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Abstract: Unintentional islanding phenomenon has been one of the most important problems of grid-
connected photovoltaic inverters. To prevent this phenomenon, all kinds of anti-islanding methods have been
discussed. This paper presents a combined active islanding detection method, which consists of active
frequency drift method and automatic phase-shift method. The traditional active anti-islanding methods of
grid-connected PV inverters bear nondetection zone possibilities for certain paralleled RLC loads. The
combined method shows islanding detection ability effectively, and it can eliminate nondetection zones even
in the worst case conditions. Simulation in different load conditions is performed for verification.
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where the active power and reactive power of the local

Intr ion ,
0 troductio load would match that of the inverter. However, such

The development of grid-connected photovoltaic (PV)
inverters draws attention to islanding phenomenon.
The islanding condition refers to that situation in
which PV inverters continue supplying a portion of the
utility system even though it is isolated from the re
mainder of the utility system!™. Islanding is undesir-
able because it can cause safety problems to the re-
lated equipments or the maintenance staffi,

Generally speaking, islanding detection methods (IDM)
are classified into passive IDMs and active IDMs®4,
The circuit for assessing IDMs of grid-connected in-
verters is shown in Fig.1l. As a basic passive IDM,
under/over voltage protection (UVP/OVP), and under/
over frequency protection (UFP/OFP) are commonly
equipped into grid-connected inverters. These methods
monitor the rms value and frequency of the output
voltage, and then activate the voltage and frequency
relays when these magnitudes exceed the programmed
limits. If there is a power unbalance (AP=P,—Ps,#0
and/or AQ =Qia -Qrv #0) when the utility breaker
opens, the voltage magnitude and frequency at the
point of common coupling (PCC) will drift to a point

Received date:2014-03-19; Revised date:2014-04-21

protections fail if the power of the PV system genera-
tion and of the loads demand are matched or even
slightly mismatched. Other passive IDMs are also pro-
posed to prevent islanding. But passive methods are
not widely used due to the difficulty of selecting the
trip limits and their sensitivity to noise sources and
mains transientst.
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Fig. 1 The circuit of grid-connected photovoltaic inverters

Since passive methods cannot always guarantee de-
tection, active methods are proposed to monitor volt-
age and frequency of the PCC. Active anti-islanding
schemes introduce a disturbance into the PV inverter
output current to cause an abnormal condition under
islanding conditions. There are three kinds of active is-
landing detection methods, according to the inverter
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output current shown by equation. These are
respectively to change magnitude, to change frequency
and to change the start phase of the inverter output
current™, Much attention has been paid to frequency
or phase shift methods.
lv=1,sin(27ft+6) (2)
In this paper, typical active anti-islanding methods:
active frequency drift method (AFD) ™, slip-mode
frequency-shift method (SMS)"™ and automatic phase
shift method(APS)™, are discussed firstly. All of them
bear nondetection zones under certain conditions.
Then, a combined active anti-islanding method is
introduced to overcome the weaknesses of a single
active anti-islanding method. Through analysis and
simulation, it is presented that the combined method
can eliminate NDZ even in the worse case conditions.

1 Analysis of Active Anti-islanding Methods

1.1 Active frequency drift method

Active frequency drift method(AFD) is shown in Fig.2.
AFD method makes the output current of the PV
inverter to drift up or down by a parameter chopping
fraction (cf) in equation(2).

ct= TtZ/2 @)

Where T, is the period of the utility voltage, t, is the
dead time.

t,
ip\//
t
T./2
\Va
Fig. 2 Inverter output waveform with

AFD method(to drift up)

According to phase criterion, if the grid is tripped
and the frequency which satisfies equation(3) lies inside
the trip limits, the AFD method failst*.

arg[R+(jwL) *+jwC]*=0.5wt,=0.5mcf 3)

If the rated power of the 220 V, 50 Hz inverters is 2 kW.
Simulation test was carried out for AFD method. The
parameter of the AFD method is cf=0.05. Fig.3 and
Fig.4 show the responses of magnitude and frequency
of the voltage at the PCC. When the grid is tripped,

the magnitude of voltage at the PCC keeps constant,
while the frequency is drifted up. According to phase
criterion, the stable operating point exits. And
simulation result in Fig.4 shows it lies inside the UFP/
OFP trip limits.
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Fig. 3 The responses of the current and the

voltage at the PCC of AFD method with c¢f=0.05
(R=24.2 ©, L=1.01 mH, and C=10 000 nF)
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Fig. 4 The response of frequency of AFD method with

¢f=0.05 (R=24.2 Q, L=1.01 mH, and C=10 000 pF)
1.2 Slip-mode frequency-shift method
The SMS method makes the phase angle between the
inverter output current and the voltage at the PCC a
function of the deviation of the terminal frequency
from nominal™. The phase angle of the inverter output
current is controlled by the following equation .

-— H - -
Bas=bosin[y- f kf r ] @

Where f, is the frequency at which the maximum
phase shift 6,, occurs, f(k-1) is the measured frequency
of the previous voltage cycle.

The SMS method don’t continuously disturb the in-
verter output variables, but only start disturbing these
variables when they notice that the variable have
changed™. The phase angle ¢y 0f the impedance of a
parallel RLC load depends on the operating frequency f.

Pr=arctan[ R( -27nfC)] (5)

1
2mfL
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The slope of O line shown in Fig.5 is greater than
that of the phase of the load in the region near the
grid line frequency™. When the grid is connected, the
measured previous cycle frequency is the same with
the grid voltage frequency. When the utility breaker is
open, even a small disturbance will drive the operat-
ing frequency up or down until it satisfies equation(6).

