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Abstract In this paper, control and performance of an active islanding detection
method have been analyzed using g-axis controller. The detection approach is based
on disturbance injection via g-axis controller, which measures the mean absolute
frequency variation of the voltage at the point of common coupling (PCC). Islanding
identification provided by the g-axis controller method found to be efficient and
reliable. The efficacy of the islanding identification method has been tested in the
MATLAB/Simulink 18.0(a), for load of quality factor (Qy = 2.5) and analyzed.
It offers the several contributions/benefits, viz. the islanding identification time is
180 ms (which is better than several other techniques in the literature), which correctly
distinguishes between non-islanding and islanding scenarios, compatible with all
international standards.
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1 Introduction

Nowadays, the renewable energy sources (RES) based distributed generation (DG)
has been increased substantially in the distribution grid. The most practical DG tech-
nology during the past ten years has been grid-connected photovoltaic systems, which
have advantages in terms of installation, less maintenance cost, economical, sustain-
able sources, and green energy such as ecological friendly and can be harnessed for
DG [1]. Despite the benefits of solar PV, they also pose some risks; as a result, the
grid integration of DG necessitates protection and safety concerns in the distribution
network [2].
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In order to ensure the safety, the detection of the island operations of distributed
generators has become very important. Microgrid islanding arises as a consequence
of breakers accidentally tripping, resulting in a significant threat to the safety of staff,
damage to the equipment of utilities, consumers, etc. Islanding refers to a situation
where energized DGs are disconnected from the bulk power grid, providing power
only to the local loads for the time being [3, 4]. The rapid detection of an islanding
activity is acompulsory requirement, for seamless connection to preserve the stability
of the procedure and supplying likewise, critical demand of loads. Methods of island
detection (IDMs) are broadly divided into remote and local categories. In the literature
[3, 6], the remote islanding detection method has been proposed by Bayrak et where-
as remote IDTs which are not suitable for small microgrids because of the increased
investment due to communication system. It is possible to apply these reliable and
fast schemes to synchronous- as well as inverter-based DGs. However, the increased
burden due to expense is recognized as the key constraint [7-9].

Local islanding detection technique (IDT) is usually limited to the common
coupling point (PCC) and different parameters are monitored and evaluated for
decision-making, such as voltage, current, frequency [10, 11]. There are three kinds
of local IDTs: passive, active, and hybrid techniques. Recent passive approaches are
illustrated by a few examples in the literature [12, 13]. Although these solutions
can be applied easily and cheaply, they have a large non-detection zone (NDZ) or
circumstances where power generation and consumption are nearly matched but not
detected by islanding. Another difficulty is choosing a threshold value of algorithm
for island detection, which is the trade-off between false tripping and minimum non
detection zone (NDZ). To extract features from the frequency domain, a number of
mathematical approaches have been employed. A magnitude of frequency-dependent
impedance-related data for the passive IDT has been proposed in the literature [11].
To identify islanding, the inverter’s output voltage’s content of ripple is analyzed
in the time domain [6]. In [11], the criteria for island detection are voltage and
PCC harmonic characteristics. Including positive feedback to active IDT’s different
inverter control parameters, such as voltage, frequency, and phase angle, conse-
quences an unstable system when the inverter is controlled and the grid is discon-
nected. To enhance the NDZ and PQ degradation, hybrid method including two local
IDMs has been developed. Under standard operating circumstances, the standard
of power has not been impacted [14, 15]. Nonetheless, difficulty and costs are still
regarded as the biggest disadvantages in the hybrid methods of IDMs. For the purpose
of detecting islands depending on reactive power and load control approach, Laghari
et al. have presented a hybrid strategy [16].

In this paper, an active islanding detection islanding detection system using g-
axis controller, has been developed and implemented in MATLAB/Simulink. Further,
performance has been analyzed. Approach is based on ig;s injection via g-axis, which
measures mean absolute frequency variation in PCC voltage that passes through the
bandpass filter. Islanding identification technique has been analyzed and validated
using MATLAB/Simulink 18.0(a), for loads with quality factor (Qf) of 2.5.
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The following are the major contribution/benefits of the islanding detection
method.

