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(54) METHOD, APPARATUS AND COMPUTER READABLE STORAGE MEDIUM FOR ELECTRICAL 
ISLANDING DETECTION

(57) The present invention provides method, appa-
ratus, and computer readable storage medium for an
electrical islanding detection. The method for electrical
islanding detection method includes: receiving a
three-phase voltage in an electrical power system; for
the three-voltage voltage, calculating a voltage angle
sudden-change of each phase, respectively; determining
whether an absolute value of the voltage angle sud-
den-change of each phase is greater than a first angle

sudden-change setting value; determining whether di-
rections of the voltage angle sudden-changes of three
phase are the same if the absolute value of the voltage
angle sudden-change of each phase is greater than the
first angle sudden-change setting value; and determining
that the electrical islanding appears if the directions of
the voltage angle sudden-changes of the three phases
are the same.
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Description

TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to the field of
electrical islanding detection, and more particular, to a
method, apparatus, and computer readable storage me-
dium for electrical islanding detection.

BACKGROUND

[0002] In recent years, distributed generation (DG) has
been rapidly developed in electrical power systems,
causing new challenges to protection of the conventional
distribution networks, for example, there is a need to pre-
vent unintentional electrical islanding from occurring. Un-
intentional electrical islanding may endanger personal
safety, and lead to problems such as closing failure, deg-
radation of power quality and the like. An important re-
quirement for electrical power devices, such as grid-con-
nected inverters of distributed generation, grid-connect-
ed relay protection apparatuses and the like, is to detect
the islanding phenomenon within 2 seconds after the
electrical islanding occurs unintentionally.
[0003] At present, there are several methods for elec-
trical islanding detection on the market, which may be
classified into active methods and passive methods. Ac-
cording to the active methods, the control scheme of a
distributed generation is modified so that the output volt-
age or frequency is periodically disturbed, and the power
grid and the electrical islanding state are distinguished
from each other by detecting the disturbance of the volt-
age or frequency. However, the active methods have cer-
tain adverse impacts on power quality, and when there
are multiple distributed generations interacting with each
other in the electrical power system, the effectiveness of
the active methods on islanding detection decreases.
The passive methods, such as under frequency, over
frequency, under voltage, over voltage protection and
the like, are relatively simple and have no impact on pow-
er quality. However, the passive methods have a com-
paratively large "non-detection zone". When the internal
power of the electrical islanding is completely or nearly
balanced, the passive methods cannot detect the elec-
trical islanding or needs a relatively long delay to detect
the electrical islanding. The rate of change of frequency
(ROCOF) and the voltage vector shift (VVS) are two com-
monly used passive methods. These two methods are
relatively sensitive, but in the case that the electrical pow-
er system faults, methods for islanding detection based
on the rate of change of frequency or the voltage vector
shift may mal-operate. In addition, a method for islanding
detection based on communication issues a trip com-
mand directly to the distributed generation when a switch
for the main power grid trips. This method has high reli-
ability without "non-detection zone", however, such a
method requires a special communication network and
has a relatively high cost.

[0004] In summary, currently, there is a lack of a sen-
sitive, reliable, and economical electrical islanding de-
tection solution in the market.

SUMMARY

[0005] In view of the above, the present disclosure pro-
vides a method, an apparatus, and computer readable
storage medium for electrical islanding detection, which
can detect the electrical islanding sensitively and accu-
rately at a low cost while effectively reduce the possibility
that mal-operations occur in the case that an electrical
power system fails.
[0006] According to one aspect of the present disclo-
sure, there is provided a method for electrical islanding
detection, the method comprising: receiving a three-
phase voltage in an electrical power system; for the three-
voltage voltage, calculating a voltage angle sudden-
change of each phase, respectively; determining wheth-
er an absolute value of the voltage angle sudden-change
of each phase is greater than a first angle sudden-change
setting value; determining whether directions of the volt-
age angle sudden-change of the three phase are the
same if the absolute value of the voltage angle sudden-
change of each phase is greater than the first angle sud-
den-change setting value; and determining that the elec-
trical islanding appears if the directions of the voltage
angle sudden-changes of the three phase are the same.
[0007] According to another aspect of the present in-
vention, there is provided a method for electrical islanding
detection, comprising: receiving a three-phase voltage
in an electrical power system; determining that the elec-
trical power system enters into a three-phase voltage ab-
normal state if the three-phase voltage meets any one
of the following conditions comprising: a zero sequence
voltage is greater than a zero sequence voltage setting
value; or a magnitude of any phase voltage is less than
a voltage setting value; or an absolute value of the voltage
angle sudden-change of any phase between adjacent
voltage cycles is greater than an angle sudden-change
setting value; determining that the electrical power sys-
tem enters into a three-phase voltage normal state if none
of the above conditions is met and a real-time measure-
ment value of the rate of change of frequency is less than
a setting value of the rate of change of frequency; when
the electrical power system enters into the three-phase
voltage abnormal state, calculating an accumulated volt-
age angle change of the three-phase voltage based on
the real-time frequency measurement value; determining
whether the accumulated voltage angle change is greater
than an accumulated angle change setting value; and
determining that the electrical islanding appears if the
accumulated voltage angle change is greater than the
accumulated angle change setting value, wherein when
the electrical power system enters into the three-phase
voltage normal state, the calculation of the accumulated
voltage angle change is stopped.
[0008] According to a further aspect of the present in-
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vention, there is provided an apparatus for electrical is-
landing detection, comprising: a voltage reception unit
for receiving a three-phase voltage in an electrical power
system; a first calculation unit for, for the three-voltage
voltage, calculating a voltage angle sudden-change of
each phase, respectively; a first determination unit for
determining whether an absolute value of the voltage an-
gle sudden-change of each phase is greater than a first
angle sudden-change setting value; a second determi-
nation unit for determining whether directions of the volt-
age angle sudden-change of the three phase are the
same if the absolute value of the voltage angle sudden-
change of each phase is greater than the first angle sud-
den-change setting value; and a third determination unit
for determining that the electrical islanding appears if the
directions of the voltage angle sudden-changes of the
three phases are the same.
[0009] According to still another aspect of the present
invention, there is provided an apparatus for electrical
islanding detection, comprising: a voltage reception unit
for receiving a three-phase voltage in an electrical power
system; a first determination unit for determining that the
electrical power system enters into a three-phase voltage
abnormal state if the three-phase voltage meets any one
of the following conditions comprising: a zero sequence
voltage is greater than a zero sequence voltage setting
value; or a magnitude of any phase voltage is less than
a voltage setting value; or an absolute value of the voltage
angle sudden-change of any phase between adjacent
voltage cycles is greater than an angle sudden-change
setting value; determining that the electrical power sys-
tem enters into a three-phase voltage normal state if none
of the above conditions is met and a real-time measure-
ment value of the rate of change of frequency is less than
a setting value of the rate of change of frequency; a cal-
culation unit for, when the electrical power system enters
into the three-phase voltage abnormal state, calculating
an accumulated voltage angle change of the three-phase
voltage based on the real-time frequency measurement
value; a second determination unit for determining
whether the accumulated voltage angle change is greater
than an accumulated angle change setting value; and a
third determination unit for determining that the electrical
islanding appears if the accumulated voltage angle
change is greater than the accumulated angle change
setting value, wherein when the electrical power system
enters into the three-phase voltage normal state, the cal-
culation unit stops the calculation of the accumulated
voltage angle change.
[0010] According to another aspect of the present in-
vention, there is provided a computer readable storage
medium storing thereon a computer program which im-
plements, when executed by a processor, the following
steps of: receiving a three-phase voltage in an electrical
power system; for the three-voltage voltage, calculating
a voltage angle sudden-change of each phase, respec-
tively; determining whether an absolute value of the volt-
age angle sudden-change of each phase is greater than

