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1. INTRODUCTION

The regular utilization of nonrenewable systems damages the weather and is decreasing. So, the
universe considers renewable energy sources (RES) [1]. The RES connected into the main utility at the
consumer stage is termed as DG. These DG sources are producing islanding in the integrated systems [2].
Although a segment of an integrated network is separated against the utility and extended to feed to the
regional load associated is known as islanding [3]-[5]. The perception of islanding production in the DG-
integrated system is depicted in Figure 1. The islanding in the integrated network is different categories; they
are unintentional and intentional islanding [6]-[8]. It may cause due to damage in the system, manual
disconnection of CB for regular repair and an effect of description. From the DG linkage requirements, the
islanding must be recognized in 2 Sec immediately islanding with its apparatus [9]-[11]. The islanding is
hazardous to workers and apparatus associated with the associated system, it produces asynchronous
interconnection, frequency and voltage deviate their standards [12]-[14]. The islanding recognition
approaches are categorized as remote and local islanding recognition approaches [15], [16]. The regional
approaches use the native signals at point of common coupling (PCC) for situation detection [17]. The
remote approaches are communication sharing techniques, later collecting the information from both user and
grid side they detect the islanding [18]-[20].

The regional islanding recognition approaches later categorized as passive, hybrid and islanding
recognition techniques [21]. They are facing high non-detection zone (NDZ) against to hybrid and active
techniques. The area of parameters where any recognition technique declines to recognize it is termed as
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NDZ [22], [23]. Due to harmonic perturbations, the hybrid and active techniques affects degrading the power
quality [24]-[26]. By combing the intelligent approaches with the passive approaches, the NDZ is further
reduced. The artificial neural networks, fuzzy logic, decision tree models, wavelet transforms, s-transforms
are the combinations used for extreme classification of events and reduction of NDZ [2], [5]. Recently the
convolution neural network based deep learning approach is presented which has very small NDZ [27], [28].
In this article, a new passive recognition technique is suggested based on RCPABPSVAC. This method
recognizes the islanding when the angle among positive sequence voltage and current is more than the
threshold value.
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Figure 1. Islanding in integrated power network

2. BALANCED ISLANDING OF DG

The sample network selected for islanding creation is placed in Figure 2. This network is identical
as the bench network for IEEE 1547 DG integration specifications [14], [27]. The assumptions for RLC are:
- Load frequency and system frequency are identical
- Load quality factor is Q= 2.5
- Assumed balanced islanding. i.e., AP = AQ = 0

From Figure 3, when S1 is isolated, the situation is produced and renewable DG connects the load.
The passive parameters are in standards, if no system is available to deviate from them [14]. It can be
recognized as (1)-(4).

AP, AQ PL,Q AP, AQ r,o

ST PaAP QAR J « TRl s
TN — >

(N) \f:) @ (N)(ll’\' ) @
b § == . 9

l‘_‘: ¢ ; Tn+n‘]1.+u.3. cch o

Figure 2. Test network for integrated operation  Figure 3. Test network for islanding operation
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where L, C, R,Q(P and f are load inductance, capacitance, resistance, quality factor, active power, and
frequency respectively [29], [30]. The balanced islanding is one, in which the load and DG capacities are
same. The balanced situation is defined in (1)-(4) and that operate the system at unity power factor by
keeping reference reactive power zero. After islanding, the passive parameters are forced new values as (5).

1

f = 2m,/(L+AL)*(C+AC) (5)

The change in frequency is thus obtained as (6) and (7).

1 1
f'=f _ 2mJU+AL)x(C+AC) 2mVLC
- 1

(6)

-
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for_ Vi _y @
f J@+AL)s(C+AC)

Maximum and minimum frequency threshold values for islanding should follow equation (8).
fmin

VLC fmax
J(@L+AL)«(C+AC) f (8)

f

At balanced islanding AL*AC =0, the eq. (8) is modified to (9).
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The affiliation among the AL, ACcan be found as (10).
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assume the following approximations, if
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against (9) and (12).
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2
The P against islanding formation is P = V;. Later islanding formation, it is represented as P =

2
For the system of current controlled procedure, the balanced supply is:

(R+4R)’
Vi (Va2 V2
(R+AR) ~  R+4R R
AR AV | [4V\?
T=25+(%) (14)
2 2
early islanding time, the grid feeds AP to the RLC load, 4P = (RKAR) —V? The normalization of APis
given by:
p vZ  v? 4 AR
P _ ®R+4R) R _ —4R _ R
STV Twmamo IR (15)
R R+1
placing (14) in (15).
AP 2ﬂ+(ﬂ)2 1
ap _ IpHy) -1 (16)

PTG G

The (16) can be changed as (17), as per IEEE 1547 standards

2 2
[ v j —1sA—Pg( v ] 1 (17)
Vmax P Vmin

with (13) and (17) and IEEE 1547 standards of voltage and frequency allowable limits, we can write:

—17.36% < % < 29.13%:; —5.94% < % < 411%

the above all equations indicate, after islanding the passive parameters are forced to new values.

