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Chapter 1 Introduction

About this chapter
This chapter introduces you to the manual as such.
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1.1

Introduction to the application manual

About the complete set of manuals for a terminal

The complete package of manuals to aterminal is named users manual (UM). The Us-
ers manual consists of four different manuals:

—]
Application Technical Installation and Operator’s
manual reference commissioning manual

manual manual

en01000044.vsd

The Application Manual (AM) contains descriptions, such as application and func-
tionality descriptions as well as setting cal cul ation examples sorted per function. The
application manual should be used when designing and engineering the protection ter-
minal to find out when and for what a typical protection function could be used. The
manual should also be used when calculating settings and creating configurations.

The Technical Reference Manual (TRM) contains technical descriptions, such as
function blocks, logic diagrams, input and output signals, setting parameter tables and
technical data sorted per function. The technical reference manual should be used as a
technical reference during the engineering phase, installation and commissioning phase
and during the normal service phase.

The Operator’s Manual (OM) containsinstructions on how to operate the protection
terminal during normal service (after commissioning and before periodic maintenance
tests). The operator’s manual could be used to find out how to handle disturbances or
how to view calculated and measured network datain order to determine the reason of
afault.

The Installation and Commissioning Manual (ICM) containsinstructionson how to
install and commission the protection terminal. The manual can also be used as arefer-
enceif aperiodic test is performed. The manual covers procedures for mechanical and
electrical installation, energising and checking of external circuitry, setting and config-
uration aswell as verifying settings and performing a directionality test. The chapters
and sections are organized in the chronological order (indicated by chapter/section
numbers) the protection terminal should be installed and commissioned.
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1.2

1.2.1

1.2.2

1.3

1.4

Intended audience

General

The application manual is addressing the system engineer/technical responsiblewhois
responsible for specifying the application of the terminal.

Requirements

The system engineer/technical responsible must have a good knowledge about protec-
tion systems, protection equipment, protection functions and the configured functional
logicsin the protection.

Related documents

Documents related to REL 531*2.3 Identity number

Operator’'s manual 1MRK 506 072-UEN
Installation and commissioning manual 1MRK 506 074-UEN
Technical reference manual 1MRK 506 073-UEN
Application manual 1MRK 506 107-UEN
Technical overview brochure 1MRK 506 071-BEN

Revision notes

Revision Description

First revision
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Chapter 2 General

About this chapter
This chapter describes the terminal in general.
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Features

* Open terminal with extensive configuration possibilities and expandable hardware
design to meet specific user requirements

« Full scheme phase-to-phase and phase-to-earth distance protection with threeto five
zones

» Two high-speed zones

« Suitable for series compensated networks

» Phase segregated scheme communication logic
» Additional protection function library available

« Extensive disturbance report with:
- 10 most recent disturbances recorded
- 40 seconds disturbance recorder

¢ Widerange of control functionality available

» 18 LEDsfor extended indication capabilities

e Versatilelocal human-machine interface (HMI)

¢ Simultaneous dual protocol serial communication facilities
» Extensive self-supervision with internal event recorder

¢ Time synchronization with 1 ms resolution

» Four independent groups of compl ete setting parameters

» Powerful software *tool-box’ for monitoring, evaluation and user configuration
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Application

The main purpose of the REL 531 terminal is the protection, control and monitoring of
overhead lines and cables in solidly earthed networks with high requirements for fast
operating times (less than one cycle). The REL 531 terminal is suitable for the protec-
tion of long heavily loaded lines and multi-circuit lines, and where the requirement for
tripping is one-, two-, and/or three-pole. It is also specially suitable for series compen-
sated networks. Theterminal may also be used to provide back-up protection for power
transformers, busbars, etc.
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Design

Typetested software and hardware that comply with international standardsand ABB’s
internal design rules together with extensive self monitoring functionality, ensure high
reliability of the complete terminal.

Theterminal’s closed and partly welded steel case makesit possible to fulfill the strin-
gent EMC requirements.

All serial data communication isviaoptical connections to ensure immunity against
disturbances.