a first angle sudden-change setting value; determining
whether directions of the voltage angle sudden-changes
of the three phases are the same if the absolute value of
the voltage angle sudden-change of each phase is great-
er than the first angle sudden-change setting value; and
determining that the electrical islanding appears if the
directions of the voltage angle sudden-changes of the
three phases are the same.
[0011] According to another aspect of the present in-
vention, there is provided a computer readable storage
medium storing thereon a computer program which im-
plements, when executed by a processor, the following
steps of: receiving a three-phase voltage in an electrical
power system; determining that the electrical power sys-
tem enters into a three-phase voltage abnormal state if
the three-phase voltage meets any one of the following
conditions comprising: a zero sequence voltage is great-
er than a zero sequence voltage setting value; or a mag-
nitude of any phase voltage is less than a voltage setting
value; or an absolute value of the voltage angle sudden-
change of any phase between adjacent voltage cycles
is greater than an angle sudden-change setting value;
determining that the electrical power system enters into
a three-phase voltage normal state if none of the above
conditions is met and the real-time measurement value
of the rate of change of frequency is less than a setting
value of the rate of change of frequency; when the elec-
trical power system enters into the three-phase voltage
abnormal state, calculating an accumulated voltage an-
gle change of the three-phase voltage based on the real-
time frequency measurement value; determining wheth-
er the accumulated voltage angle change is greater than
an accumulated angle change setting value; and deter-
mining that the electrical islanding appears if the accu-
mulated voltage angle change is greater than the accu-
mulated angle change setting value, wherein when the
electrical power system enters into the three-phase volt-
age normal state, the calculation of the accumulated volt-
age angle change is stopped.
[0012] In the electrical islanding detection method, ap-
paratus and computer readable storage medium accord-
ing to the embodiments of the present invention, by im-
proving the existing VVS-based method for islanding de-
tection, the electrical islanding can be detected sensi-
tively, accurately, and reliably at the low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order to more clearly explain the technical
schemes of the embodiments of the present disclosure,
the accompanying drawings used in the description of
the embodiments will be briefly illustrated below. The ac-
companying drawings in the following description are
merely exemplary embodiments of the present disclo-
sure.

Figs. 1(a) to (d) respectively show schematic dia-
grams of voltage phase changes caused by the elec-
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trical power system faults and the suddenly-occurred
electrical islanding.
Fig. 2 is a flowchart illustrating a method for electrical
islanding detection according to an embodiment of
the present disclosure.
Fig. 3 is a flowchart illustrating alternative steps of a
method for electrical islanding detection according
to an embodiment of the present disclosure.
Fig. 4 is a flowchart illustrating a method for electrical
islanding detection according to another embodi-
ment of the present disclosure.
Fig. 5 is a block diagram illustrating a configuration
of main units of an apparatus for electrical islanding
detection according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0014] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings. Note that, in this
specification and the accompanying drawings, substan-
tially the same steps and elements are denoted with the
same reference numerals, and repeated explanation of
these steps and elements will be omitted.
[0015] As mentioned above, at present, there is a lack
of an ideal islanding detection solution which is capable
of meeting requirements of both reliability and economy
in the market. Although the existing voltage vector shift
(VVS)-based method for islanding detection has simple
implementation and good economy, this method cannot
reliably distinguish between the electrical islanding and
system faults, and thus, mal-operations sometimes oc-
cur. More specifically, the conventional VVS-based
method for islanding detection cannot effectively distin-
guish between "voltage vector shift caused by the sud-
denly-occurred electrical islanding" and "voltage vector
shift caused by an electrical power system fault", and the
setting value of the angular deviation is relatively great,
the sensitivity for the electrical islanding detection is not
high enough. Here, it should be noted that, setting value
is a fixed value that may be preset according to a specific
situation. The setting value can also be generally referred
to as a setting-up value in the art, meaning that in the
automatic control system, when a certain physical quan-
tity reaches a certain value, an action will occur.
[0016] In order to improve the existing VVS-based
method for islanding detection, the present disclosure is
based on a principle that three-phase voltage vectors
shift in the same direction due to power imbalance within
the electrical island at the moment that the electrical is-
landing occurs, while the three-phase voltage vectors do
not shift in the same direction at the moment that an im-
balanced fault occurs in the electrical power system. This
principle is applied to the islanding detection for the first
time.
[0017] Fig. 1 shows schematic diagrams of voltage
phase changes caused by imbalanced faults of the elec-

trical power system and the suddenly-occurred electrical
islanding, respectively.
[0018] In Fig. 1, solid arrows labeled with A, B, and C
indicate the states of three-phase voltage vectors before
a fault occurs, dotted arrows indicate the states of re-
spective three-phase voltage vectors after the fault oc-
curs, and curved arrows indicate the rotation directions
of the voltage vectors.
[0019] Specifically, Figs. 1(a) to (c) show voltage
phase changes (i.e., voltage vector shifts) caused by im-
balanced faults of the electrical power system, respec-
tively. More specifically, Fig. 1(a) shows shifts of three-
phase voltage vectors A, B, and C when a ground fault
occurs in the single phase A. As shown in Fig. 1(a), the
angle of the phase voltage A does not change (i.e., no
rotation occurs) and the magnitude thereof decreases,
the magnitudes of the phase voltages B and C increase,
and meanwhile phase voltages B and C rotate/shift clock-
wise and counterclockwise, respectively. Fig.1 (b) shows
shifts of the three-phase voltage vectors A, B, and C when
a two-phase fault occurs between phase voltages B and
C. As shown in Fig.1 (b), the magnitude and the angle
of the phase voltage A do not change, the magnitudes
of the phase voltages B and C decrease, and phase volt-
ages B and C rotate clockwise and counterclockwise,
respectively. Fig. 1(c) shows shifts of three-phase volt-
age vectors A, B, and C when ground faults occur in
phase voltages B and C. As shown in Fig. 1(c), the angle
of the phase voltage A does not change (i.e., no rotation
occurs) and the magnitude of the phase voltage A in-
creases; while the magnitudes of the phase voltages B
and C do not change , but phase voltages B and C rotate
clockwise and counterclockwise, respectively.
[0020] It can be seen from the voltage phase changes
as shown in Figs. 1(a) to (c) that the three-phase voltage
vectors do not all shift in one direction in the event of
imbalanced faults of the electrical power system.
[0021] Fig. 1(d) schematically shows a possible exam-
ple of voltage phase changes (i.e., voltage vector shifts)
caused by electrical islanding. As shown in Fig. 1(d), the
three-phase voltage vectors A, B, and C all shift clock-
wise, and all decrease in magnitude.
[0022] Comparing Fig. 1(d) with Figs. 1(a) to (c), it is
not difficult to find that the three-phase voltage vector
shifts caused by the imbalanced fault of the electrical
power system are not all in the same direction while the
three-phase voltage vectors shifts caused by the electri-
cal islanding are all in the same direction.
[0023] It should be understood that Fig. 1(d) is merely
an illustrative example of the phase changes of the three-
phase voltage caused by the electrical islanding to facil-
itate comparing with the voltage phase changes caused
by imbalanced faults of the electrical power system as
shown in Figs. 1(a) to (c). It is well known to those skilled
in the art that other possible situations different from Fig.
1(d) may also occur for the three-phase voltage vector
shifts caused by the electrical islanding. For example,
the changes in magnitudes of the three-phase voltage
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vectors A, B, and C may be different depending on spe-
cific situations, and the rotation/shift angles of the three-
phase voltage vectors A, B, and C may also be different,
and so on. However, when the electrical islanding occurs,
the three-phase voltage vectors A, B, and C all rotate/shift
clockwise or counterclockwise, which is different from
the situation when an imbalanced fault of the electrical
power system occurs and which is also the principle on
which the present disclosure is based.
[0024] In the following, a method 20 for electrical is-
landing detection according to an embodiment of the
present disclosure will first be described with reference
to Fig. 2. Fig. 2 is a flowchart illustrating a method 20 for
electrical islanding detection according to an embodi-
ment of the present disclosure. The method 20 for elec-
trical islanding detection can be applied to various elec-
trical power systems that the electrical islanding may oc-
cur, which is known to those skilled in the art.
[0025] As shown in Fig. 2, at the beginning of the meth-
od 20 for electrical islanding according to the embodi-
ment of the present disclosure, first, at step S201, a three-
phase voltage in an electrical power system is received.
Next, at step S202, for the three-phase voltage, the volt-
age angle sudden-change of each phase is calculated,
respectively. Then, at step S203, it is determined whether
the absolute value of the voltage angle sudden-change
of each phase is greater than a first angle sudden-change
setting value. If the determination result in step S203 is
"YES", then at step S204, it is determined whether direc-
tions of the voltage angle sudden-changes of the three
phases are the same. If the determination result in step
S204 is "YES", then at step S205, it is determined if the
electrical islanding occurs. After the step S205 is per-
formed, the method 20 for electrical islanding detection
ends.
[0026] Specifically, in the above-described step S201,
for example, the three-phase voltage may be received
at the secondary side of a voltage transformer in the elec-
trical power system, that is, the three-phase voltage
transformed by the voltage transformer is received. The
method 20 for electrical islanding detection according to
the embodiment of the present disclosure is passive is-
landing detection and only requires three-phase voltage
input, as a result, a low cost is achieved.
[0027] In the above-described step S202, the specific
calculation manner of the voltage angle sudden-changes
can be determined according to specific system require-
ments and system performance. For example, if the sys-
tem’s computing capability is limited and the calculation
accuracy is not required to be high, then a simple manner
with a small amount of calculation may be used to perform
calculation; otherwise, if the system has a high computing
capability and there is a high requirement for calculation
accuracy, then a complex manner with a large amount
of calculation may be used to perform calculation. Differ-
ent calculation manners of the voltage angle sudden-
changes will be described in detail later by way of exam-
ple.