(1) For the load of (Qy = 2.5), identification time is 180 ms.

(2) Finds unintentional island creation more quickly than many earlier works.
(3) Correctly distinguishes between non-islanding and islanding scenarios.
(4) Compatible with all international standards.

(5) It can identify islanding for all loads up to the quality factor (Qy) = 2.5.

2 Test System Configuration

Single-line diagram of RES-based microgrid is shown in Fig. 1 which comprises
three DGs, out of which one is SPV-based, second is wind energy conversion-based,
and third is fuel-cell-based DG, which are connected with parallel load at the PCC.
Furthermore, in the present study, to analyze the control and performance of the
islanding detection system, the test system has been developed for one DG, load, and
grid to minimize the complexity. The test setup has been shown in Fig. 2, respectively,
which comprises one DG (SPV system), and load at PCC is integrated to the grid.
The load is adjusted to be in resonance with the 50 Hz system frequency. To facilitate
the islanding identification capability, DG is integrated with the proposed islanding
detection technique.

DG Unit-2

............................................................................ -CB-2 CB.3.. y DG Unit-3 s
/ Rf Lf
| l Interfacing: Pl ‘::;:?::ss
Wind tarbine inductors :
: : PCC
DG Unit-1 il ... Threephase Grid
; i CBAL | C.B.
i : i Rs Ls
: Interfacing Source =
H ¥ inductors inductance
. Solar PV H
Array C.B.: circuit breaker :

Fig. 1 Single-line diagram of RES-based microgrid
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DG Unit-1 Three phase grid
Interfacing inductors Searce Inductance
RI Lf 3 . CB. Rs Ls

C.B. 1 Circuit breaker

Fig. 2 Grid-integrated PV-based microgrid

3 d—q Control for Islanding Detection

d—q axes’ current controllers regulate real and reactive powers supplied by the VSC,
respectively. The equations are given below:

* (vg *ig), 1)

* (vg *ig). 2)
The following are the current equations for the inverter output:
iq dref
lg Lgref
In the present study, an investigation method is proposed along with the injection
of a sinusoidal waveform working as a disturbance signal at a single frequency via

g-axis controller. Disturbance signal frequency is injected into the grid, to test for
the islanding formation. Furthermore, for an active islanding detection, the equations

are reframed as:
|:idi| — [ idref ] (4)
iq iqref + idist‘ '

idist, = Igr * SIn wdt. (3)

In this investigation, a single 20 Hz signal of magnitude equal to 1% of rated i,
is applied to the VSC. To perform VSC at unity power factor, /4. is set to 0. Under
perfectly matched power conditions (between the solar PV system and load demand),
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Fig. 3 Block diagram of d—q active control

frequency responses with and without injecting disturbance of current signal via g-
axis show that without the injection of the current disturbance, the frequency variation
on post-islanding is negligible. Because of this, the majority of passive islanding
detection are inefficient at detecting the island formation. Only in post-islanding
conditions, the current disturbance injection significantly changes the frequency of
the voltage signal [17-19]. To determine whether the frequency variation is caused
by islanded or non-islanded conditions, the frequency is further evaluated. Figure 3
depicts the entire block diagram for inverter’s d—q current controllers.

4 Active Islanding Detection Technique

A good research technique should be able to distinguish exactly between the island
and non-island conditions in addition to being able to identify the islanding condition
more quickly. Therefore, one such investigation technique based on the integration
of BPF and AFV e, is studied and validated in the present work.

4.1 Bandpass Filter

In the event that the grid frequency deviates more than 0.5 Hz, the active islanding
detection technique identify whether island or mal- identify.
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4.2 Absolute Frequency Variation (Mean)

Absolute output of BPF is used to calculate AFV ean, Which is presented as follows:

AFV pean = (%) / (AFV(¢))dt |. (6)
-T

T is period of time of injected wave and ¢ is instantaneous time.