An extensive library of protection, control and monitoring functionsis available. This
library of functions, together with the flexible hardware design, alows thisterminal to
be configured to each user’s own specific requirements. Thiswide application flexibil-
ity makes this product an excellent choice for both new installations and the refurbish-
ment of existing installations.
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4.0.1

4.0.2

4.0.3

Requirements

General

The operation of a protection measuring function is influenced by distortion and mea-
sures need to be taken in the protection to handle this phenomenon. One source of dis-
tortion is current transformer saturation. In this protection terminal, measures are taken
to allow for acertain amount of CT saturation with maintained correct operation. This
protection terminal can allow relatively heavy current transformer saturation.

Protection functions are also affected by transients caused by capacitive voltage trans-
formers (CVTs) but asthis protection terminal has a very effective filter for these tran-
sients, the operation is hardly affected at all.

Voltage transformers
Magnetic or capacitive voltage transformers can be used.

Capacitive voltage transformers (CVTs) should fulfil the requirements according to
IEC 186A, Section 20, regarding transients. According to the standard, at a primary
voltage drop down to zero, the secondary voltage should drop to less than 10% of the
peak pre-fault value before the short circuit within one cycle.

The protection terminal has an effectivefilter for thistransient, which gives secure and
correct operation with CVTs.

Current transformers

Classification

The performance of the REx 5xx terminal depends on the conditions and the quality of
the current signalsfed to it. Theterminal REx 5xx has been designed to permit rel ative-
ly heavy current transformer saturation with maintained correct operation. To guarantee
correct operation, the CTs must be able to correctly reproduce the current for a mini-
mum time before the CT will begin to saturate. To fulfil the requirement on a specified
time to saturation the CTs must fulfil the requirements of a minimum secondary e.m.f.
that is specified below.

There are several different waysto specify CTs. Conventional magnetic core CTs are
usually specified and manufactured according to some international or national stan-
dards, which specify different protection classes aswell. However, generally there are
three different types of current transformers:

* high remanencetype CT
* low remanencetype CT
* non remanence type CT
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The high remanence type hasno limit for the remanence flux. ThisCT hasamagnetic
core without any airgap and aremanence flux might remain for almost infinite time. In
thistype of transformersthe remanence flux can be up to 70-80% of the saturation flux.
Typical examples of high remanencetype CT areclass P, TPS, TPX accordingto |EC,
class P, X according to BS (British Standard) and nongapped class C, K according to
ANSI/IEEE.

The low remanence type hasaspecified limit for theremanenceflux. ThisCT ismade
with asmall airgap to reduce the remanence flux to alevel that does not exceed 10% of
the saturation flux. The small airgap has only very limited influence on the other prop-
erties of the CT. Class TPY according to IEC isalow remanence type CT.

The non remanence type CT has practically negligible level of remanence flux. This
typeof CT hasrelatively big airgapsin order to reduce the remanenceflux to practically
zerolevel. At the sametime, these airgaps minimizetheinfluence of the DC-component
from the primary fault current. The airgaps will also reduce the measuring accuracy in
the non-saturated region of operation. Class TPZ according to |EC is anon remanence
type CT.

The rated equivalent limiting secondary e.m.f. E, according to the IEC 60044-6 stan-
dard is used to specify the CT requirements for REx 5xx. The requirements are also
specified according to other standards.

Conditions

Therequirementsarearesult of investigations performed in our network simulator. The
tests have been carried out with an analog current transformer model with a settable
core areg, core length, air gap and number of primary and secondary turns. The setting
of the current transformer model was representative for current transformers of high re-
manence and low remanencetype. Theresultsarenot valid for non remanencetype CTs
(TPZ).

The performance of the distance protection was checked at both symmetrical and fully
asymmetrical fault currents. A source with atime constant of about 120 mswas used at
the tests. The current requirements below are thus applicable both for symmetrical and
asymmetrical fault currents.

Phase-to-earth, phase-to-phase and three-phase faults were tested in fault locations
backward, close up forward and at the zone 1 reach. The protection was checked with
regard to directionality, dependable tripping, and overreach.
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The remanencein the current transformer core has been considered for critical fault cas-
es, for example fault in reverse direction. The requirements below are therefore fully
valid for al normal applications. It is difficult to give general recommendations for ad-
ditional margins for remanence. They depend on the performance and economy re-
quirements.

When current transformers of low remanence type (TPY) are used, practically no addi-
tional margin is needed.