[0028] Note that, as it is well-known to those skilled in
the art, the voltage angle sudden-change herein can also
be referred to as an angle of a voltage vector shift, a
voltage angle change, an angle difference, and the like.
[0029] In the above-described step S203, the first an-
gle sudden-change setting value is a fixed value which
can be preset according to a specific situation, and the
range thereof is generally between 1° and 20°.
[0030] Existing voltage vector shift (VVS)-based meth-
ods for islanding detection in the art generally also em-
ploy step S203, and only employ step S203 to determine
whether the electrical islanding occurs. That is, in the
existing VVS-based methods for islanding detection in
the arts, as long as the absolute value of the voltage
angle sudden-change of each phase is greater than the
first angle sudden-change setting value, it is judged that
the electrical islanding appears. This results in being un-
able to effectively distinguish between "voltage vector
shift caused by the sudden electrical islanding" and "volt-
age vector shift caused by an electrical power system
fault", and therefore, mal-operations occur at times. In
addition, in the existing methods for islanding detection
in the art, in order to reduce mal-operations, the setting
value of the angular deviation is relatively great (for ex-
ample, usually about 10°), and the detection sensitivity
for the electrical islanding is not high enough.
[0031] In the present disclosure, the above-described
step S204 is incorporated as a further criterion for the
first time, therefore, when the voltage angle sudden-
changes of the respective phases are in the same direc-
tion, it is determined that the electrical islanding occurs.
As described above with reference to Fig. 1, if the direc-
tions of the voltage angle sudden-changes of respective
phases are not all the same, an imbalanced fault of the
electrical power system instead of the electrical islanding
occurs at this time. Therefore, even if the determination
condition in step S203 is satisfied, it may not be appro-
priate to determine that the electrical islanding occurs.
According to the present disclosure, it is determined that
the electrical islanding occurs when the determination
conditions of steps S203 and S204 are both satisfied. In
this way, it is possible to effectively distinguish between
"the sudden electrical islanding" and "the imbalanced
fault of the electrical power system", which improves the
accuracy of the determination. Thus, in the present dis-
closure, the setting value of the angular deviation (i.e.,
the first angle sudden-change setting value) is relatively
small (for example, may be about 4°), and the electrical
islanding can be detected more sensitively.
[0032] It should be understood that the execution order
of the two determination steps S203 and S204 is not lim-
ited to the manner shown in Fig. 2, and steps S203 and
S204 may be performed in other orders or may be per-
formed in parallel. As long as the results of the two de-
termination steps are both positive, it may be determined
at step S205 that the electrical islanding occurs.
[0033] In the method 20 for electrical islanding detec-
tion according to the embodiment of the present disclo-
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sure as described above with reference to Fig. 2, by fur-
ther considering whether the directions of the voltage an-
gle sudden-changes of the respective phases are the
same or not as one of the criteria for determining whether
the electrical islanding occurs, the present disclosure,
compared with the conventional VVS-based method for
islanding detection, can detect the electrical islanding
more sensitively and accurately while effectively reduce
the possibility that mal-operations occur in the case that
the electrical power system fails.
[0034] Alternatively, although not shown in Fig. 2, step
S204 may further include a sub-step of determining
whether an absolute value of the average of the voltage
angle sudden-changes of the three phases is greater
than the first angle sudden-change setting value. And, if
it is determined at the sub-step that the absolute value
of the average of the voltage angle sudden-changes of
the three phases is greater than the first angle sudden-
change setting value, it is determined at step S205 that
the electrical islanding appears.
[0035] Specifically, as shown in Fig. 1, in an imbal-
anced fault of the electrical power system, there are usu-
ally two voltage vectors that are shifted in different direc-
tions, that is, the signs of the angle sudden-changes
thereof are opposite. Therefore, in the case where step
S203 is satisfied, the absolute value of the average of
the voltage angle sudden-changes of the three phases
caused by the imbalanced fault is often less than the first
angle sudden-change setting value. On the contrary, in
the case that the electrical islanding appears, since the
three voltage vector shifts are all in the same direction,
the signs of angle sudden-changes thereof are the same.
Therefore, in the case where step S203 is satisfied, the
absolute value of the average of the voltage angle sud-
den-changes of the three phases caused by the electrical
islanding is inevitably greater than the first angle sudden-
change setting value.
[0036] With the above alternative sub-step, the deter-
mination of whether the directions of the voltage angle
sudden-changes of the three phases are same can be
realized by determining whether the absolute value of
the average of the voltage angle sudden-changes of the
three phases is greater than the first angle sudden-
change setting value. Thus, it is also possible to effec-
tively distinguish between "voltage vector shifts caused
by the suddenly-occur electrical islanding" and "voltage
vector shifts caused by an electrical power system fault"
to improve the accuracy of determination. Meanwhile,
the implementation is relatively simple, the calculation
amount is less, and the setting manner is also simple.
[0037] Further alternatively, although not shown in Fig.
2, step S202 may further include a sub-step of calculating
a voltage angle sudden-change of each phase between
adjacent voltage cycles respectively based on a zero-
crossing detection.
[0038] Specifically, the voltage angle sudden-change
refers to the voltage phase angle difference correspond-
ing to a difference between two adjacent voltage cycles