4.3 Phase-Locked Loop (PLL)

The PLL is used to determine the frequency of the PCC voltage, angular frequency,
and the theta needed for transformation from abc to dq0 and vice versa.

4.4 Threshold Settings

Figure 2 depicts the test system, simulated for solar PV and load ratings under
perfectly matched power conditions (between solar PV system and load demand).
Peak frequency variations are observed and recorded for post-islanding circum-
stances. The AFV and AFV e are then calculated using Eq. (6).

It is important to note that simulations show that peak frequency deviation for any
well-matched solar PV system and load demand is roughly equal to Oy =2.5. As a
result, the threshold is set at 95% of the derived AFV e, Values, as shown in Table 1.
The following generalized expression to estimate peak variation in frequency with
respect to Oy under perfectly matched power state is given below in Eq. (7):

Deviation in peak frequency = —0.042 In (Qf ) 4+ 0.1004. @)

The loads of Oy = 2.5 have been recommended for use by several standards and
are therefore threshold 0.037 has been used in this paper.

Table 1 Estimation of threshold value

S. no | Quality factor (Qr) | Power rating (kW) |Peak deviation | AFVean (Hz) | Threshold
(Hz)

1 2.5 10.25 0.061 0.039 0.037




Control and Performance Analysis for Active Islanding Detection Using ... 595

SRS SRS

Fig. 4 Islanding detection technique

4.5 Islanding Detection Signal

The PLL is used in simulations to determine the frequency of the Vpcc voltage.
Furthermore, estimated frequency is passed through the BPF, and the output is taken
as an absolute value. AFV ,ean is then calculated using Eq. (6). For the purpose of
comparing the stable value to the threshold, AFV .., is computed. Logic 1 repre-
sents the islands’ formation, if the AFV ., surpasses the thresholds for the dura-
tion more than 90 m, while remaining is at logical “0” if the estimated AFV e, falls
below the threshold and indicates the non-islanded state in less than 90 ms. Figure 4
depicts islanding detection system, the deliberate time delay is 90 ms, and it is calcu-
lated using simulations under adverse scenario and several literature surveys. The
intentional time delay is required so that the islanding detection technique does not
mistakenly identify transients as being on an island when they are not. The proposed
technique’s step-by-step process in Fig. 5 is depicted.

5 Case Study: Islanding Under Perfectly Matched Power
Condition

Frequency deviation is negligible without current disturbance injection while island
generation, the islanding detection technique is evaluated in this section under crit-
ical state (between the solar PV system and load, i.e., perfectly matched power).
Consequently, the optimal power condition is tested for Qr = 2.5. Solar PV system
is islanded along with the local load from the distribution grid at 0.2 s. For the
completely matched power condition in grid-connected and islanded modes, the
waveform and response of frequency are shown in Figs. 6 and 7, respectively. Even
in the case of a perfectly matched power state, islanding detection is proficient of
locating the islanding development in less than 180 ms.



596 A. Kumar

«

Fig. 5 Flowchart of control algorithm
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Fig. 6 Waveform: PCC voltage, inverter current, and load current
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Fig. 7 Response: a PCC voltage, b inverter current, and ¢ load current

6 Conclusion

In this paper, an investigation technique was analyzed along with the implementation
of active islanding identification though g-axis control based on disturbance injection.

The islanding identification is provided by the g-axis controller method and tested
in the MATLAB/Simulink 18.0(a), under the load quality factor (Qr = 2.5). It
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offers the several benefits, viz. the islanding identification time is 180 milliseconds.
Furthermore, correctly distinguishes between non-islanding and islanding scenarios,
compatible with all international standards. It is found that islanding technique is
very effective efficient and reliable. However, the islanding detection system can be
employed for multiple DGs, and further research is being carried out to extend up to
33 and 66 bus systems.
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