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(57) Abstract: The invention relates to method of
detecting out of step presence in an electric power
network. The method is based on a protection
device (2, 3) having means (3) for measuring
voltage and currents signals of the electric lines (1)
at a local (A) and remote (B) terminals and having a
computer means for data processing and calculation
frequency of current and voltage at the local termin-
al (A) and at the remote terminal (B) and for calcu-
lating a value of the frequency. The method further
comprises the following steps: calculating a value of
difference of frequency differences Af between the
local (A) and remote (B) terminals, determination
criteria Critl, Crit2, Crit3, Crit4 for out of step de-
tection and configuration of special thresholds for
each criterion by a user, determination of the pres-
ence of out of step through a logic sum of the results
of the all criteria and automatically creating a signal
for activating remedial action, triggering an alarm or
passing the signal indicating the out of step detec-
tion to other protection devices.
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A method of out of step detection in electrical power network

The invention relates to a method of detecting out of step presence in an electric power
network. The electrical power network may be formed from two separate power systems
connected together by a multiphase transmission line or from one power system and
transmission line to which a generator is connected. The invention can be used also in the
power network with multiple transmission lines connected to many generators, motors and
loads, and in which a part of a system needs to be isolated in case of an occurrence of out of
step. The invented method is used to protect a power system against the out of step
condition. The method detects the out of step condition by utilizing frequency differences

between current and voltages in local and remote locations.

The known methods for detecting out of step in a power system and/or transmission
line are mainly based on measurements from one end of the power system and/or
transmission line. For example, an impedance method utilized local measurements of current
and voltage of the system in order to calculate impedance. The impedance trajectory is
monitored and basing on certain allowed area of operation the condition of the appearance of

the out of step is determined.

From patent application W02010/145684 there is a known arrangement for protecting
equipment of an electrical power system comprising of electric machines. This arrangement
provides information about a known method for determination of power swing and/or to
provide information relating to the occurrence of a pole slip in the electric power system
through the utilization of the frequency of the current and the frequency of the voltage. The
described patent application refers to protection equipment that is configured to measure the
frequency of the current and voltage in at least one location in the electrical power system.
Power swing is detected if values of the frequency of the current and voltage show that the
measured current phasor starts to rotate at a different rate to the measured voltage phasor
and if the relative angle between the electro-motive forces of said two theoretical electrical
machines thereof is continuously increasing or decreasing. Power swing is located on a
motor side if the frequency of the current measured is higher than the frequency of the
voltage. Conversely, power swing is located on a generator side, if the frequency of the
current is lower than the frequency of the voltage. The method can determine the described

phenomenon only if the protected motor/generator is the source of the power swing.
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Additionally, the method utilizes relative angle criteria, which require additional settings for

determination of increasing or decreasing angle.

Utilization of measurements from both ends of the power system and/or transmission line

increases protection reliability and efficiency.

From patent description US 7,930,117 there is a known method for detecting power swing
and out of step using an intelligent electric device IED in the power system. The detection of
out of step is based on measurements from two locations in the electrical power system.
Voltage measurements may be received from the first and the second IED. The
measurements may be time synchronized and utilized to calculate the difference of the
angles of the voltage positive sequences between the first and the second location in the
electrical power system. From the difference in angle between a local and remote IED a slip
frequency and acceleration may be obtained. This allows the trajectory of slip frequency and
acceleration to be monitored and compared to the operating region and a swing detection
region. The angle difference, slip frequency, and acceleration may be used to detect an out
of step condition in the electrical power system and/or power swing between the first location
and the second location in the electrical power system. The angle difference, slip frequency
and acceleration may also be used to predict the occurrence of out of step conditions in the
future. However, calculating the second derivative i.e. acceleration can cause numerical
errors, problem associated with the differentiation is the amplification of high frequency noise
or significant computation delay. Another disadvantage of this solution is that the efficiency of
the method depends on the correct setting of the operating region and swing detection region

being made.