by continuously measuring voltage cycles using the zero-
crossing detection method.
[0039] Note that since the zero-crossing detection is a
simple measurement method for voltage frequency and
cycle and is well known to those skilled in the art, it will
not be described in detail herein to avoid confusing the
inventive point of the present disclosure.
[0040] The above two alternative sub-steps can also
be understood as a simple mode of the present disclo-
sure. As mentioned above, the simple mode does not
strictly confirm the exact shift direction of each phase
voltage. Therefore, the implementation is simple, the
amount of calculation is less, and the setting manner is
also simple, however, the accuracy thereof is less im-
proved.
[0041] In contrast to the simple mode, the present dis-
closure can also be implemented as an advanced mode
for which the implementation is relatively complex, the
amount of calculation is larger and the setting manner is
also complicated. However, the advanced mode can ob-
tain more accurate and stable detection results than the
simple mode. In the following, the advanced mode of the
present disclosure will be described in detail through the
following alternative steps and/or sub-steps.
[0042] Alternatively, although not shown in Fig. 2, step
S204 may further include a sub-step of determining
whether signs of the voltage angle sudden-changes of
the phases are the same. And, if it is determined in the
sub-step that the signs of the voltage angle sudden-
changes of the phases are the same, it is determined in
step S205 that the electrical islanding appears.
[0043] Specifically, when the voltage vector of each
phase rotates counterclockwise, the corresponding an-
gle sudden-change is a positive value, and when the volt-
age vector of each phase rotates clockwise, the corre-
sponding angle sudden-change is a negative value. As
described hereinabove with reference to Fig. 1, in the
event of an imbalanced fault of the electrical power sys-
tem, since rotation directions of at least two voltage vec-
tors are different, the signs of their angle sudden-chang-
es must be positive and negative, respectively. It can be
seen that in the event of an imbalanced fault of the elec-
trical power system, the signs of the voltage angle sud-
den-changes of respective phases cannot be all the
same. On the contrary, in the event of the electrical is-
landing, since the rotation directions of the voltage vec-
tors of the respective phases are all the same, all the
signs of the angle sudden-changes thereof must be either
positive or negative.
[0044] It can be seen that, with the above-described
alternative sub-steps, the determination of whether the
directions of the voltage angle sudden-changes of the
three phases are the same is realized by determining
whether the signs of the voltage angle sudden-changes
of the respective phases are the same. Thus, it is also
possible to effectively distinguish between "voltage vec-
tor shifts caused by the sudden electrical islanding" and
"voltage vector shifts caused by an electrical power sys-
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tem fault" to improve the accuracy of determination. Com-
pared with the above-described simple mode, the ad-
vanced mode needs to strictly confirm the exact shift di-
rection of each phase voltage, and thus, the implemen-
tation is more complicated, while the obtained detection
result is more accurate.
[0045] Further alternatively, although not shown in Fig.
2, the method 20 for electrical islanding detection accord-
ing to an embodiment of the present disclosure may fur-
ther include the following alternative steps subsequent
to step S201: determining that the electrical power sys-
tem enters into a three-phase voltage abnormal state if
the three-phase voltage meets any one of the following
conditions that: a zero sequence voltage is greater than
a zero sequence voltage setting value; or a magnitude
of any phase voltage is less than a voltage setting value;
or the absolute value of the voltage angle sudden-change
of any phase between adjacent voltage cycles is greater
than a second angle sudden-change setting value,
wherein, the second angle sudden-change setting value
is less than the first angle sudden-change setting value;
and determining that the electrical power system enters
into a three-phase voltage normal state if none of the
above conditions is met and a real-time measurement
value of the rate of change of frequency is less than a
setting value of the rate of change of frequency.
[0046] Specifically, the above-mentioned alternative
steps are described in detail with reference to Fig. 3. Fig.
3 is a flowchart illustrating alternative steps of the method
20 for electrical islanding detection according to an em-
bodiment of the present disclosure.
[0047] As shown in Fig. 3, after the three-phase voltage
of the electrical power system is received at step S201,
the method 20 for electrical islanding detection may pro-
ceed to alternative step S301 to determine whether the
zero sequence voltage is greater than the zero sequence
voltage setting value. If the determination result in step
S301 is "YES", then it is determined at step S305 that
the electrical power system enters into the three-phase
voltage abnormal state. If the determination result in step
S301 is "NO", then the method 20 proceeds to alternative
step S302 to determine whether a magnitude of any
phase voltage is less than the voltage setting value. If
the determination result in the step S302 is "YES", then
it is determined at step S305 that the electrical power
system enters into the three-phase voltage abnormal
state. If the determination result in step S302 is "NO",
then the method 20 proceeds to alternative step S303 to
determine whether the absolute value of the voltage an-
gle sudden-change of any phase between adjacent volt-
age cycles is greater than the second angle sudden-
change setting value. If the voltage result in step S303
is "YES", then it is determined at step S305 that the elec-
trical power system enters into the three-phase voltage
abnormal state. If the determination result in step S303
is "NO", then the method 20 proceeds to alternative step
S304 to determine whether the real-time measurement
value of the rate of change of frequency is less than the

setting value of the rate of change of frequency. If the
determination result in step S304 is "YES", then it is de-
termined at step S306 that the electrical power system
enters into the three-phase voltage normal state. After
performing step S305 or the step S306, the method 20
may proceed to step S202.
[0048] More specifically, for example, it may be as-
sumed that the zero sequence voltage setting value in
step S301 is 10% of the voltage rating and the voltage
setting value in step S302 is 80% of the voltage rating.
However the present disclosure is not limited thereto,
those skilled in the art may set appropriate setting values
according to the specific situations.
[0049] In addition, it is assumed herein that the second
angle sudden-change setting value is less than the first
angle sudden-change setting value. That is, when the
degree of power imbalance inside the electrical island is
small, the instantaneous angle change of voltage may
be less than the first angle sudden-change setting value
but greater than the second angle sudden-change setting
value, then it is considered that the three-phase voltage
enters into an abnormal state according to the determi-
nation in step S303. It should be understood that, the
relationship between the first angle sudden-change set-
ting value and the second angle sudden-change setting
value is not limited thereto, and those skilled in the art
can set appropriate angle sudden-change setting values
for determining whether the electrical power system en-
ters into the three-phase voltage abnormal state accord-
ing to practical requirements.
[0050] It should be noted that the execution order of
the steps S301 to S303 is not limited to the order shown
in Fig. 3, and the steps S301 to S303 may be performed
in any suitable orders. As long as any one of them has
a determination result of "YES", it is considered that the
electrical power system enters into the three-phase volt-
age abnormal state.
[0051] It should be understood that although not shown
in Fig. 3, if the determination result at step S304 is "NO",
that is, when the determination condition of the three-
phase voltage normal state is not satisfied, the current
state can be maintained. For example, if it has been pre-
viously determined that the electrical power system en-
ters into the three-phase voltage abnormal state, then
when the determination result at step S304 is "NO", it is
considered that the electrical power system is still in the
three-phase voltage abnormal state, and it is determined
that the electrical power system enters into the three-
phase voltage normal state when the determination result
at step S304 is "YES". For another example, if it has been
previously determined that the electrical power system
enters into the three-phase voltage normal state, then
when the determination result at step S304 is "NO", it is
considered that the electrical power system is still in the
three-phase voltage normal state.
[0052] In addition, it should be understood that the al-
ternative steps shown in Fig. 3 are merely illustrative ex-
amples and the invention is not limited thereto. The al-
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ternative steps in Fig. 3 may also be performed after, in
parallel with, or in combination with step S202 in the
method 20 for electrical islanding detection shown in Fig.
2.
[0053] Further alternatively, although not shown in Fig.
2, the method 20 for electrical islanding detection accord-
ing to the embodiment of the present disclosure may fur-
ther include, after step S201, an alternative step of cal-
culating a voltage phase angle of each voltage cycle us-
ing the Fourier Transform. In addition, step S202 may
include a sub-step of calculating a voltage angle sudden-
change of each phase based on a last stable angle, the
last stable angle is updated with the latest calculated volt-
age phase angle in the three-phase voltage normal state,
and the last stable angle is kept unchanged in the three-
phase voltage abnormal state.
[0054] Here, using the Fourier Transform to calculate
the phase angle and the magnitude of the voltage is a
technique well-known to those skilled in the art, and
therefore, it will not be explained in detail herein to avoid
confusing the inventive point of the present disclosure.
[0055] Specifically, as described above, in the present
disclosure, when it is determined by the additional alter-
native steps shown in Fig. 3 that the electrical power sys-
tem enters into the three-phase voltage normal state, for
each voltage cycle, the last stable angle is updated with
the voltage phase angle in the current voltage cycle that
is calculated using the Fourier Transform. When it is de-
termined that the electrical power system enters into the
three-phase voltage abnormal state, the last stable angle
is no more updated during the abnormal state, and is
kept unchanged. For example, assuming that it is deter-
mined at time t0 that the electrical power system enters
into the three-phase voltage abnormal state, then during
the abnormal state, the last stable angle is maintained
as the latest stable angle at time t0, and when it is deter-
mined that the electrical power system enters into the
three-phase voltage normal state again, the last stable
angle is began to be updated every voltage cycle.
[0056] Calculating the voltage angle sudden-change
of each phase based on the last stable angle specifically
means that: comparing the calculated voltage phase an-
gle in the current voltage cycle with the last stable angle,
and the difference between the calculated voltage phase
angle in the current voltage cycle and the last stable angle
is the voltage angle sudden-change. More specifically,
during a period when the electrical power system is in
the three-phase voltage abnormal state, since the last
stable angle remains as the latest stable angle at the time
when the electrical power system enters into the three-
phase voltage abnormal state as described above, the
voltage phase angle calculated every voltage cycle sub-
sequently is compared with the last stable angle to cal-
culate the voltage angle sudden-change. In addition, dur-
ing a period when the electrical power system is in the
three-phase voltage normal state, for every voltage cycle,
the voltage angle sudden-change is calculated first, and
then the last stable angle is updated. For example, it is

