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1 Introduction
Nowadays, the operation of distributed generations (DGs) and microgrids are working based

on the operating conditions and security systems of the DGs. Many requirements are raised while
interfacing the distributed generator to the power grid. The island phenomenon is one of the most
important challenges that have been commonly discussed over the years. As per IEEE Standard
1547, an island is an isolated part of the electrical system from the rest of the network, the isolated
area has at least one DG [1]. Accidental isolation is an unacceptable operating system that can pose
an existential threat to the distributed generator, utility systemis, and consumer devices. Also, it
threatens the security of utility employees and customers,/The causes of the island and its effect
are considered in [1], [2] and [3]. The need for DG proteétion is\linked to an important, systematic
anti-island secure program. Several island detection,appreaches'were presented over the past years
that were categorized into 3 types: contact-based, ‘passive, and active. Switching data between
power consumption and the DG unit operaté based on communication-based methods, also they
are effective, but its disadvantage is the cost of exeeution.

In [4,5], the more common contact-based" techniquesyutilized for island detection are
considered. At PCC, Passive island ‘detection strategiesfare established for managing system
parameters as well as tracking its variations,[6]. Low / high woltage secure, low / high frequency
secure modes [7,8], voltage phase jump mede [9]pfrequency protection mode conversion rate [10],
ratio active power modification [11], voltage, imbalance with total harmonic degradation method
are usually utilizedépassive modes,[12]. Passive,models are ealled island detection models that do
not create any interruption to the system. The major disadvantage of passive techniques is its huge
non-detection,zone (NDZ) that fails when it is a smaller electrical mismatch among the DG and
load. Méreover, active, island detéction techniques aceofding to the event of interruption on the
terminalyof distributed generator, while distributed,generator gets disconnected from the power
grid it have a consequential difference [13]; consequently, active models remain effectual, despite
there being smaller power imbalance amongil@ad demand and distributed generator capacity.

The active'miedels are the Slip-Mode frequency Shift technique (SMS) [14], Active Frequency
Drift method (AFD) [4],)Sandia Frequency Shift method (SFS) [15], and Sandia Voltage Shift method
(SVS). Reducing power quality/ and slower detection compared to passive modes are the
disadvantages of active modes'[13]. Moreover, active with passive techniques contains advantages
as well as disadvantages. These 2 models are combined to take advantage of all the merits, a novel
type of island defense strategy named hybrid anti-island methods [15]. Some of the recent
literature that has focused on the hybrid island detection method is: The active method is a strong
hybrid island detection method due to the compressing of the current injection method, frequency
relay, voltage relay, THD is the passive model [15].In the positive feedback (active) model, the
voltage imbalance with the total harmonic decomposition (passive) technique combine as an

effective technique for integrated rotation of DG [16]. The frequency conversion rate of a digital
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signal processor (DSP), voltage conversion rate, and the correction factor of a distributed
synchronous generator determine whether travel conditions are satisfied [17]. In [18], due to
connecting the average rate of voltage change with the actual power change, the average rate of a
voltage change (passive) is utilized for initiating an actual power change (active) [19, 20].
2 Design Principle of the Hybrid Method

It is necessary to first fully understand its properties to model a hybrid system with
satisfactory production. In hybrid mode, when the island position is suspected by the passive

method the active mode is only triggered, and finally, the tripping function is performed through
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3 Proposed Hybrid Islanding Detection Method
The parallel RLC's local load ‘and phase ate coupled to PCC and utilised to activate the

breaker islafid"state event."Because of the bad circumstance for skillful detection of accidental
islands; the resonancenfrequengy of the parallel RLC load is adjusted to the local application
operatingfrequency. The iselated Situation can‘be recognized with a quality factor of local load Qf
<2.5 and a“detection time of less than'2s, depending on the standard process [29]. The following

sections discuss the passive, active, and hybrid modes of operation.

3.1 Voltage Unbalance and Total Harmonic Distortion Method
The VU/THD system is known as the most sensitive passive detection approach that can

cause troublesome travel in.certain situations.