The essence of the inventive method for detecting out of step presence in an electric power
network involves the use of a protection device having means for measurement voltage,
VA, VB and currents signals, IA, 1B of electric lines at a local and remote terminals of the
electric network and having a computer means for data processing and calculating a
frequency of current f;, and a frequency of voltage f,; at the local terminal and a frequency
of current f;, and a frequency of voltage f;;, at the remote terminal, calculating a value of a
frequency difference Af; at local terminal and a value of a frequency difference Af, at

remote terminal, is that it performs the following steps:

- calculating a value of difference of frequency differences Af between the local and

between remote terminals,
- determination of criteria Crit1, Crit2, Crit3, Crit4 for out of step detection with the user

setting special thresholds for each criterion, where:
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Crit1 has a form:

(Critl == 1) & (abs(Af) > foatue_thr)
where:
abs(Afy) is the absolute value of frequency difference in local terminal,

foawue thr 1S @ threshold value for frequency difference in local terminal set by a user;

- Crit2 has a form:

(@ futra) VD (ar < =)
(Crit2==1) ® OR ,
(@ < ~fair_tnr) AND (ar > fair_thr)

where:

a; — is monotonicity coefficient of the frequency difference for the local terminal,

a, - is monotonicity coefficient of the frequency difference for a remote terminal,

fair_tnr — is @ threshold value for monotonicity coefficient set by a user;

- Crit3 has aform:

(Crit3 == 1) & (sgn(Afy) # sgn (Af))

where:

sgn(Af,) — signum function for local terminal,

sgn(Af,) — signum function for remote terminal,
Af, —is frequency difference at local terminal,

Af. —is frequency difference at remote terminal;

- Crit4 has a form:

(Critd == 1) & (abs(Af) > fuifr.tnr)
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where:
Af - is value of difference of frequency differences in local and remote terminal,

abs(Af) — is absolute value of difference of frequency differences in local and remote

terminal,

fairfenr —is @ threshold value for difference of frequency difference setting by a user;

- determination out of step presence by making a logic product of the results of all of
the criteria Crit1, Crit2, Crit3, Crit4 for each sample of interest at the same time
instant and when the result of the logic sum is “1” the out of step is detected,

- automatically creating a signal to activate remedial action, triggering an alarm and/or

passing the signal indicating the out of step detection to other protection devices.

Preferably a monotonicity coefficient q; of the frequency difference for the local
terminal is calculated according a numerical implementation of the Least Squares

method according to formulas:

Ty thntibf lkmnti—Dreq tk=n+i Lz A tk=n+i

no .2 n )2
NIk i nei—(Zfen thonei)

a =

where:

n — number of samples used in the calculation, given by user,
t, — k-time instant,

i —number of iteration,

and a monotonicity coefficient a, of the frequency difference for remote terminal is
calculated according a numerical implementation of Least Squares method according to

formulas:

n n
Yy timntibf rk—nti=Dieq tk=n+i'Tim1 B rk—n+i

n o .2 n 32
nIL, thonei— (Bieq th-n+i)

a, =

where:
n - number of samples used in the calculation, given by user, typically set as 5,

t, —k-time instant,



WO 2014/094985 5 PCT/EP2013/003668

i — number of iteration in formula.

Preferably a difference of frequency differences Af in local and remote terminal is calculated
in the following way:
Af = Afy — Af,
where:
Af, —is frequency difference at local terminal,
Af, —is frequency difference at remote terminal.

The essence of a device for implementing the method according to claims 1-3 of out of
step detection in an electric power network, comprising means for measuring electric
data in a local and a remote terminal and a computer means for processing the
measured data in the form of a protection relay, is that it also comprises the following
means embedded in the functional modules of the protection system of the protection

relay,

- means for calculating an absolute value of frequency difference abs(Af;) in the local

terminal,

- means for calculating monotonicity coefficients of the frequency difference q, of the

frequency difference for a local terminal and a, for a remote terminal,

- means for calculating signum functions sgn(Af;) for a local terminal and sgn(Af;) for a

remote terminal,

- means for calculating an absolute value of difference of frequency differences abs(4f)

in a local and a remote terminal, and where:

- means for setting and checking the criteria Critt, Crit2, Crit3, Crit4 are embedded in

an out of step detection module and in a setting module of the protection system,

- means for calculating a logic product of the all criteria Crit1, Crit2, Crit3, Crit4 are

embedded in an out of step detection module,

- means for activation of remedial action and/or alarming the user by signal when the

result of the logic sum is “1” are embedded in the out of step detection module.
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Preferably the input of the out of step detection module is connected with the setting

module and with a frequency differences calculating module.
Preferably the protection relay has a form of Intelligent Electronic Device IED.
Preferably the Intelligent Electronic Device IED is IED670 produced by ABB company.