assumed that there are two adjacent voltage cycles T1
and T2, and the voltage cycle T2 is the current voltage
cycle. During the voltage cycle T2, the voltage phase
angle in the current voltage cycle T2 is first calculated
using Fourier Transform. Then, the calculated voltage
phase angle is compared with the last stable angle in
order to calculate the voltage angle sudden-change of in
the current voltage cycle T2. Here, the last stable angle
is the voltage phase angle calculated using the Fourier
Transform in the voltage cycle T1, that is, in the voltage
cycle T1, the last stable angle is updated with the voltage
phase angle calculated in this voltage cycle. Finally, the
last stable angle is updated with the voltage phase angle
calculated in voltage cycle T2 for use for subsequent volt-
age cycles.
[0057] In the advanced mode of the present disclosure,
as described above, the last stable angle is defined, and
the voltage angle sudden-change of each phase is cal-
culated based on the last stable angle, which is different
from the current conventional VVS-based method for is-
landing detection. In the current conventional VVS-based
method for islanding detection, calculation of the voltage
angle sudden-change is always based on the voltage
angles of adjacent two power cycles (that is, adjacent
two voltage cycles). By utilizing the above alternative
steps and sub-steps, that is, by incorporating the last
stable angle, the present invention improves the accura-
cy and stability of detection compared with the conven-
tional VVS-based method for islanding detection.
[0058] Further alternatively, in the method 20 for elec-
trical islanding detection according to the embodiment of
the present disclosure, when the time period during which
the last stable angle is kept unchanged in the three-phase
voltage abnormal state is greater than an effective time
limit setting value of the last stable angle, the method for
electrical islanding detection is blocked until the electrical
power system enters into the three-phase voltage normal
state.
[0059] Specifically, if the electrical power system is al-
ways in the three-phase voltage abnormal state, then the
last stable angle is never updated. If the time period dur-
ing which the last stable angle is not updated is too long,
then the last stable angle may fail, resulting in incorrect
detection results. Therefore, an effective time limit setting
value of the last stable angle can be set, for example, as
2 seconds. When the time period that the last stable angle
is kept unchanged in the three-phase voltage abnormal
state is greater than the effective time limit setting value,
the method 20 for electrical islanding detection is
blocked, that is, the detection result is not output, thereby
avoiding outputting the erroneous detection result. When
the electrical power system enters into the three-phase
voltage normal state again, the last stable angle can be
updated in real time, and thus the method 20 for electrical
islanding detection operates again.
[0060] As described above, the simple mode of the
present disclosure has simple implementation, a small
amount of calculation, and a simple setting manner, but
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has a relatively poor accuracy. The advanced mode of
the present disclosure has relatively complex implemen-
tation, a large amount of calculation, and a more complex
setting manner, while can obtain a more accurate and
stable detection effect. It should be noted that the simple
mode and the advanced mode of the present disclosure
are not differentiated by strict application scenarios, and
those skilled in the art can make choices according to
practical needs.
[0061] Alternatively, in the method 20 for electrical is-
landing detection according to the embodiment of the
present invention, the three-phase voltage can be three-
phase-to-phase voltage. However, the present disclo-
sure is not limited thereto, and the present disclosure
may also employ a three-phase-to-ground voltage. How-
ever, it is preferably to employ three-phase-to-phase volt-
age than to employ a three-phase-to-ground voltage.
[0062] The method 20 for electrical islanding detection
according to one embodiment of the present invention is
described above with reference to Figs. 1-3. In the meth-
od 20 for electrical islanding detection, by further consid-
ering whether the directions of the voltage angle sudden-
changes of the phases are the same or not as one of the
criteria for determining whether the electrical islanding
appears, the present disclosure, compared with the con-
ventional VVS-based method for islanding detection, can
detect the electrical islanding more sensitively and accu-
rately while effectively reduce the possibility that mal-
operations occur in the case that the electrical power
system fails.
[0063] Although in the method 20 for electrical island-
ing detection shown in Fig. 2, "voltage vector shifts
caused by the suddenly-occur electrical islanding" and
"voltage vector shifts caused by an electrical power sys-
tem fault" are effectively distinguished from each other
by further considering whether the directions of the volt-
age angle sudden-changes of respective phase are
same or not as one of the criteria for determining whether
the electrical islanding appears so as to achieve the im-
provement over the existing VVS-based method for is-
landing detection, the present disclosure is not limited
thereto. The present disclosure can also realize an im-
provement over the SSV-based method for existing is-
landing detection without the need to determine the di-
rection of the voltage angle sudden-change of each
phase. Fig. 4 is a flowchart illustrating a method for elec-
trical islanding detection according to another embodi-
ment of the present disclosure.
[0064] As shown in FIG. 4, at the beginning of the meth-
od 40 for electrical islanding detection according to the
embodiment of the present disclosure, first, at step S401,
a three-phase voltage in an electrical power system is
received. Similarly to step S201 in Fig. 2, for example,
the three-phase voltage may be received at the second-
ary side of the voltage transformer in the electrical power
system, that is, the three-phase voltage transformed by
the voltage transformer is received. The method 40 for
electrical islanding detection according to the embodi-

ment of the present disclosure is also passive islanding
detection and only requires three-phase voltage input,
as a result a low cost is realized.
[0065] After step S401, steps S402-S405 as well as
S409 and S410 are performed to determine whether the
electrical power system enters into a three-phase voltage
abnormal/normal state. That is, by performing steps
S402-S405 as well as S409 and S410, it is determined
that the electrical power system enters into the three-
phase voltage abnormal state if the three-phase voltage
meets any one of the following conditions that: a zero
sequence voltage is greater than a zero sequence volt-
age setting value; or a magnitude of any phase voltage
is less than a voltage setting value; or the absolute value
of the voltage angle sudden-change of any phase be-
tween adjacent voltage cycles is greater than an angle
sudden-change setting value; it is determined that the
electrical power system enters into the three-phase volt-
age normal state if none of the above conditions is met
and a real-time measurement value of the rate of change
of frequency is less than a setting value of the rate of
change of frequency.
[0066] More specifically, after receiving the three-
phase voltage of the electrical power system at step
S401, the method 40 for electrical islanding detection
may proceed to step S402 to determine whether the zero
sequence voltage is greater than the zero sequence volt-
age setting value, and if the determination result in step
S402 is "YES", then it is determined at step S405 that
the electrical power system enters into the three-phase
voltage abnormal state. If the determination result in step
S402 is "NO", then the method 40 proceeds to step S403
to determine whether the magnitude of any phase voltage
is less than the voltage setting value. If the determination
result in step S403 is "YES", then it is determined at step
S405 that the electrical power system enters into the
three-phase voltage abnormal state. If the determination
result in step S403 is "NO", then the method 40 proceeds
to step S404 to determine whether the absolute value of
the voltage angle sudden-change of any phase between
adjacent voltage cycles is greater than the angle sudden-
change setting value. If the determination result of step
S404 is "YES", then it is determined at step S405 that
the electrical power system enters into the three-phase
voltage abnormal state. If the determination result in step
S404 is "No", then the method 40 proceeds to step S409
to determine whether the real-time measurement value
of the rate of change of frequency is less than the setting
value of the rate of change of frequency. If the determi-
nation result in step S409 is "YES", then it is determined
at step S410 that the electrical power system enters into
the three-phase voltage normal state.
[0067] Similarly to Fig. 3, for example, it may be as-
sumed that the zero sequence voltage setting value in
step S402 is 10% of the voltage rating and the voltage
setting value in step S403 is 80% of the voltage rating.
However, the present invention is not limited thereto,
those skilled in the art may set appropriate setting values
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according to the specific situations.
[0068] In addition, as described above, the angle sud-
den-change setting value in step S404 is a fixed value
which can be preset according to a specific situation, and
those skilled in the art can set an appropriate angle sud-
den-change setting value for determining whether the
electrical power system enters into the three-phase volt-
age abnormal state according to practical requirements.
[0069] It should be noted that the execution order of
the steps S402 to S404 is not limited to the order shown
in Fig. 4, and steps S402 to S404 may be performed in
any suitable orders. As long as the determination result
of any of them is "YES", it is considered that the electrical
power system enters into three-phase voltage abnormal
state.
[0070] It should be understood that, similarly to Fig. 3,
although not shown in Fig. 4, if the determination result
at step S409 is "NO", that is, when the determination
condition of the three-phase voltage normal state is not
satisfied, the current state can be maintained. For exam-
ple, if it has been previously determined that the electrical
power system enters into the three-phase voltage abnor-
mal state, then when the determination result at step
S409 is "NO", it is considered that the electrical power
system is still in the three-phase voltage abnormal state,
and it is determined that the electrical power system en-
ters into the three-phase voltage normal state when the
judgment result at step S409 is "YES". For another ex-
ample, if it has been previously determined that the elec-
trical power system enters into the three-phase voltage
normal state, then when the determination result at step
S409 is "NO", it is considered that the electrical power
system is still in the three-phase voltage normal state.
[0071] After determining that the electrical power sys-
tem enters into the three-phase voltage abnormal state
at step S405, the method 40 for electrical islanding de-
tection proceeds to step S406. At step S406, an accu-
mulated voltage angle change of the three-phase voltage
is calculated based on the real-time frequency measure-
ment value.
[0072] Specifically, the voltage angle sudden-change
of each phase that is calculated based on the zero-cross-
ing detection or Fourier Transform in the above described
method 20 for electrical islanding detection is an instan-
taneous value, while in the method 40 for electrical is-
landing detection, it is not calculated for each phase of
the three-phase voltage, instead, an accumulated value
of the total voltage angle changes of the three-phase
voltage is calculated based on the real-time frequency
measurement value. For example, an equation for cal-
culating the accumulated voltage angle change may be
as follows. 