This paper changes the regular VU/THD approach and gets greater performance. First, the
components positive with negative series for PCC voltage have been evaluated through double-
linked dual synchronization reference PLL; also it has a greater dynamic response [30]. A low-pass
filter is utilized to avert misdiagnosis produced by typical voltage fluctuations. As a result, the
detection can enhance sensitivity. Second, the typical VU/THD system maintains VU along current
THD simultaneously, but VU is more sensitive to disruption than current THD. Therefore, the
voltage THD is maintained instead of the proposed approach. Moreover, the improved VU/THD has

enhanced performance contrasted to other methods.
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Normally, based ot e width modulation, behaviors of non-ideal switching of the

power devices and the disturbance between several controllers, the harmonics are produced by
inverters. The harmonic currents generated through the inverter may flow out into a lower
impedance grid while the inverter works at the grid-connected mode to create only a less quantity
of deformation at the point of common coupling voltage. But, the harmonic currents flow into the
local loads when the grid disconnects, normally compared to the grid it has high impedance. Also,
it generates high harmonics on point of common coupling voltage. The total harmonic distortion

voltage is given as
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h
thd = /2v§ /v, x100%
H>1 (3)

Here, the rms value of harmonic components is denoted as Vh and the rms value of the

fundamental component is denoted as V1. THD deviation is

Athd = % %x100%

hdr o @),

where at present moment THD: is the instant value and the v before at a fundamental cycle is

denoted as THD,.q.

The VU/THD mode deviation is utilized as the ection criterion for AVU / ATHD,
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Figure 3: Schematic diagram of intermittent BRPV
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Here, the voltage and frequency of the PCC are denoted as Vrcc and f, the reactive with an
active power output of the inverter is denoted as Q and P, and the inductance, capacitance, and

resistance of the local load are denoted as L, C, R . The resonance frequency f, and quality factor Qs

are
_ 1
\F
Qe =14+
' (8).

The relationship between the system frequ mode, then the

RLC load characteristics are calculatéd by combining

Qioas T ) \

q F p Load

F

F=_2
2
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Generally, he islanding edndition

(10).

er the island can be'expelled by changing the range of the reaction
force from 2 N g (9) and (10), the frequency of the island can thus be

2
Dot |, \/(LJ va 9
quLoad qu qu
(1),

Assuming the range of frequency [fmin, fmax], the NDZ can be measured from equation (11)

obtained.

and can be expressed as
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(13).

BRPYV is derived in 2 components. If reactive power Q =
Qdis, then NDZ d NDZ represents Z-Q, the final NDZ scheme is an
diminish the NDZ of BRPV, Z+Q along Z-Q could not

ude variation Qdis of reactive power is satisfied.

(14).
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The VU/THD, BRPV are appropriate to be utilized in the hybrid approach depending on the
mentioned analysis. Furthermore, the inverter-based DG is contrasted together to get a satisfactory

performance. Figure 5 depicts the block diagram of the proposed approach.

3.4 Operation Principle
Figure 6 depicts the structure of the proposed approach. Moreover, the point of common

coupling voltage is examined constantly, and the deviation of VU along THD in 1 cycle is measured.
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Figure 7 represents the process description of the proposed hybrid system. Here, BRPV is
activated concurrently for modifying the output reaction force, then frequency exits the allowable
area. The DG will stop immediately once the frequency limit is reached. Figure 8 represents the
synchronous mode of multi-distributed generators. Here, the variations of reactive power are
synchronized in both inverters, hence it is not counteraction among inverters.

Several local load functions, like larger load switch, and non-linear load incorporation
generate VU/THD system to over current, resulting in the BRPV system being activated. Non-island
bugs to the DG can also generate high voltage and reactive powefwariations, which can then lead to
excessive input of the VU/THD system together with BRPVisystempactivation. But, it is observed
that island detection is ultimately determined through thesfrequency of the proposed hybrid
system. In these cases, frequency performance is inappropriate, since the frequency is global
variance, and also does not depend upon local evénts that occur voltage or reactive power variance.
Therefore, the proposed approach does not fail in such concerns.

Furthermore, the inverter is always connected to the network and the grid frequency is
within the stated standards, the proposed method dees,not cause any problems:

e Concluding, the propesed approach consists4of the fellowing characters: The proposed
method is DG. System frequency instead of tripping at the same time

e After the loss of the mainigrid,"they\VU/THD approach finds the islanding condition and
the bilateral reactive power variation 1S carried out, hencethetime of detection is less.

e The proposed hybrid method has4no harmoniciecomponents and only has a suppressive
effect'on the power factor when the BRPV method Isenergized.

emSince the R BRPV jsystem is activatedhby VU/THD system only when island conditions
are suspected, the BRPVAsystem can be coordinated with the signal of the trigger from the

VU/THD system so'that the hybrid system performs clearly in multi-inverter systems.