Preferably the local and remote terminals are electrically connected by communications

link through protective relays.

A computer program product comprising computer code which when executed in a
computing device caries out of the steps of a method according to the claims 1-3.

The invented method has a number of advantages over other known methods. First, due to
the utilization of measurements from more than one point in the system it is able to achieve
high reliability. The set of different criteria ensures that the method does not cause false
alarm signals. There are no unstable mathematical operations such as derivative calculation
that may cause instability of the method. Moreover, the method is easily configured as it only

requires a few settings.

The method for executing the invention is presented in exemplary embodiments in the

drawings where:

Fig.1 — shows schematically the first electrical power network with two powef systems,
Fig.2 — the second electrical power network with one power system and one generator,
Fig.3 — the third electrical power network with multiple transmission lines,

Fig.4 — a schematic diagram of a protection relay device adapted to execute the method

according to the invention,
Fig.5 — the sequence of actions performed to execute the method according to the invention,
Fig.6 — the details of step S6 from fig.5,

Fig.7 — diagram of out of step determination for the function of frequency differences in the

time domain.

The invention is presented in exemplary embodiments where three different electrical

power networks are used.
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In the first embodiment of the invention the electrical power network has two power systems,
a first power system PS1 and a second power systems PS2. The two power systems PS1
and PS2 are connected together by a three-phase transmission line 1. The transmission line
is equipped with two measuring terminals, a first local terminal A and the second remote
terminal B. Local terminal A can also be the remote terminal B where the remote terminal B
plays the role of local terminal A. Each of the terminals have an electrical connection with
commonly known protection relays 2. In both terminals A and B the sensors 3 for measuring
voltage and current from the power systems PS1 and PS2 are located. Such sensors 3 may
be connected to the protection relays 2, or other microcomputer devices for gathering and
processing the measured data. In order to simplify the understanding of the invention only
the protection relay 2 is presented as such a device. Each of the relays 2 has special
modules for detecting an out of step condition in the power system PS1 or PS2. The details
of such module are explainedb in other parts of the description. Both protection relays 2 have
communications means for providing communication link between them, which for example
may be a wire link 4. Instead of wire link 4 the communication may be realized by wireless

connection means.

In the second embodiment of the invention the electrical power network has the power
system PS1 which is connected with the generating unit 5 through transmission line 1. In this
embodimént the local terminal A is located directly in powers system PS1, which is indicated
in a symbolic way placing the letter A in the box PS1, and the remote terminal B is located
on the line 1 between the power system PS1 and the generating unit 5. The terminals A and
B are connected with the protection relays 2 playing a similar role as that which was
described in the first embodiment of the invention. Both protection relays 2 have means for
providing communication links between them, which for example may be a wire link 4.

Instead of wire link 4 the communication may be realized by wireless connection means.

In the third embodiment of the invention the electrical power network has a form of many
transmission lines 1 where each of the lines connects the power systems PS1 ...PSy (where
N is a natural number) with another power system, or with the generating units 5 or with
loads 6. The transmission lines 1 have local terminals A and remote terminal B located on at
least one the same line 1. The terminals A and B are connected with the protection relay 2
playing the similar role as in the first and second embodiment. Instead of wire link 4 the

communication may be realized by wireless connection means.