For current transformers of high remanence type (e.g. TPX), the small probability of a
fully asymmetrical fault, together with maximum remanence in the same direction as
the flux generated by the fault, has to be kept in mind at the decision of an additional
margin. Fully asymmetrical fault current will be achieved when the fault occurs at zero
voltage (0°). Investigations have proved that 95% of the faultsin the network will occur
when the voltage is between 40° and 90°.

Fault current

The current transformer regquirements are based on the maximum fault current for faults
in different positions. Maximum fault current will occur for three-phase faults or single-
phase-to-earth faults. The current for a single phase-to-earth fault will exceed the cur-

rent for a three-phase fault when the zero sequence impedancein the total fault loop is
less than the positive sequence impedance.

When calculating the current transformer requirements, maximum fault current should
be used and therefore both fault types have to be considered.

Cable resistance and additional load

The current transformer saturation is directly affected by the voltage at the current
transformer secondary terminals. Thisvoltage, for an earth fault, isdeveloped in aloop
containing the phase and neutral conductor, and relay load. For three-phase faults, the
neutral current is zero, and only the phase conductor and relay phase load have to be
considered.

In the calculation, the loop resistance should be used for phase-to-earth faults and the
phase resistance for three-phase faults.

Current transformer requirements for CTs according to the IEC 60044-6 standard

The current transformer ratio should be selected so that the current to the protection is
higher than the minimum operating value for al faultsthat are to be detected. The min-
imum operating current is 10-30% of the nominal current.

All current transformers of high remanence and low remanence type that fulfil the re-

quirements on the rated equival ent secondary e.m.f. E, below can be used. The current
transformers should have an accuracy class comparable to 5P or better. The character-

11
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istic of the non remanence type CT (TPZ) is not well defined as far as the phase angle
error is concerned, and we therefore recommend contacting ABB Automation Products
AB to confirm that the type in question can be used.

The current transformers must have arated equivalent secondary em.f. E that islarger
than the maximum of the required secondary e.m.f. Eeq below:

a

lkmax Usn 0.257
EaI>EaIreq = | EBEHQCT*'RL"' 2 [
pn I"r
(Equation 1)
| O
_ 'kzonel —sn 0.25¢
Ea> Ealreq T [k EHQCT +R + 2 ¢
pn I"r
(Equation 2)
where

lmax Maximum primary fundamental frequency current for close-in forward and reverse

faults (A)

lkzoner Maximum primary fundamental frequency current for faults at the end of zone 1
reach (A)

lpn The rated primary CT current (A)

lsn The rated secondary CT current (A)

IR The protection terminal rated current (A)

Rer The secondary resistance of the CT (Q)
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R, The resistance of the secondary cable and additional load (Q). The loop resistance
should be used for phase-to-earth faults and the phase resistance for three-phase
faults.
a This factor is a function of the network frequency and the primary time constant for
the dc component in the fault current.
a = 2 for the primary time constant T, < 50 ms, 50 and 60 Hz
a = 3 for the primary time constant T, > 50 ms, 50 Hz
a =4 for the primary time constant T, > 50 ms, 60 Hz
k A factor of the network frequency and the primary time constant for the dc compo-

nent in the fault current for a three-phase fault at the set reach of zone 1. The time
constant is normally less than 50 ms.

k = 4 for the primary time constant T, < 30 ms, 50 and 60 Hz
k = 6 for the primary time constant T, > 30 ms, 50 Hz

k =7 for the primary time constant T, > 30 ms, 60 Hz

Current transformer requirements for CTs according to other standards

All kinds of conventional magnetic core CTs are possible to be used with REx 5xx ter-
minalsif they fulfil the requirements that correspond to the above specified according
to the IEC 60044-6 standard. From the different standards and available data for relay-
ing applicationsit is possible to approximately calculate a secondary e.m.f. of the CT.
It is then possible to compare this to the required secondary e.m.f. E4eq and judge if
the CT fulfilsthe requirements. The requirements according to some other standardsare
specified below.

Current transformer according to IEC 60044-1

A CT according to |EC 60044-1isspecified by the secondary limiting e.m.f. Eopax. The
value of the Epna IS approximately equal to E, according to |EC 60044-6.