[0073] Here, f(t0) is the voltage frequency value at the

time when it is determined that the electrical power sys-
tem enters into the three-phase voltage abnormal state.
Ang(t) is the instantaneous value of the voltage angle
change at time t, and ∑Ang(t) represents the accumulat-
ed voltage angle change of the three-phase voltage.
[0074] After calculating the accumulated voltage angle
change of the three-phase voltage at step S406, the
method 40 for electrical islanding detection proceeds to
step S407. At step S407, it is determined whether the
accumulated voltage angle change is greater than an
accumulated angle change setting value. If it is deter-
mined at step S407 that the accumulated voltage angle
change is greater than the accumulated angle change
setting value, then it is further determined at step S408
that the electrical islanding appears.
[0075] Specifically, as described before, the accumu-
lated angle change setting value is a fixed value which
is preset according to a specific situation, and those
skilled in the art can set an appropriate accumulated an-
gle change setting value for determining whether or not
the electrical islanding appears according to practical re-
quirements. Here, the accumulated angle change setting
value is different from the aforementioned first or second
angle sudden-change setting value. The former is an ac-
cumulated value and the latter is an instantaneous value.
[0076] After determining that the electrical power sys-
tem enters into the three-phase voltage normal state at
step S410, the method 40 for electrical islanding detec-
tion proceeds to step S411. At step S411, the calculation
of the accumulated voltage angle change is ended.
[0077] Specifically, in the method 40 for electrical is-
landing detection of the present disclosure, the three-
phase voltage state of the electrical power system is first
determined. If the electrical power system enters into the
three-phase voltage abnormal state, it is began to calcu-
late the accumulated voltage angle change for the three-
phase voltage, and the calculated accumulated voltage
angle change is compared with the accumulated angle
change setting value to determine whether the electrical
islanding appears. If the electrical power system enters
into the three-phase voltage normal state, the calculation
of the accumulated voltage angle change of the three-
phase voltage is stopped, that is, in the three-phase volt-
age normal state, it is impossible for the electrical island-
ing to appear in the electrical power system, so there is
no need to carry out corresponding calculations and de-
terminations.
[0078] After step S408 or S411, the electrical islanding
detection method 40 ends.
[0079] Alternatively, in the method 40 for electrical is-
landing detection according to the embodiment of the
present disclosure, the three-phase voltage is three
phase-to-phase voltages. However, the present inven-
tion is not limited thereto, and the present invention may
also employ a three-phase-to-ground voltage. However,
it is preferable to employ three phase-to-phase voltages
than to employ a three-phase-to-ground voltage.
[0080] In the method 40 for electrical islanding detec-
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tion, by adopting a "three-phase voltage abnormal state"
to start a calculation of the accumulated angle changes
of the three-phase voltage and adopting a "three-phase
voltage normal state" to stop the calculation, the present
disclosure, compared with the conventional VVS-based
method for islanding detection, can effectively improve
the sensitivity of islanding detection and ensure reliability.
[0081] The methods 20 and 40 for electrical islanding
detection according to embodiments of the present dis-
closure are described above with reference to Figs. 1-4.
In the following, an apparatus 50 for electrical islanding
detection according to another embodiment of the
present disclosure will be described with reference to Fig.
5. Fig. 5 is a block diagram illustrating configuration of
main units of an apparatus 50 for electrical islanding de-
tection according to an embodiment of the present dis-
closure. Specifically, the apparatus 50 for electrical is-
landing detection may be connected in the electrical pow-
er system, for example, at the secondary side of the volt-
age transformer, in order to detect the electrical islanding
in the electrical power system.
[0082] As shown in Fig. 5, the apparatus 50 for elec-
trical islanding detection according to the embodiment of
the present disclosure may include: a voltage reception
unit 501, a first calculation unit 502, a first determination
unit 503, a second determination unit 504 and a third
determination unit 505.
[0083] The voltage reception unit 501 receives a three-
phase voltage in an electrical power system. The first
calculation unit 502 calculates, for the three-phase volt-
age, the voltage angle sudden-change of each phase
respectively. The first determination unit 503 determines
whether the absolute value of the voltage angle sudden-
change of each phase is greater than a first angle sud-
den-change setting value. If the first determination unit
503 determines that the absolute value of the voltage
angle sudden-change of each phase is greater than the
first angle sudden-change setting value, the second de-
termination unit 504 determines whether the directions
of the voltage angle sudden-changes of the three phases
are the same. And, if the second determination unit 504
determines that the directions of the voltage angle sud-
den-changes of the three phases are the same, the third
determination unit 505 determines that the electrical is-
landing appears.
[0084] Alternatively, although not shown in Fig. 5, the
second determination unit 504 includes a second sub-
determination unit which determines whether the abso-
lute value of the average of the voltage angle sudden-
changes of the three phases is greater than the first angle
sudden-change setting value. And, the third determina-
tion unit 505 determines that the electrical islanding ap-
pears if the second sub-determination unit determines
that the absolute value of the average of the voltage angle
sudden-changes of the three phases is greater than the
first angle sudden-change setting value.
[0085] Alternatively, although not shown in Fig. 5, the
first calculation unit 502 includes a first sub-calculation