In all exemplary embodiments of the invention, the first and the second protection relays 2
are used as devices for measuring, gathering and processing data. It is not important which
protection relay 2 is the first or second relay because all relays used in the invented method
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are identical devices. The relays 2 are electrically connected to the line 1 in the measuring
terminals A or B directly with all three phases of the line 1. Located in each of the measured
terminals is a means for measuring current and voltage and these means are electrically
connected with means for receiving a value of the measured data, located in the protection
relay 2. The means for receiving values of the measured data in terminal A and B are placed
in the protection system 21 of the relay 2, in which many functional modules are

implemented.

A data acquisition module 22 for local measurement is placed in the protection system 21.
The data acquisition module 22 is synchronized by clock 23, placed inside the protection
relay 2, with or without the protection system 21. The data acquisition module 22 is
connected with a data synchronization and integrity module 24 for time synchronization of
local and remote measured data with utilization of the clock 23. The data synchronization
and integrity module 24 is connected with a communication module 25 for receiving remote
measurements of voltage and current. The data synchronization and integrity module 24 also
is connected with a frequency calculation module 26 for calculating the frequency of
measured signals and for processing the data for subsequent steps realized in the method.
The frequency calculation module 26 is connected with a frequency differences calculation
module 27 for calculating the frequency differences between local and remote measured
data. The frequency differences calculation module 27 is connected with an out of step
detection module 28 for comparing the values of the measured and processed data and to
determine out of step detection criteria Crit1, Crit2, Crit3, Crit4, implemented by the inventive
method and for receiving the logic value of such a comparison. The out of step detection
module 28 is also connected with a setting module 29 for determining an occurrence of out of
step phenomenon. Module 28 is connected to signal 30 for activating a remedial action by
sending an appropriate alarm from the out of step detection module 28 to outside the
protection system 21. The alarm signal 30 is also connected with the communication module
25 for communicating a detection of out of step. The protection system 21 is connected also
with means for visualizing the result of the detection, which is not presented in the drawing.
Besides incorporating the protection system, the protection relay 2 contains many other
functional modules which are not the subject of the invention. Protection relay 2 could be any
device in the form of an IED devices (Intelligent Electronic Device). Preferably, the IED
device known under the name IED670 series produced by ABB is used as the protection

relay 2.
The invention is realized in the following steps S1-S8

Step S1
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Data measurement at a local terminal A and a remote terminal B

First, the three phase current I, and voltage V, signals at a local terminal A of a transmission
line 1 are measured by common known sensors 3. The measured signals from terminal A
are transmitted to the device for measuring and processing data, this device being a first
protection relay 2 equipped with protection system 21. The measured signals are acquired
by module 22. Terminal A can be located on the transmission line between two power
systems PS1 and PS2 as presented in fig.1, or between the power system PS1 and
generating unit 5 as presented in fig.2, or in any place of the multiterminal power system
PS1... PSn as presented in fig.3. In the protection system 21 the values of the measured the
three phase voltage signal Va and the measured three phase current signal | are gathered

and recorded.

Second, the current Iz and voltage Vg signals at a remote terminal B of the transmission line
1 are measured by common known sensors 3. The measured signals are acquired by
module 22 of the protection system of the second protection relay 2 in the same way as for

terminal A.

After the measurements, the signals la |z Va Vs are sampled and digitalized using the
protection relay 2. For this purpose in every time instant t, where k is a present time instant,
according to sampling frequency fs the data is digitized in a known way. The sampling
frequency fs can be fixed or variable and it is established by user — typical values of sampling

frequency are between 1kHz-10kHz.
Step S2

Data transmission from the remote terminal B to the local terminal A

Next, the three phase measured signals |z and Vg are transmitted from terminal B to the
terminal A for further processing utilizing communication link 4. The measured signals are
received by a communication module 25 of protection system 21 of the first protection relay
2. In the protection system 21 of the first protection relay 2 the values of the received signals

at the terminal B are gathered and recorded.
Step S3

Synchronization and integration of data
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At the step S3 which is executed in module 24 of protection system 21 of protection relay 2,
the data from local terminal A and the remote terminal B is time-synchronized in order to run
further processes on the data with the same time stamps. The data is synchronized
according to the clock 23.

