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Abstract

Islanding detection is an essential function of the grid-connected inverter of distributed power
generation system. The deficiency of traditional islanding detection methods should be given due
importance, especially the phenomena such as islanding detection failure when the output power of the
inverter balances with the load power, and the use of active frequency and phase shifting method affecting
the quality of power. In this regard, an improved islanding detection method based on adaptive voltage
positive feedback was proposed. A mathematical model was established, and the hardware circuit was
tested. The constraint conditions on the success of islanding detection and the pattern of voltage variation
at the point of common coupling before and after incorporation to the grid were studied. The simulation
result shows that this method has the advantages of high detection speed, small blind area and high
reliability. The index requirements specified in IEEE Std.2000-929 are met. The reasonability of the
proposed scheme is verified.
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1. Introduction

The grim situation of "energy-saving and emission reduction" boosts the large-scale and
rapid development and application of distributed generation (DG). Therefore, a considerable
amount of renewable energy is converted by inverter before being incorporated to the grid.
Because the DG connection to grid can give full play to its energy efficiency and improve the
operation economy of the power system, the ways of power generation and inversion in this
field have become the core and focus of research workers in recent years [1, 2]. One of the
most key technologies is islanding detection [3-5]. Islanding refers to the condition in which the
inverter still supplies energy to the power grid even when the grid breaks down. It forms a self-
supported power supply system with the local load, which is independent of the control of public
power grid [6]. Islanding may threat the sequence of the protective action of the power
distribution system or the restart of automatic reclosure. The phenomenon of non-simultaneous
grid connection may also appear. In this case, the power supply control device may be
damaged, and even personal injury may be caused [7, 8]. Therefore, the research of islanding
detection has very important practical significance for eliminating the harm of islanding and for
maximizing the energy efficiency of renewable power generation system.

Many islanding detection methods are mentioned in the existing researches. They are
mainly divided into two types, remote and local. The former has only found limited applications
because of the high cost of operation; the latter can be further divided into active and passive
mode. Passive islanding detection method is mainly based on the variation of electricity quantity
of point of common coupling (PCC). The problems such as blind area and setting difficulties
exist [9, 10]. The active islanding detection method has higher reliability. But the relevant
detection strategy or algorithm theory is not reasonable. The adverse effects are highly
probable. Negative sequence current perturbation method mentioned in literature [11] realizes
the islanding detection by periodically injecting negative sequence current to the grid and
detecting the voltage component of PCC. But due to the existence of unbalanced current in the
DG system itself, the probability of erroneous judgment is obviously increased. Islanding
detection method using the given P-U and Q-f power curves is simple, with small blind area. In

Received December 21, 2013; Revised February 12, 2014; Accepted February 26, 2014



4406 = ISSN: 2302-4046

the meantime, no harmonic pollution is caused to the power grid. But its objects of application
need to include the power control link, and the detection time is affected by the [12] power
enormously. Thus, the practical application is narrow. Literature [12] indicates that when the
Sandia frequency shift anti-islanding method was used in the three-phase constant-power
system, the detection performance was attenuated. Literature [13] presented an islanding
detection method using Q-f sag curve, which was tested according to IEEE 1547 and UL 1741
standards. But the effects of outer loop power on the detection algorithm were not considered.

The gain coefficient of the traditional islanding detection with voltage positive feedback
is a fixed value. Whether the power of distributed power supply matches with the power required
by load has a large impact on islanding detection [14-17]. When the voltage injected into PCC
by the inverter is large, the detection effect is satisfactory, with high reliability. But the quality of
power may be affected. On the contrary, the islanding state may not be easily discriminated.
When the output power of the grid-connected inverter is equal to the local load, the voltage of
PCC will no longer change, and this method will fail. The islanding detection method designed in
this study can dynamically give the current value of the inverter. The output voltage amplitude of
the port varies according to direction of voltage variation, thereby increasing the deviation of the
voltage of PCC after losing voltage, which is favorable for islanding detection. The voltage
variation of PCC after islanding develop in the same direction as positive feedback, thus
increasing the deviation of the voltage of PCC and improving the success probability of
islanding detection.

Islanding detection employing voltage positive feedback is featured by high reliability
and small blind area. But the specific algorithm is not yet fully studied in relevant literature, and
there is a lack of theoretical support. This study analyzed the specific algorithm model for
islanding detection in detail, tested the hardware circuit and verified the effectiveness of the
proposed scheme by simulation. It provides a theoretical basis for the relevant study on the
islanding detection of distributed power generation system.

2. Principle of Islanding Detection Employing Voltage Positive Feedback
2.1. Passive Islanding Detection

The method for passive islanding detection is shown in Figure 1. The principle is to
acquire the power output of the distributed power supply, or the voltage u®, and frequency, @
of PCC to detect islanding. For the convenience of analysis, the local load is replaced by the
RLC parallel model. The judgment process is shown as follows.