Proai=0sus (6)
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Fig. 5 The phase response of inverter
output current and local load

However, if the frequency at which the phase crite-
rion is satisfied lies inside the trip limits, the SMS
method fails and that is the reason why nondetection
zone exits. So this method can not be always effective
under the conditions that the characteristics of the
load supplied by the inverter interact with the method
and the frequency stabilizes within the UFP/OFP trip
limits. As a consequence, this method is not widely
used to detect islanding in photovoltaic inverters.

Simulation test was also carried out for SMS method.
The parameters of the SMS method are 6,=10°and f,=
53 Hz, and the rated power of the 220 V, 50 Hz in-
verters is 10 kW. Fig.6 shows the response of fre-
quency of SMS method. When the utility breaker is
open, SMS method makes the frequency of the voltage
at the PCC drift up. From Fig.6, it shows that the fre-
quency still lies inside the UFP/OFP trip limits at the
stable operation point.
1.3 Automatic phase shift method

The APS method is presented to break possible sta-
ble operating points of SMS within the UFP-OFP win-
dow®, The control function for APS is

— - I o
Oes)=— - D=0 23600, 6,4) )

Where, « is feedback coefficient; f(k-1) is the mea-
sured frequency of the previous voltage cycle.
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Fig. 6 The response of frequency of SMS method

(R=4.84 Q, L=1.01 mH, and C=10 000 wF)

If the steady state frequency of the voltage at the
PCC reaches while the frequency is still inside the
trip limits window, the additional phase shift 8, will be
changed as equation(8).

Oo(k)=05(k—1)+ABxsgn(Afs) 8

Where, Aé is the constant; Af; is the change of
steady-state frequency; 64(k)=0; V k<0.

1,Af>0
sgn(Afg)=10, Af=0
-1,Af<0

The APS method can break stable operating points
due to positive feedback 6, while the SMS method
must operate in an unstable mode. However, the APS
method also has a distinct drawback. That is, when
the utility trips at the grid line frequency while the
resonance frequency of the local load is also the grid
line frequency, APS can’t break the worst stable op-
erating point for the additional phase shift is equal to
zero. Although it is a very special situation, it very

likely happens because the inverters are always re-
quired to work at the unit power factor. Also, the load
resonance frequency is designed to grid line frequency
to improve the power quality.

2 The Combined Anti-islanding Method

To overcome the weaknesses of a single anti-island-
ing method, this paper presents a novel combined ac-
tive islanding detection method, which consists of ac-
tive frequency drift method and automatic phase shift
method.

The flow diagram of the combined anti-islanding al-
gorithm is shown in Fig.7. The combined method can
eliminate the worst case condition. When the grid is
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tripped at the worst case condition, the Af is equal to
zero, and the resonance frequency of the local load f,
is equal to the grid line frequency f,. The combined
anti-islanding method can break the stable operation
point at the worst case condition by introducing AFD

method.
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Fig. 7 The program flow of the
combined anti-islanding method

3 Simulation Results

When the utility breaker opens, the grid-connected
PV inverter operates in islanding mode, and the com-
bined anti-islanding method make the frequency of the
output current drift up or down.

The grid-connected PV inverter system shown in Fig.1
was simulated with the combined anti-islanding
method in the previous section. The parameters of the
combined anti-islanding method are «=2, A#=3.6°,and
¢f=0.02. And the rated power of the 220 V, 50 Hz in-
verters is 2 kW.

Fig.8-13 show the responses of magnitude and fre-
quency of the voltage at the PCC with different values

of local loads.
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Fig. 10 The responses of the voltage at the PCC of the

combined anti-islanding method
(R=24.2 ©,1.=1.01 mH, and C=6 800 wF)

If the resonant frequency of the paralleled RLC
loads is equal to the grid line frequency, the load is
resistive at the grid line frequency. When the grid is
tripped at the grid line frequency, the APS method
will fail to detect islanding. While the combined anti-
islanding method can break the stable operation point
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Fig. 13 The response of frequency of the
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(R=24.2 ©, L=1.01 mH, and C=6 800 p.F)
by introducing AFD method. Simulation result shown
in Fig.9 indicates that the combined method can de-
tect islanding in the worst condition.
If the resonant frequency of the paralleled RLC load
is larger than the grid line frequency, the load is in-

ductive at the grid line frequency. When the utility

breaker opens, the combined anti-islanding method
makes the frequency of the output current drift up.

Simulation result shown in Fig.11 indicates the fre-
quency of the voltage at the PCC drifts up when the
grid is tripped.

If the resonant frequency of the paralleled RLC load
is smaller than the grid line frequency, the load is ca-
pacitive at the grid line frequency. When the utility
breaker opens, the combined anti-islanding method
makes the frequency of the output current drift down.
Simulation result shown in Fig.13 indicates the fre-
quency of the voltage at the PCC drifts down when the
grid is tripped.

Simulation results show that the combined anti-is-
landing method can detect islanding within 2 seconds
after the grid is tripped in different load conditions.
And it also indicates the combined method can elimi-
nate nondetection zones even in the worst case condi-
tions.

4 Conclusions

This paper presents a combined active islanding de-
tection method, which consists of active frequency
drift method and automatic phase-shift method. Tradi-
tional phase shift methods: AFD,SMS and APS are
discussed first. AFD and SMS may fail under certain
loads condition according to phase criterion. The APS
method is presented to break possible stable operating
points of SMS within the UFP-OFP window, but APS
can not detect island under the worst condition. The
combined anti-islanding method can overcome the
weaknesses of a single active anti-islanding method.
Simulation results in different load conditions show
that the combined anti-islanding method can detect
effectively, and it can eliminate nondetection zones
even in the worst case condition.
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