Step S4
Frequency calculation

At step S4 a frequency of current and a frequency of voltage from both terminals A and B is
calculated using the data obtained in step 3. The calculation takes place in frequency
calculation module 26 of the protection system 21 and is realized in one of known way. As

the result of calculation of frequencies the following values are obtained:
fui — frequency of voltage in local terminal,

fu — frequency of current in local terminal,

fur — frequency of voltage in remote terminal.

Step S5

Frequency difference, monotonicity coefficients and difference of frequency difference

calculation

At step S5 a value of difference of frequency differences in local and remote terminals A and
B are calculated from data obtained in step S4. The step is executed in the frequency

differences calculation module 27 of the protection system 21.

First, a value of a frequency difference at local terminal A is calculating according to the

formula:
Afy = fui= fu (1)
where:

Af; - is a value of the frequency difference at local terminal A presented in fig.7a,

fui — is a value of the frequency of voltage in local terminal A,
f” — is the frequency of current in local terminal A.

Second, a value of a frequency difference at remote terminal B is calculating according to the

formula:

Afr = fur— fu (2)
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where:

Af, —is frequency difference at remote terminal B presented in fig.7a,

fur - frequency of voltage in remote terminal B,
f —is the frequency of current in local terminal A.

Next, a frequency difference direction is calculated. The frequency difference direction
expresses the monotonicity of frequency difference and is determined for local terminal A by
a monotonicity coefficient of the frequency difference a; and for remote terminal B by the
monotonicity coefficient of the frequency difference a,. In order to receive such coefficients
one of the methods of monotonicity implementation should be applied. There are many
known methods for calculating monotonicity. In this invention, the linear regression
coefficient method is calculated using the numerical implementation of Least Squares

method known in the state of the art according to formulas:

NI thentibf lk—n+i= a1 th=n+i Liza Af k=n+i (3)

a = >
n Z?:l tl%—nﬂ'"(zym tk—n+i)

where:

n —number of samples used in the calculation, given by user, typically set as 5,

t, — k-time instant,

i —number of iteration.

7’-2?=1 tk—n+iAfrk—n+i‘Z?=1 tk—n+i'2?=1 Afrk-n+i (4)

o= NSy = (T thonsi)

where:

n - number of samples used in the calculation, given by user, typically set as 5,
t, —k-time instant,

i —number of iteration in formula.

Next, the difference of frequency difference Af is calculated in order to avoid false out of step
detection when frequency differences are close together and small disturbances in direction
and values could trigger certain other criteria. The difference of frequency differences in a

local and a remote terminal is calculated in the following way:
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Af = Afy — Af, (5)
where:
Af - is difference of frequency differences in local and remote terminal,
Af; — is frequency difference at local terminal A,

Af, — is frequency difference at remote terminal B.

Step S6
Determination of Out of step conditions

At step S6 the four criteria Crit1, Crit2, Crit3, Crit4 are checked in order to prepare the
signals of logic value “1” or “0". The step S6 is executed in the out of step detection module
28 of protection system 21 and is described in details in fig.6.

- The first criterion Crit1 relies on comparison of an absolute value of frequency
difference in local terminal abs(Af)) with the value of a threshold fyque tnr 9iven by

the user in module 29 of protection system 21.

Critl ==1) ® (abs(Afy) > fvalue_thr) (6)

where:

abs(Af;) — is an absolute value of frequency difference in local terminal,

foatue_tnr — 1S @ threshold value for frequency difference in local terminal A setting by a

user in the module 29, typically set to 0.4Hz.

When Critl == 1 it means true.

When the criterion Crit1 is met, the result of this step is 1. In the opposite case the result
is O.

- The second criterion Crit2 relies on the determination of the frequency difference
direction. The monotonicity coefficients calculated for local and remote frequency
differences are compared with the value of a threshold fy;, 1nr given by the user in
the setting module 29 of protection system 21. Out of step existence is considered if

following formula is fulfilled:
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(a1 > fairy,) AND (ar < —fairens)
(Crit2 ==1) ® OR (7)

(a1 < ~fairenr) AND (ar > fair_enr)
where:
a; — is monotonicity coefficient of the frequency difference for local terminal A,
a, - is monotonicity coefficient of the frequency difference for remote terminal B,

fair enr — is @ threshold value for monotonicity coefficient, setting by a user in the module

29 and is typically 0.0001Hz.