unit for calculating a voltage angle sudden-change of
each phase between adjacent voltage cycles respective-
ly based on a zero-crossing detection.
[0086] Alternatively, although not shown in Fig. 5, the
second determination unit 503 includes a second sub-
determination unit which determines whether the signs
of the voltage angle sudden-changes of the three phases
are the same. And, the third determination unit 505 de-
termines that the electrical islanding appears if the sec-
ond sub-determination unit determines that the signs of
the voltage angle sudden-changes of the three phases
are the same.
[0087] Alternatively, although not shown in Fig. 5, the
apparatus 50 for electrical islanding detection further in-
cludes a fourth determination unit which determines that
the electrical power system enters into a three-phase
voltage abnormal state if the three-phase voltage meets
any one of the following conditions that: a zero sequence
voltage is greater than a zero sequence voltage setting
value; or a magnitude of any phase voltage is less than
a voltage setting value; or the absolute value of the volt-
age angle sudden-change of any phase between adja-
cent voltage cycles is greater than a second angle sud-
den-change setting value, wherein the second angle sud-
den-change setting value is less than the first angle sud-
den-change setting value; and determines that the elec-
trical power system enters into a three-phase voltage nor-
mal state if none of the above conditions is met and a
real-time measurement value of the rate of change of
frequency is less than a setting value of the rate of change
of frequency.
[0088] Alternatively, although not shown in Fig. 5, the
first calculation unit 502 includes a first sub-calculation
unit for calculating a voltage phase angle of each voltage
cycle using the Fourier Transform, and calculating a volt-
age angle sudden-change of each phase based on a last
stable angle. And, the last stable angle is updated with
the latest calculated voltage phase angle in the three-
phase voltage normal state, and the last stable angle is
kept unchanged in the three-phase voltage abnormal
state.
[0089] Alternatively, in the apparatus 50 for electrical
islanding detection, when the time period that the last
stable angle is kept unchanged in the three-phase volt-
age abnormal state is greater than the effective time limit
setting value of the last stable angle, the apparatus 50
for electrical islanding detection is blocked until the elec-
trical power system enters into the three-phase voltage
normal state.
[0090] Alternatively, in the apparatus 50 for electrical
islanding detection, the three-phase voltage is three
phase-to-phase voltages.
[0091] The configuration and specific operations of
each unit of the apparatus 50 for electrical islanding de-
tection have been described in detail with reference to
the method 20 for electrical islanding detection as shown
in Figs. 1-3, and will not be repeated here.
[0092] In the apparatus 50 for electrical islanding de-
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tection, by further considering whether the directions of
the voltage angle sudden-changes of the three phases
are the same or not as one of the criteria for determining
whether the electrical islanding appears, the present dis-
closure, compared with the conventional VVS-based
method for islanding detection, can detect the electrical
islanding more sensitively and accurately while effective-
ly reduce the possibility that mal-operations occur in the
case that the electrical power system fails.
[0093] Alternatively, the functions and operation
modes of the respective units in the apparatus 50 for
electrical islanding detection shown in Fig. 5 are not lim-
ited to the above, and they may also be implemented
according to the method 40 for electrical islanding detec-
tion as described above with reference to Fig. 4.
[0094] Specifically, the voltage reception unit 501 re-
ceives a three-phase voltage in an electrical power sys-
tem. The first determination unit 503 determines that the
electrical power system enters into a three-phase voltage
abnormal state if the three-phase voltage meets any one
of the following conditions that: a zero sequence voltage
is greater than a zero sequence voltage setting value; or
a magnitude of any phase voltage is less than a voltage
setting value; or the absolute value of the voltage angle
sudden-change of any phase between adjacent voltage
cycles is greater than an angle sudden-change setting
value; determines that the electrical power system enters
into a three-phase voltage normal state if none of the
above conditions is met and a real-time measurement
value of the rate of change of frequency is less than a
setting value of the rate of change of frequency. The first
calculation unit 502 calculates, when the electrical power
system enters into the three-phase voltage abnormal
state, an accumulated voltage angle change of the three-
phase voltage based on the real-time frequency meas-
urement value. The second determination unit 504 de-
termines whether the accumulated voltage angle change
is greater than an accumulated angle change setting val-
ue. And, the third determination unit 504 determines that
the electrical islanding appears if the second determina-
tion unit 504 determines that the accumulated voltage
angle change is greater than the accumulated angle
change setting value. When the electrical power system
enters into the three-phase voltage normal state, the first
determination unit 502 stops the calculation of the accu-
mulated voltage angle change.
[0095] Therefore, in the alternative apparatus 50 for
electrical islanding detection, by adopting the "three-
phase voltage abnormal state" to start the calculation of
the accumulated angle change of the three-phase volt-
age and adopting the "three-phase voltage normal state"
to end the calculation, the present invention, when com-
pared with the conventional VVS-based method for is-
landing detection, can effectively improve the sensitivity
of islanding detection and ensure reliability.
[0096] In the above, the method and apparatus for
electrical islanding detection according to the embodi-
ments of the present invention have been described with

reference to Figs. 1-5.
[0097] It should be noted that, in this specification, the
terms "include", "comprise" or any other variations there-
of are intended to cover non-exclusive inclusions so that
a procedure, method, article, or device that includes a
series of elements includes not only those elements, but
also includes other elements that are not explicitly listed,
or elements that are inherent to such a procedure, meth-
od, article, or device. With no more limitation, the element
defined by the sentence "include a..." does not exclude
that there is another same element in the procedure,
method, article, or device including the element.
[0098] Finally, it should also be noted that the above-
described series of processes include not only processes
performed chronologically in the order as described here-
in but also include processes performed in parallel or
individually instead of chronologically.
[0099] With the above description of the embodiments,
those skilled in the art can clearly understand that the
present disclosure can be implemented by software in
combination with necessary hardware platform, and of
course the present disclosure may also be fully imple-
mented by hardware. Based on such understanding, a
part of or full part of the technical solution of the invention
which contributes to the prior art may be embodied in
form of a software product. This computer software prod-
uct can be stored in a storage medium, such as a
ROM/RAM, a disk, an optical disc and the like, and in-
clude multiple instructions to cause a computer device
(possibly a personal computer, a server or a network de-
vice, etc.) to implement the embodiments of the disclo-
sure or method described by some parts of the embod-
iments.
[0100] In the embodiments of the present disclosure,
the module/unit may be realized by software so as to be
executed by various processors. For example, an iden-
tified executable code module may comprise one or more
physical or logical blocks of the computer instructions,
which may, for example, be constructed as an object, a
process, or a function. Nevertheless, the executable
codes of the identified module are not necessary to be
located together physically, and may comprise different
instructions stored at different locations, which may con-
struct a module and achieve the predetermined purpose
of the module when being combined together logically.
[0101] When the module is realized by software, con-
sidering the existing hardware manufacture process,
those skilled in the art may implement its function by cor-
responding hardware circuits comprising the normal VL-
SI circuit or the existing semiconductor such as a logical
chip or a transistor, or other discrete elements, regard-
less of cost. The module may also be implemented by a
programmable hardware device, such as a field program-
mable gate array, a programmable array logic, or a pro-
grammable logical device, etc..
[0102] The present disclosure has been described
above in detail. The principle and implementation of the
present disclosure is described by way of example in the
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description. The above description of the embodiments
is only for facilitating understanding of the method and
the idea of the present disclosure. It should be noted that
various modifications and alternations may be made by
those of ordinary skill in the art without departing from
the principle of the present disclosure, based on the
teaching of the present disclosure. In summary, the de-
scription shall not be construed as a limitation to the
scope of the present disclosure.

Claims

1. A method for electrical islanding detection, compris-
ing:

receiving a three-phase voltage in an electrical
power system;
for the three-voltage voltage, calculating a volt-
age angle sudden-change of each phase, re-
spectively;
determining whether an absolute value of the
voltage angle sudden-change of each phase is
greater than a first angle sudden-change setting
value;
determining whether directions of the voltage
angle sudden-changes of the three phases are
the same if the absolute value of the voltage
angle sudden-change of each phase is greater
than the first angle sudden-change setting val-
ue; and
determining that the electrical islanding appears
if the directions of the voltage angle sudden-
changes of the three phases are the same.

2. The method for electrical islanding detection accord-
ing to claim 1, wherein determining whether direc-
tions of the voltage angle sudden-change of the three
phases are the same comprises:

determining whether an absolute value of the
average of the voltage angle sudden-changes
of the three phases is greater than the first angle
sudden-change setting value, and wherein
determining that the electrical islanding appears
if the absolute value of the average of the voltage
angle sudden-changes of the three phases is
greater than the first angle sudden-change set-
ting value.

3. The method for electrical islanding detection accord-
ing to claim 2, wherein calculating the voltage angle
sudden-change of each phase respectively compris-
es:

calculating the voltage angle sudden-change of
each phase between adjacent voltage cycles re-
spectively based on a zero-crossing detection.

