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ABSTRACT

Islanding detection is one of the most important issues for grid-connected inverter
applications. A new positive-feedback anti-islanding method is presented in this paper.
It utilizes the negative sequence voltage component as a positive feedback variable,
and no additional negative sequence disturbance is needed at all. After islanding, the
positive feedback loop will force the negative sequence voltage component away from
the nominal value. A new negative sequence estimation algorithm is also presented
for the successful islanding detection. Finally, the experimental tests are carried out to
verify the effectiveness of the proposed method.

Keywords: Grid-connected inverter; islanding detection; positive feedback.

INTRODUCTION

Islanding detection has a long history of research in literature, which may date back to
the last century. The earlier investigations about islanding detection mainly focus on
large-scale power networks (Goderya et al., 1980). Afterward, with the development
of small-scale distributed renewable energy systems, the relevant research has shifted
into photovoltaic grid-connected system applications during 1980s (Vachtsevanous
& Kang, 1989). IEEE Std. 929-2000 specifies that a grid-connected inverter should
cease to energize within 2s after islanding. Since islanding causes serious problems,
such as threats to personnel safety, out-of-phase reclosing and degradation of power
quality. Therefore, it is of great importance to achieve reliable islanding detection for
grid-connected inverters (Guo et al., 2014).

Many islanding detection methods have been reported in the last decades. In general,
they can be categorized into two groups: passive and active solutions (Yafaoui ef al.,
2012). Passive solutions are simple to implement, and detect the islanding by under/
over frequency/voltage, total harmonic distortions, unbalanced factor, phase angle
jump and rate of change of frequency. However, there is a potential risk of failure for
anti-islanding protection; more specifically, nondetection zone (Ropp et al., 2000; Ye
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et al., 2004). In addition, some of these passive solutions have disadvantages of slow
response and potential risk of false tripping.

On the other hand, the active solutions deliberately introduce a change or
disturbance, and then monitor its response to confirm the islanding. The typical
solutions include the power variation (Yu et al., 2008), active frequency drift (Yafaoui
et al., 2012), current disturbance (Yu et al., 2012), sandia frequency shift (Wang
et al., 2007), positive feedback (Wang et al., 2009), and so on. Among the active
methods, positive feedback is an effective way for islanding detection. However, the
conventional voltage/frequency positive feedback methods will force the PCC voltage
to drift far away from the nominal value, which will be harmful for the seamless
transfer of a grid-connected inverter to islanding operation for microgrid applications
(Li et al., 2004; Guerrero et al., 2011).

Compared with the abovementioned methods, the contribution of this paper is to
present a new positive-feedback anti-islanding method. The novelty and advantages
of the proposed method are as follows.

(1) Do not cause any current harmonics, which is a common drawback in conventional
anti-islanding methods such as the active frequency drift method.

(2) No additional periodical disturbances required.

(3) Islanding can be identified, even the amplitude and frequency of PCC voltage are
still within the safe operating range, which is beneficial to the seamless transfer of
a grid-connected inverter to islanding operation for micro-grid applications.

PROPOSED ISLANDING DETECTION METHOD

Figure 1 illustrates the schematic diagram of a grid-connected inverter, which operates
in the current control mode (Guo et al., 2010). When the breaker S is closed, both the
inverter and grid feed the local load. However, only the inverter energizes the load
after the break S is open, due to network faults. It is so-called islanding, which should
be detected in a reliable way.
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Fig. 1. Schematic diagram of the grid-connected inverter




Experimental verification of a new positive feedback islanding detection method for grid-connected inverter 88

The control model of grid-connectd inverter with the proposed islanding detection
method is shown in Figure 2, where C(s) denotes the current controller, K is PWM
gain. U, and 7,,, are PCC voltage and grid current in ¢ stationary frame respectively.
F(U) is a function of negative sequence component of U,,. Note that the proposed
islanding detection mehtod is enabled when S, is closed, as shown in Figure 2 .

1

Fig. 2. Control model of grid-connected inverter with the islanidng detection fucntion

The initial grid current reference in stationary «f frame can be mathematically
expressed as follows:

I; 1 sin(wt)
-1 cos(wt) (M
/} m
The function of F(U) is defined as:
» kU sin(wr)
. | =FO)=| " 2)
up kU, cos(awt)

Where U, is the voltage amplitude of the negative sequence components at point
of common coupling (PCC).

When the proposed islanding detection method is enabled, the current reference
ap
track its reference I:;ﬁ with zero steady-state error control, we can obtain the following

s

Equation (3) can be rewritten in abc frame as follows:

will be equal to 7, +1,,, as shown in Figure 3. Assuming that the grid current 7, can

equation.
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Where tan g, = 7\5(1‘“ ~kUw) , tang, = 7\5(/{[]‘" ~Iw)

kU +1, kU +1,

From Equation (4), it can be observed that the proposed islanding detection method

does not cause any current harmonics, which is a common drawback in conventional
methods (Yafaoui et al., 2012).

U, 311sin(wr)
U, | =[311sin(wt —120°) 3)
U, 311sin(ewt +120°)

Under normal grid conditions, the PCC voltage can be mathematically expressed
as Equation (5). Note that there might be some harmonic components at PCC voltage,
but in a very low level compared with fundamental compoenents (Vannoy et al., 2007),
so effect of the harmonic components can be neglected for simplicity.

When islanding occurs due to network faults, only the inverter energizes the load.
The PCC voltage after islanding can be mathematically expressed as Equation (6).

U,

a
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Equation (6) indicates that negative sequence components (NSC) appear after
islanding. Therefore, the NSC amplitude of PCC can be used as an indicator for
islanding. In order to select the threshold value for islanding detection, the unbalanced
factor is defined as U, /U, where U, and U, are voltage amplitudes of the positive
and negative sequence components, respectively.