3.5 Parameter Design
The threshold structure of the VU/THD system could not be examined in depth until now.

Therefore, for the first, time, this paper examines the portal design due to the equivalent round
strategy.
The passive model threshold in the hybrid approach is

Avu > 50% orAthd >100% (15)

To the analysis of VU diffraction, when remote from the phase, there are 3 system
conditions: (i) 3-phase distributed generator unit powers several types of single-phase loads, it
makes AVU greater than 50%. (ii) 3-phase distributed generator unit powers the similar type of
single-phase loads, but the power variance is huge, here, the frequency goes beyond the allowable
range, (iii) critical condition to island detection is the distributed generator unit powers the similar

types of single-phase loads, also the power variance is smaller.
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Figure 8 represents the equivalent circuit diagram of the phase-connected inverter. The
inverter is denoted by Norton equivalent circuit, in which the current source is parallel to the
inverter output resistance Zo. And is expressed by the equivalent circuit of the phase winding,
where the best voltage source is in the ug and phase resistance Zg = Rg + jXg series. And the inverter

can distort the output current

IInv = IPS + Ins (16)

Here, the +ve series and -ve current series are represented as iPS and iNS, so the —ve series

PCC voltage under grid-connected mode is

_ ZGZLoad |

V. =
ZG + ZLoad

ns ns

(17).

The current is deemed as stable at th ens. Thus, the -ve series

voltage of PCC after islanding is

=z, |

Load " ns

Y

ns

(18)

If the power mismatch is sma s smaller than

that of the vPS.

(19).

f grid impedance. Inspect, the short-

(20)

) line voltage with inverter power. Assuming that the
distributed genera ; ity power factor, the relationship between rated power and

load impedance is as
|ZLoad| = |ZG '

21)

Assuming Rg =n - Xg,

V(rG + rLoad )2 +Xé \/ 2 2
-1= [1+scr®+————.scr-1
e +x2 VNZ+1 22)

While AVU threshold is set to be 0.5, this detection method is exhibited as

(19) can be presented as

AVU =
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\/1+ scr? + 2N scr—-1>0.5
N2 +1 23).

If N> 0 (24) is correct, it obtained as SCR> 1.12. While n denotes known value at the practical

stage, the SCR value may additionally minimize. At IEEE. 1547-2003, the grid-connected inverter
is evaluated to work stable in SCR> 20, weak phase on HVDC scheme exhibits SCR <3 in IEEE Std.
1204-1997 [34]. Therefore, the threshold structure of gVU> 50% is adequate to detect the island
under different phase conditions.

It has to do with local load circumstances and harmoni tion. After islanding, the THD
is proportionally large. The

voltage harmonic does not exceed the threshold whe ive load is comparably higher or

reliability in the VU/THD mode. The VU, ing i iate in the suggested
approach to pre-identify the island stages.
DZ. When set
he 50 Hz syste

To BRPV mode, it can remo
IEEE std. 1547, fmax, fmin are specified

50.5 and 49.5 Hz,
Opis > 9%P (24)

The amplitu active Power Variation is

represented as,

(25)
Qdis = 5% P at BRPV, there is a lack of

wer equals Qdis , -Qdis respectively, i.e non-

litude -Qais have been chosen as equal perturbation

(26)

t, =150MS @7

Here, the variation time is denoted as TQ. Based on the analysis the system transient
response is evaluated. During time constant of first-order filter T = 0.001, proportional integral
controller parameters KpPLL = 10, KiPLL = 2000, the transient response time is computed as t s =
70.4 ms.

4 Result and Discussion
A novel hybrid approach is proposed for the islanding detection of Distributed Generation

units. The proposed hybrid approach is the consolidation of an active and passive model, in which,
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the BRPV method is used as a selected active model, and VU/THD is used as a passive model. In this
proposal, active and passive models are utilized to detect the islanding of the DG system. By then,
the performance of the proposed technique is activated in MATLAB/Simulink, then the
performance is analyzed under three case study conditions: Before Islanding, During Islanding, and

After Islanding condition.

CURRENT(Amps)

(Seconds)

rid Current

Grid current is depicted in Figure9(a). The
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Figure 10: (a) DG Voltage, (b

The islanding of DG voltage is seen in Fi . e flows from -300V to 300V

over a time period of 0 to 0.45sec, then beco
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: o
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Figure 11: (a) Load Current, (b) Load Voltage.

The islanding of load voltage is shown in Figure 11(b). The load voltage changes from -400V
to 400V over a time period of 0 to 0.45sec, after which the DG voltage drops to zero.
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5 Conclusion
The proposed method is the consolidation of the active and passive model, in which, the

BRPV method is used as a selected active model, and VU/THD is used as a passive model.
Integrating these models, it minimizes the limitation of each model, at the same time
incorporating its advantages. In particular, the BRPV method is induced only if island status is
suspected by the VU/THD method. By doing so, the performance of islanding detection is
substantially enhanced without lessening the power quality. Moreover, this proposal modifies the
typical VU/THD method for realizing rapid with accurate detectieon, also the principle of threshold
setting is examined on the basis of equivalent circuit stratégy. Byathen, the performance of the
proposed technique is activated in MATLAB/Simulink sitet

6 Availability of Data and Material

Data can be made available by contacting the eorresponding author.
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