1) The distributed power supply operates in connection to grid and the active power of
the distributed power supply does not balance with the power required by local load. Then
according to the principle of conservation of energy, the power balance equation could be
obtained:

inverter
source

S
R§L:C

P+iQ transformer breaker grid

©

AP+AQ

Figure 1. Equivalent Model of Islanding Detection

P=P, +AP (1)

Q=Q +AQ (2)
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P.=3U2/R (3)
Q. =3U2/(wC -1/wL) (4)

In the equation: P and Q are active and inactive power output of inverter power supply,
respectively; P, and Q_ are the active power and reactive power required by local load,
respectively; AP and AQ, are the differences of active power and reactive power, respectively.

2) When islanding occurs, the output power of the inverter remains unchanged. When
the power required by load balances with the inverter power, then the following relationship
could be obtained:

P=P'=3U2/R (5)
Q=Q,=3Q¢/(wC -1/wL) (6)

Where @' = @ + A o is the angular frequency of PCC after islanding occurs; U;, =

UP + A UP is the phase voltage of PCC. When the above 6 equations are combined, the
following can be obtained:

AU, = JUZ+APR/3-U, (7)

It is obvious that the mismatch between the inverter power and the local load power
causes the fluctuation of the voltage of PCC. In this case, the passive detection is more
effective. The methods for passive islanding detection are widely reported in the literature.
There is no need for discussion here. On the contrary, if the powers of the two equal, then there
is no voltage fluctuation of PCC. However, the passive detection is more likely to fail. Therefore,
this article presents an active islanding detection method.

2.2. Active Islanding Detection Algorithm

The core of islanding detection algorithm employing adaptive voltage positive feedback
is expressed as follows: the voltage of PCC incorporated to the distributed power supply is
compared with the voltage of the system, and the perturbation value is introduced as the given
component of the current output of inverter. Then according to the preset algorithm and positive
feedback compensation principle, the model established is expressed as.

The model of the preset algorithm:

I, =kU, +U, (8)
U
U =—F U, =K, | k=+LU >U,_
U
um 9)
U, :Um Uy =—|Ks| . k=-1U <U_

Where |y is the current perturbation of inverter; U, is the feedback of intensity coefficient;
U, and U, are the peaks of voltage PCC and the system, respectively; k is the adaptive
coefficient; Uy is the periodic perturbation. In the islanding detection algorithm employing
voltage positive feedback, the formula for output current of the inverter in the distributed power
generation system is expressed as follows:

I, =(l, +kU, +U,)sin(e,t) (10)
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Where Im is the preset value when the inverter is in the normal operation. In order to
speed up the islanding detection, the improved algorithm is used. Then the output current of the
inverter is written as follows:

I, =(,+kU?>+U,)sin(a,t) (11)

In the ideal system, the value of U, is constant. But the actual voltage of the power grid
has fluctuation. The theory suggests that the voltage peak of the grid is kept constant within a
relatively short period. At the same time, when the inverter is connected to the grid, then U,=
Un. It can be assumed that U, ()= U, (r-n). That is to say, in a relatively short period of time,
the peak voltage of the power grid of the rth cycle is equal to the peak voltage of point p of the r-
nth cycle. It is assumed that power grid fails in the r cycle. In the subsequent n cycles, Um can
be represented by the normal outputs, Up(r-n+1), Up(r-n+2), ...... Up(r), of the inverter.

U,(r+1)=U (r-n+1)

ie. U,(r+2)=U(r-n+2)

U,(r+n)=U (r)

Based on this assumption, the output current of inverter is given by:

_ u,m ) U SU .
IO(r)_(ImH{Up(r—n) +U,)sin(a,t) U, >U, (12)
|o(r)=(|m+|<(M +U,)sin(ot) » U, <U, (13)

U, (r)

To verify the effectiveness of the abovementioned algorithm, several possible situations
of system voltage fluctuation are discussed:

(1) When Uy,>U,, and the islanding occurs in the r cycle, then Uy(r)>Un(r) = Up(r-n). It
can be seen from Equation (8) and (9) that the perturbation current of the inverter in the r+1th
cycle will increase. Therefore, the given current of the inverter increases. According to the
positive feedback principle of Figure 2(a), it can be inferred by analogy that the voltage of PCC
has a rising trend. When the current increases to a certain value, the voltage of PCC rises to a
preset threshold, then the system detects the islanding state. At this time, Uy plays the
regulatory function by employing the voltage positive feedback, which contributes to the
islanding detection.

(2) When Uy<U, and the islanding occurs in the rth cycle, then Uy(r)<Uny(r) = Uy(r-n). It
can be seen from Equation (8) and (9) that the perturbation current of the inverter in the r+1th
cycle will be reduced. Thus, the given current of the inverter decreases. As inferred by analogy
from the positive feedback principle of Figure 2(b), the voltage of PCC also has a decreasing
trend. When the current decreases to a certain value, the voltage of PCC drops to a
predetermined threshold, then the system detects the islanding state. At the same time, Uy
plays the regulatory function by employing the voltage positive feedback, thus accelerating the
islanding detection.