3. TEST SYSTEM

A 100-kW solar system is integrated with a 120 kV main network through a DC-to-DC converter,
voltage source inverter, filters, CB, transmission lines transformer [31]. The solar system has 330 solar
panels which have 66 strings of 5 series associated strings are placed in shunt to generate one-kilowatt power
(66*5*305.2 W= 100.7 kW). Each panel has an open circuit voltage of 64.2 V and a short circuit current of
5.96 A at 1000 W/m? solar irradiance and 25°C ambient heat. The DC/DC structure increases the output
voltage of solar panels by using MPPT techniques. This structure uses incremental conductance and integral
regulator approach for the same. This boost converter steps the output voltage to 500 volts and gives it as
input to the inverter. The grid connected solar PV system as a test system shown in Figure 4.
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Figure 4. Grid connected solar PV system as a test system
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The inverter increases the 500V DC voltage into 260V AC voltage at the output of the inverter.
After sending it through filters the voltage and current harmonics are eliminated. The ripple-free voltage is
stepped up and integrated into the 25KV feeder and 120 kV grid. The control circuit for integration is shown

in Figure 5.
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Figure 5. Control circuit for grid integration of PV system

4. PROPOSED ISLANDING RECOGNITION APPROACH

The passive islanding recognition approach finds the situation based on the recognition of changes
in the passive signals [9]. The process of the proposed approach is depicted in Figure 6. It finds the islanding
when the change in passive signal RCPABPSVAC is above the set value.
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Figure 6. Proposed approach flow chart

5. SIMULATION RESULTS
The simulation results of the suggested strategy are implemented on MATLB/Simulink 2018b

environment. The computer simulations are carried on the test bench presented in Figure 4, with the
suggested islanding approach for various power mismatch cases. The C.B is closed in the grid integration
stage. The software results of voltages, currents, reactive power and active power under steady-state as
depicted in Figure 7. The frequency and DC voltage are in Figure 8. The zero sequence, negative and positive
sequence voltages in the grid synchronization mode are depicted in Figure 9, the negative and zero sequence
signals are null and only positive components will exist in the grid integrated operation.

Indonesian J Elec Eng & Comp Sci, Vol. 23, No. 1, July 2021: 32 - 40



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 0 37

VP.U)

AP.V)

P (MW)
°

1 T T T

Q(MVAr)
°

05

QOU'

0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.49
Time(Seconds)

Figure 7. Simulated results in grid integrated mode of procedure
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Figure 8. Grid integrated mode DC link voltage and frequency

—— Positive sequence voltage
Negative sequence voltage | -

a 05
Zero sequence voltage
0
' L L A '
04 05 06 0.7 08 09 1

Time (Seconds)

Figure 9. Sequence components in grid associated mode of connection

Figures 10 to 13 indicates the simulation results for islanding cases when load is 100kW, 70kW,
50kW and 120kW respectively. At t=0.5 sec, the islanding is produced in the system. Figures 14 to 15
indicates the simulations for non islanding cases. In these two cases, the switching is done at t=0.4 sec and
0.8 sec respectively. From islanding and non islanding cases it is found that the oscillations in the
RCPABPSVAC are discriminating. Hence by fixing a suitable level set value to the suggested technique, the
islanding can be confirmed hardly in less than 20 ms. The correlation of the suggested approach with existing

techniques in the literature is presented in Table. 1.
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Table 1. Suggested approach against existing procedures

Approach Islanding estimation time
Rate of change of frequency [5], [2] 500 ms
Positive sequence voltage and current [11] 100 ms
Active rate of change of frequency [8] 200 ms
Regulator voltage over reactive power [25] 300 ms
Proposed approach 20 ms
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Figure 10. RCPABPSVAC for 100 kW load Figure 11. RCPABPSVAC for 70 kW load
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Figure 14. RCPABPSVAC for capacitor switching  Figure 15. RCPABPSVAC for 50HP motor switching

6. CONCLUSION

This article projects a novel islanding recognition approach based on the changes in phase angle
among positive sequence voltage and current signals. The suggested approach detects the islanding in lower
than 20 ms which is very small compared to the IEEE 1547 DG integration standards. The suggested method
recognized the balanced islanding, near power mismatch islanding situations and non islanding situations
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very exactly. Hence the suggested technique is very speed and accurate in the islanding detection process. In
the future it can be extended by combing passive techniques with artificial intelligence techniques for proper
classification of events and for reducing the detection time.
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