Crit2 == 1 - means true

When the criterion Crit2 is met the result of this step is 1. In the opposite case the result
is 0.

- The third criterion Crit3 relies on examination of the sign of the frequencies
difference. The criterion describes the situation in which frequency differences at

local and remote terminal have opposite signs.
(Crit3 == 1) & (sgn(Af;) # sgn (Af.)) (8)
where:
sgn(Af,) — signum function for local terminal A,
sgn(Af,) — signum function for remote terminal B,
Af, - is frequency difference at local terminal A,

Af, — is frequency difference at remote terminal B.

When Crit3 == 1 — it means true
When the criterion Crit3 is met the result of this step is 1. In the opposite case the result
is 0.

- The fourth criterion Crit4 relies on comparison of absolute value of difference of
frequency differences at local and remote terminals with the threshold fyifs tnr given

by the user in module 29 of protection system 21 of protection relay 2.

(Crit4 == 1) & (abs(Af) > faifs chr) (9)

where:
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Af — is value of difference of frequency differences in local and remote terminal,

abs(Af) — is absolute value of difference of frequency differences in local and remote

terminal,

ﬂfdiff_thr — is a threshold value for difference of frequency difference setting by a user in

the module 29. The typical value is 0.5Hz

When Crit4 == 1 - it means true.

When the criterion Crit4 is met the result of this step is 1. In opposite case the result is 0.

At the step S6 the all criteria Crit1, Crit2, Crit3, Crit4 are checked during the action of the
system and the result “0” or “1” is checking in continuous way. When all the criteria are
fulfilled, the step S6 gives signal of logic 1 — true. In opposite situation step S6 gives the

signal of logic 0 — false.

Step S7
Out of step determination

At the step S7 the condition for appearance of out of step is checked in such a way that
when result of step S6 is “1” then the out of step is determined for a detection time t,, what
is presented in fig.7b and then the next step S8 is performed. In the opposite situation, the
method returns back to step S1 and processes the method in iterative way. Step S7 is

executed in module 28 of protection system 21.

Step S8

Activation of remedial action and/or alarming

At this step the detection signal is automatically released in order to activate remedial action,
alarm or pass the tripping signal further to next devices e.g. circuit breakers. The step S8 is
presented as the output signal 30 of protection system 21 which can be set on the output of
the protection system 21 in protection relay 2 or send to communication module for further

processes.
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Claims

1. A method of detecting out of step presence in an electric power network making use of a
protection device having means for measuring voltage (Va, Vs) and current signals (1, Is) of
electric lines at a local and remote terminals (A) and (B) of the electric network and having
a computer means for data processing and calculation a frequency of current f; and a
frequency of voltage f, at the local terminal (A) and a frequency of current f;,) and a
frequency of voltage fy, at the remote terminal (B), a calculating a value of a frequency
difference Af, at local terminal (A) and a value of a frequency difference Af, at remote

terminal (B), the method further comprises the following steps:

- calculating a value of difference of frequency differences Af between the local and

between remote terminals,
- determination criteria Crit1, Crit2, Crit3, Crit4 for out of step detection and set up by user a

special thresholds for each criterion, where:
-Crit1 has a form:
(Critl == 1) & (abs(Af)) > foatue_thr)
where:
abs(Af)) is the absolute value of frequency difference in local terminal,

foaiuetnr 18 @ threshold value for frequency difference in local terminal setting by a user,

- Crit2 has a form:

(al > fdirthr) AND (ar < —fdirthr)
(@ < ~faircnr) AND (ar > fair_thr)

where:

a; — is a monotonicity coefficient of the frequency difference for local terminal,

a, — is a monotonicity coefficient of the frequency difference for remote terminal,

fair_tnr — is @ threshold value for monotonicity coefficient set by a user;
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- Crit3 has aform:

(Crit3 == 1) & (sgn(Af)) # sgn(Af))
where:
sgn(Af;) — signum function for local terminal,
sgn(Af,) — signum function for remote terminal,
Af, —is a frequency difference at local terminal,

Af, —is a frequency difference at remote terminal;

- Crit4 has a form:

(Crita == 1) @ (abs(Af) > faifs.thr)
where:
Af — is value of difference of frequency differences in local and remote terminal,

abs(Af) — is absolute value of difference of frequency differences in local and remote

terminal,

fairs.enr —is @ threshold value for difference of frequency difference set by a user;

- determination out of step presence by making a logic product of the results of the all
criteria Crit1, Crir2, Crit3, Crit4 for each sample of interest at the same time instant
and when the result of the logic sum is “1” the out of step is detected,

- automatically creating a signal for activate remedial action, triggering alarm or pass

the signal indicating the out of step detection to other protection devices.

2. The method according to claim 1, characterized in that:

a monotonicity coefficient a, of the frequency difference for local terminal is calculated

according a numerical implementation of Least Squares method according to formulas:

Y thmntibf k—n+i=Dpe1 tk—n+iTiz1 Of k—n+i

n L2 n 32
NI 2 = (Sheq thonsi)

a, =



WO 2014/094985 17 PCT/EP2013/003668

where:
n — number of samples used in the calculation, given by user,
t, — k-time instant,

i —number of iteration,

and a monotonicity coefficient a, of the frequency difference for remote terminal is

calculated according a numerical implementation of Least Squares method according to
formulas:

n
n Zi=1 tk—n+iAfrk—n+i_Z?=1 tk—n+i'2?=1 Afri-n+i

a, = z
n 2 n
NI, thonei— (Tfeq thonsi)

where:
n — number of samples used in the calculation, given by user,
t, — k-time instant,

i — number of iteration in formula.

3. The method according to claim 1-2, characterized in that a difference of frequency

differences Af in local and remote terminal is calculated in the following way:
Af = Afy — Af,
where:
Af — is difference of frequency differences in local and remote terminal,
Af, —is frequency difference at local terminal,

Af, — is frequency difference at remote terminal.

4. A device for implementing the method according to claims 1-3 of detecting out of step
presence in an electric power network comprising means for measuring electric data in
in both local and remote terminals and computer means for processing measured data in
the form of a protection relay (2), where means for ~ calculation a frequency of current f;;
and a frequency of voltage fy; at the local terminal and a frequency of current f;,- and

a frequency of voltage fy, at the remote terminal , and means for calculating a value of
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difference of frequency differences Af between local and between remote terminals are
embedded, characterized in that it further comprises the following means embedded in
the functional modules of the protection system (21) of the protection relay (2),

- means for calculating an absolute value of frequency difference abs(Af;) in local

terminal,

- means for calculating monotonicity coefficients of the frequency difference aq; for local

terminal and a, for remote terminal,

- means for calculating signum functions sgn(Af;) for local terminal and sgn(Af;) for

remote terminal,

- means for calculating an absolute value of difference of frequency differences abs(Af)

in local and remote terminal, and where:

- means for setting and checking the criteria Crit1, Crit2, Crit3, Crit4 are embedded in
an out of step detection module (28) and in a setting module (29) of the protection system
(21),

- means for calculating a logic product of the all criteria Crit1, Crit2, Crit3, Crit4 are
embedded in an out of step detection module (28),

- means for activation of remedial action and/or alarming the user by signal (30) when
the result of the logic product is “1” are embedded in the out of step detection module
(28).

5. A device according to claim 4, characterized in that the input of the out of step
detection module (28) is connected with the setting module (29) and with a frequency

differences calculating module (27).

6. A device according to claim 4, characterized in that the protection relay (2) has a form

of Intelligent Electronic Device IED.

7. A device according to claim 4-6, characterized in that the local and remote terminals

are electrically connected by a communications link (4) through protective relays (2).

8. A computer program product comprising computer code which when executed in a

computing device caries out of the steps of a method according to the claims 1-3.
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