strategy can easily detect islanding operation
by monitoring the voltage index at the DG units. As illustrated in
Fig. 13, the trip signal is sent to disconnect the DG unit when the result
of the logic operation AND is one. However, for small active power
mismatches, the proposed strategy can detect islanding operation by
initiating the load disconnection strategy at M.B. Disturbances such
sudden load changes or DG tripping or capacitor switching have no
effect on the proposed strategy. Symmetrical and unsymmetrical faults
lead to significant changes in the voltage index and currents, but the
strategy has been modified as shown in Fig. 13 to avoid misoperation
due to such faults. Finally, no event can mislead to the system, so the
proposed strategy has no NDZ and can be used for multiple DG systems.
A summary of islanding detection methods (including the proposed
strategy) and their performances with respect to detection time, index
of non-detection zone, and effect on power quality has been shown in
Table 6.

6. Conclusion

A new passive islanding detection strategy has been proposed in this
paper for multi-DG units. Wind farms power generation system has
been presented as an example of distributed generation units. The
proposed method is based on the concept of the main bus and the
voltage index. The strategy is tested on a distribution system having
four DG units of 5MVA each. Example simulations are performed at
different P-Q values in order to indicate the differences between the
islanding operation and other events that may exist in the power sys-
tems and may cause misoperation for traditional techniques. The si-
mulation results show that the proposed method can efficiently detect
islanding operation. Furthermore, the proposed strategy has no NDZ
and the detection time is less than 0.3s. Also this strategy can be ap-
plied for any type of DG units such as PV systems. The algorithm is very
simple and easy to implement besides it does not influence the power
quality of the distribution network.
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