(3) When islanding occurs at U,=U, and the output power of the inverter is equal to the
load power, it is most difficult to detect the islanding. Equation (8) and (9) indicate that the
auxiliary control effect of Uy=-K4 is obvious. The introduction of Uy reduces the output current
of the inverter. Then the voltage of PCC decreases. When Uy<U,, is satisfied, the working
process is similar to that in the second situation. The response time under voltage variation of
the distributed power supply is shown in Table 1.
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Figure 2. Working Principle of Positive Feedback

Table 1. Voltage Response Schedule of Distributed Power Supply

Voltage of power of Requirements
interconnection

U<50%Uxn The maximum opening time not exceeding 0.2s
50% Un <U<85%Uy The maximum opening time not exceeding 2.0s
85% Un <U<110%Ux Continuous operation

110%Uyn <U<135%Uy The maximum opening time not exceeding 2.0s
U>135%Uy The maximum opening time not exceeding 0.2s

3. Hardware Circuit of the Detection System

The detection circuit is designed to cause the periodic perturbation to the amplitude of
output current of the inverter to increase the deviation of voltage at PCC after islanding occurs.
The preset value of the output current of the inverter consists of two parts: Im is the preset value
of power in the normal operation, with the additional current perturbation quantity as lg. The
hardware circuit for the detection is shown in Figure 3. The phase lock loop (PLL) ensures that
the voltage of PCC and output current of inverter are in the same frequency and phase.
According to the principle of positive feedback control, the higher the voltage of PCC, the larger
the current of inverter, thus causing the voltage of PCC to further increase. On the contrary, the
voltage of PCC reduces. Thus, the reliability of islanding detection is guaranteed.

Vs
r  k L

grid

+
DC |——
Cl

K K

control signal

<‘>J feedback

Figure 3. Diagram of Hardware for Islanding Detection Employing Positive Feedback

4. Simulation Study

The simulation parameters: voltage of system 220V, frequency 50Hz, output power of
inverter 3kW, output current 15.2A. It is supposed that when the output power of the grid-
connected inverter is equal to the load power, the island occurs. At this time, the frequency of
the grid is consistent with the resonant frequency of load; the quality factor Qf is 2.5. Combining
with the constraint conditions in Table 1, the design parameters are as follows: R=16,
L=20.3mH, C=500 pF. The following three situations are simulated: when Uy,>U,, the grid failure
occurs at 0.3S, then islanding ensues. Under the action of the perturbation signals and
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according to the positive feedback principle, when the output current of inverter is increased and
the voltage of PCC exceeds a preset value at the moment of 1.2S, the system detects the
islanding and the output is stopped. Figure 4(a) is the output voltage waveform of inverter.
Figure 4(b) is the voltage waveform of power grid. When U,<U, , the working principle is similar
to that in the first case. The difference is that the voltage variation is gradually decreased.
Figure 4(e) is the voltage waveform of power grid, and the fault occurs at 0.2 s. Figure 4(d) is
the output waveform of inverter. The islanding is detected at 1.2S and the output is stopped.
When U,=U, the output power of grid-connected inverter and the power required by load are
consistent. The voltage peak of PCC remains constant, which is most detrimental to the rapid
detection of islanding. But due to the effect of Ud as Figure 4(c) indicates, the Ud perturbation
can still disrupt the voltage balance of the original PCC. As a result, the voltage of PCC
decreases. Due to the positive feedback, the load voltage of PCC is reduced continuously. After
1.3S, the voltage of PCC exceeds the preset value, and the system detects the islanding and
acts accordingly. The analysis of the simulated waveforms shows that in the worst case, the
islanding can be detected less than 2 S after the action of Ud. This response time is far less
than the maximum tripping time (120 cycles) specified by the IEEE 2000-929 standard after
islanding occurs. But according to the waveforms, the time of islanding detection is significantly
prolonged. IEEE 2000-929 standard is shown in Table 1. In the table, UN is the rated value of
the voltage of power grid.
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Figure 4 (a). Output Voltage Waveform of Inverter when U b > U,

400..QY)

200 -

-200 |

-400 -

\ \ \ \ \ \ \
0 0.2 0.4 0.6 0.8 1.0 1.2 14 (8S)

Figure 4(b). Output Voltage Waveform of PCC
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Figure 4(d). Output Voltage Waveform of Inverter when U p < U,
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Figure 4(e). Output Voltage Waveform of PCC

5. Conclusion

This article presents a islanding detection strategy employing voltage positive feedback
based on fast adaptive prediction algorithm. Then the theoretical analysis and numerical
simulation are carried out. The results show that this method can increase the perturbation of
positive feedback, make the voltage of PCC less stable and improve the traditional passive
islanding detection algorithm. The algorithm increases the speed of islanding detection and
overcomes the blind area existing in the traditional islanding detection method. The principle of
this method is simple, and the effect is satisfactory. This method does not affect the quality of
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power, and at the same time, provides theoretical guidance for the islanding detection in the
power grid with grid-connected inverter. Its application is expected to be of high value.
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