4. The method for electrical islanding detection accord-
ing to claim 1, wherein determining whether direc-
tions of the voltage angle sudden-changes of the
three phases are the same comprises:

determining whether signs of the voltage angle
sudden-changes of the three phases are the
same, and wherein
determining that the electrical islanding appears
if the signs of the voltage angle sudden-changes
of the three phases are the same.

5. The method for electrical islanding detection accord-
ing to claim 4, after receiving the three-phase voltage
in the electrical power system, the method further
comprising:

determining that the electrical power system en-
ters into a three-phase voltage abnormal state
if the three-phase voltage meets any one of the
following conditions comprising: a zero se-
quence voltage is greater than a zero sequence
voltage setting value, or a magnitude of any
phase voltage is less than a voltage setting val-
ue, or an absolute value of the voltage angle
sudden-change of any phase between adjacent
voltage cycles is greater than a second angle
sudden-change setting value, wherein the sec-
ond angle sudden-change setting value is less
than the first angle sudden-change setting val-
ue; and
determining that the electrical power system en-
ters into a three-phase voltage normal state if
none of the above conditions is met and a real-
time measurement value of the rate of change
of frequency is less than a setting value of the
rate of change of frequency.

6. The method for electrical islanding detection accord-
ing to claim 5, after receiving the three-phase voltage
in the electrical power system, the method further
comprising:

calculating the voltage phase angle of each volt-
age cycle using the Fourier Transform, wherein
calculating the voltage angle sudden-change of
each phase respectively comprises:

calculating the voltage angle sudden-
change of each phase based on a last stable
angle, and wherein

the last stable angle is updated with the latest
calculated voltage phase angle in the three-
phase voltage normal state, and the last stable
angle is kept unchanged in the three-phase volt-
age abnormal state.
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7. The method for electrical islanding detection accord-
ing to claim 6, wherein when the time period during
which the latest stable angle is kept unchanged in
the three-phase voltage abnormal state is greater
than an effective time limit setting value of the latest
stable angle, the method for electrical islanding de-
tection is blocked until the electrical power system
enters into the three-phase voltage normal state.

8. A method for electrical islanding detection method,
comprising:

receiving a three-phase voltage in an electrical
power system;
determining that an electrical power system en-
ters into a three-phase voltage abnormal state
if the three-phase voltage meets any one of the
following conditions comprising:

a zero sequence voltage is greater than a
zero sequence voltage setting value; or
a magnitude of any phase voltage is less
than a voltage setting value; or
an absolute value of the voltage angle sud-
den-change of any phase between adjacent
voltage cycles is greater than an angle sud-
den-change setting value;

determining that the electrical power system en-
ters into a three-phase voltage normal state if
none of the above conditions is met and a real-
time measurement value of the rate of change
of frequency is less than a setting value of the
rate of change of frequency;
when the electrical power system enters into the
three-phase voltage abnormal state, calculating
an accumulated voltage angle change of the
three-phase voltage based on the real-time fre-
quency measurement value;
determining whether the accumulated voltage
angle change is greater than an accumulated
angle change setting value; and
determining that the electrical islanding appears
if the accumulated voltage angle change is
greater than the accumulated angle change set-
ting value,
wherein when the electrical power system en-
ters into the three-phase voltage normal state,
the calculation of the accumulated voltage angle
change is stopped.

9. An apparatus for electrical islanding detection, com-
prising:

a voltage reception unit for receiving a three-
phase voltage in an electrical power system;
a first calculation unit for, for the three-voltage
voltage, calculating a voltage angle sudden-

change of each phase, respectively;
a first determination unit for determining whether
an absolute value of the voltage angle sudden-
change of each phase is greater than a first an-
gle sudden-change setting value;
a second determination unit for determining
whether directions of the voltage angle sudden-
changes of the three phases are the same if the
absolute value of the voltage angle sudden-
change of each phase is greater than the first
angle sudden-change setting value; and
a third determination unit for determining that
the electrical islanding appears if the directions
of the voltage angle sudden-changes of the
three phase are the same.

10. The apparatus for electrical islanding detection ac-
cording to claim 9, wherein the second determination
unit comprises a second sub-determination unit
which determines whether an absolute value of the
average of the voltage angle sudden-changes of the
three phases is greater than the first angle sudden-
change setting value, and
wherein the third determination unit determines that
the electrical islanding appears if the second sub-
determination unit determines that the absolute val-
ue of the average of the voltage angle sudden-
changes of the three phases is greater than the first
angle sudden-change setting value.

11. The apparatus for electrical islanding detection ac-
cording to claim 10, wherein the first determination
unit comprises:

a first sub-determination unit for calculating the
voltage angle sudden-change of each phase be-
tween adjacent voltage cycles respectively
based on a zero-crossing detection.

12. The apparatus for electrical islanding detection ac-
cording to claim 9, wherein the second determination
unit comprises a second sub-determination unit
which determines whether the signs of the voltage
angle sudden-changes of the three phases are the
same, and
wherein the third determination unit determines that
the electrical islanding appears if the second sub-
determination unit determines that the signs of the
voltage angle sudden-changes of the three phases
are the same.

13. The apparatus for electrical islanding detection ac-
cording to claim 12, further comprising a fourth de-
termination unit which
determines that the electrical power system enters
into a three-phase voltage abnormal state if the
three-phase voltage meets any one of the following
conditions comprising:
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a zero sequence voltage is greater than a zero
sequence voltage setting value; or
a magnitude of any voltage phase is less than
a voltage setting value; or
an absolute value of the voltage angle sudden-
change of any phase between adjacent voltage
cycles is greater than a second angle sudden-
change setting value, wherein the second angle
sudden-change setting value is less than the first
angle sudden-change setting value; and

determines that the electrical power system enters
into a three-phase voltage normal state if none of
the above conditions is met and a real-time meas-
urement value of the rate of change of frequency is
less than a setting value of the rate of change of
frequency.

14. The apparatus for electrical islanding detection ac-
cording to claim 13, wherein the first calculation unit
comprises:

a first sub-calculation unit for calculating the volt-
age phase angle of each voltage cycle using the
Fourier Transform, and calculating the voltage
angle sudden-change of each phase based on
a last stable angle, and
wherein the last stable angle is updated with the
latest calculated voltage phase angle in the
three-phase voltage normal state, and the last
stable angle is kept unchanged in the three-
phase voltage abnormal state.

15. The apparatus for electrical islanding detection ac-
cording to claim 14, wherein when the time period
during which the latest stable angle is kept un-
changed in the three-phase voltage abnormal state
is greater than an effective time limit setting value of
the latest stable angle, the apparatus for electrical
islanding detection is blocked until the electrical pow-
er system enters into the three-phase voltage normal
state.

16. An apparatus for electrical islanding detection, com-
prising:

a voltage reception unit for receiving a three-
phase voltage in an electrical power system;
a first determination unit for

determining that the electrical power sys-
tem enters into a three-phase voltage ab-
normal state if the three-phase voltage
meets any one of the following conditions
comprising:

a zero sequence voltage is greater than
a zero sequence voltage setting value;

or
a magnitude of any phase voltage is
less than a voltage setting value; or
an absolute value of the voltage angle
sudden-change of any phase between
adjacent voltage cycles is greater than
an angle sudden-change setting value;

determining that the electrical power sys-
tem enters into a three-phase voltage nor-
mal state if none of the above conditions is
met and a real-time measurement value of
the rate of change of frequency is less than
a setting value of the rate of change of fre-
quency;

a calculation unit for, when the electrical power
system enters into the three-phase voltage ab-
normal state, calculating an accumulated volt-
age angle change of the three-phase voltage
based on the real-time frequency measurement
value;
a second determination unit for determining
whether the accumulated voltage angle change
is greater than an accumulated angle change
setting value; and
a third determination unit for determining that
the electrical islanding appears if the accumu-
lated voltage angle change is greater than the
accumulated angle change setting value,
wherein when the electrical power system en-
ters into the three-phase voltage normal state,
the calculation unit stops the calculation of the
accumulated voltage angle change.
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