In general, a small threshold of unbalanced factor leads to a fast islanding detection,
but has a potential risk of nuisance false trip due to noises and disturbances. A large
threshold of unbalanced factor results in a long time of islanding detection. Therefore,
the threshold of unbalanced factor should be carefully selected. The specified
unbalanced factor in IEC 61000-2-2 is less than 2% under normal conditions, while
the specified unbalanced factor in IEEE Std-1159 is less than 3%. So the threshold
of unbalanced factor should be greater than 3% for the indicator of islanding. In this
paper, the threshold value is selected as 4%, which ensures the effective detection of
islanding, and meanwhile avoids the false trip in case of small threshold.
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Fig. 3. System control model after islanding

Figure 3 illustrates the system control model after islanding. It can be observed that
negative sequence components (NSC) will be amplified in a positive feedback manner.
Therefore, the islanding can be easily detected. Note that the positive feedback gain
has an effect on the real time detection of islanding. If the positive feedback gains
are very low, the islanding will not be detected in a short timely way, to open the
grid isolating circuit breaker. On the other hand, if the positive feedback gains are
very large, the islanding can be detected fast. But, the voltage amplitude might be
beyond the safe operating range, which affects the seamless transfer of grid-connected
inverter to islanding operation for future micro-grid applications. Therefore, as for
the positive feedback coefficient of F(U) (See Equation (2)) in Figure 3, it should
be carefully designed to ensure the fast islanding detection, and meanwhile keep the
amplitude and frequency of PCC voltage within the safe operating range (e.g. [(0.8,
1.1) pu and (f,-0.7, f;+0.5) Hz]). In this paper, the positive feedback coefficient is
selected as £=0.01 pu.

Another consideration that should be noted is the effect of the penetration level
of the DG units on the performance of the islanding detection method. In order to
ensure the reliable islanding detection, all grid-connected inverters or DG units are
generally designed with the same islanding method. In this way, the islanding can
be successfully detected, because all inverters will respond in the same direction to
force the negative sequence of PCC voltage, beyond the threshold value. On the other
hand, for the high penetration level of the DG units with different islanding detection
methods, it is more challenging and needs a systematic investigation, which is beyond
the scope of this paper.

It should be noted that the behaviors of real DG units, such as PV panels, as well
as the strong correlation between system disturbance and PV output voltage should
be taken into account during the islanding events. In this case, the disturbances from
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PV panel or PV output voltage will result in a transient response to trigger the positive
feedback loop and the anti-islanding protection.

Note that the fast and accurate amplitude estimation of NSC is a necessity for
the successful islanding detection. This paper introduces a new structure for NSC
amplitude estimation, as depicted in Figure 4. It can achieve fast and accurate negative
sequence extraction of ﬁ;ﬁl (s) even under a slight frequency variation. The NSC

amplitude can be easily estimated as U =/(U.)+ (U ;)" . Further details can be referred
to (Guo et al., 2011).
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(a) Schematic diagram
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(b) Implementation diagram

Fig. 4. Negative sequence estimation method

EXPERIMENTAL RESULTS

In order to verify the effectiveness of the proposed islanding detection method, the
experimental tests are carried out on a grid-connected inverter with a LCL filter
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(L,=3mH, L,=1.5mH, C=9.4uF). The power level is 750VA in the experimental setup.
The dc-link voltage of the inverter is fed with a DC power supply (rated 250V). The
system output is connected to the grid through a Yy0 380/120-V 3-kVA three-phase
transformer. The inverter is controlled by a 32-bit fixed-point 150MHz TMS320F2812
DSP. The switching is set to 10 kHz. The preset threshold value for the NSC amplitude
is 0.04pu, and positive feedback coefficient ~=0.01pu. The experimental results are
shown as follows.
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Fig. 5. Experimental results. (a) anti-islanding function is disabled after islanding. (b) anti-islanding
function is enabled after islanding. (c) Zoom of (b). (d) anti-islanding function is enabled before islanding

T

Figure 5 (a) shows experimental result with the anti-islanding function disabled. It
can be observed that PCC voltage remains unchanged before and after islanding, and
the NSC amplitude keeps zero. It is mainly due to the power match between inverter
and local load.

As shown in Fig. 5 (b), with the proposed anti-islanding function enabled, the
NSC amplitude is amplified to trigger the anti-islanding protection, except for a slight
unbalance factor of 4%. It is interesting that the amplitude and frequency of PCC
voltage are still within the safe operating range [(0.8, 1.1) pu and (f,-0.7, f;+0.5) Hz],
as specified in IEEE Std.929-2000. It is beneficial for the seamless transfer of a grid-
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connected inverter to islanding operation for micro-grid applications. Figure 5 (d)
shows the experimental result with the proposed anti-islanding function enabled before
islanding. It can be seen that the grid current is sinusoidal. In order to highlight the
contribution of this paper, the obtained results have been compared with previously
published method such as frequency deviations or THD of conventional method.
Compared the widely used AFD methods (Yafaoui ef al., 2012), where the frequency
deviation is beyond 0.5Hz and THD is 5.16%, respectively. While for the proposed
method, frequency deviation is less than 0.1Hz and THD is 1.83%, which verifies the
effectiveness of the proposed method.

CONCLUSION

This paper has presented a new islanding detection method for the grid-connected
inverter. With the proposed positive-feedback method, the islanding can be easily
detected. In contrast to the existing methods, it can achieve the reliable islanding
detection without deteriorating the grid current quality. Except for a slight unbalance
factor of 4%, the amplitude and frequency of PCC voltage are still within the safe
operating range, as specified in IEEE Std. 929- 2000. Therefore, it is attractive and
promising for the micro-grid applications, where the seamless transfer to islanding
operation is of great importance.
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