Eal = E2max
(Equation 3)

The current transformers must have a secondary limiting em.f. E, o that fulfillsthe
following:

>maximum of E

E2max alreq

(Equation 4)

13
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Current transformer according to British Standard (BS)

A CT according to BSis often specified by the rated knee-point em.f. Eyeeps. Theval-
ue of the Eyeeps IS lower than E, according to IEC 60044-6. It is not possible to give
ageneral relation between the Ey g and the E; but normally the Ey e 515 8010 85%
of the E, value. Therefore, therated equivalent limiting secondary e.m.f. EyggforaCT
specified according to BS can be estimated to:

EaIBS =12 [EkneeBS
(Equation 5)

The current transformers must have a rated knee-point em.f. E,eegs that fulfills the
following:

1.2 [E eegs = Maximum of Ealreq

(Equation 6)

Current transformer according to ANSI/IEEE

A CT according to ANSI/IEEE is specified in alittle different way. For exampleaCT
of class C has a specified secondary terminal voltage U, ng - Thereis afew standard-
ized value of Up g (€.9. for aC400 the Up g 15400 V). Therated equivalent limiting
secondary em.f. Egang for aCT specified according to ANSI/IEEE can be estimated
asfollows:

Eaans = |20 Ogy CRer + Upng| = |20 Ogy CRep + 20 O, Wpans
(Equation 7)

where

Zyans) The impedance (i.e. complex quantity) of the standard ANSI burden for the specific C
class (Q)

Uanst  The secondary terminal voltage for the specific C class (V)

The CT requirements are fulfilled if:

E >maximum of E

alANSI alreq

(Equation 8)
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Often an ANSI/IEEE CT also has a specified knee-point voltage Uyneeang - ThiSiS
graphically defined from the excitation curve. The knee-point according to ANSI/IEEE
has normally alower value than the knee-point according to BS. The rated equivalent
limiting secondary e.m.f. Egang for aCT specified according to ANSI/IEEE can be
estimated to:

Eaansi = 1.3 Wypeeansi
(Equation 9)

The current transformers must have aknee-point voltage Uyneeang thet fulfillsthe fol-
lowing:

1.3 Wypeeans >maximum of E ;g

15
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Terminal identification

Application

Serial number, software version and the identification names and numbers for the sta-
tion, the object and the terminal (unit) itself can be stored in the REx 5xx terminal. Also
the ordering numbers of included modules are stored in the terminal. Thisinformation
can be read on the local HMI or when communicating with the terminal through a PC
or with SMS/SCS.

Thebase currents, voltages and rated frequency must be set sincethe values affect many
functions. Theinput transformersratio must be set aswell. Theratio for the current and
the voltage transformer automatically affects the measuring functionsin the terminal.

Theinternal clock is used for time tagging of:

e Interna events

e Disturbance reports

« Eventsin adisturbance report

* Eventstransmitted to the SCS substation control system

Thisimplies that the internal clock is very important. The clock can be synchronized
(see Time synchronization) to achieve higher accuracy of the time tagging. Without
synchronization, the internal clock is useful for comparisons among events within the
REx 5xx terminal.

Calculations

Uxr and Ixr (x = 1-5) are the rated voltage and current values for the anal og input trans-
formers within the REx 5xx terminal. UxScale and IxScale are the actual ratio for the
main protection transformer at the protected object. These values will be used to calcu-
late the present voltage and current in the protected object. Uxb and Ixb defines base
voltage and current values, used to define the per-unit system used in the terminal for
calculation of setting values.

The current transformer secondary setting current (Isgec) is:
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_ ISEC
ISgec = T~ Os
PRIM
(Equation 10)
where:
Isec = secondary rated current of the main CT

lprim = primary rated current of the main CT

Is = primary setting value of the current

Therelay setting value |P>> is given in percentage of the secondary base current value,
Ixb, associated to the current transformer input Ix:

(Equation 11)

The vaue of Ixb can be calculated as:

_ Rated primary current
Ixb = .
CT ratio

(Equation 12)

The voltage transformer secondary setting voltage (Ussgc) is:

(Equation 13)

where:
Usgc  secondary rated voltage of the main VT
Uprimv  Primary rated voltage of the main VT

Us primary setting value of the voltage

17
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Therelay setting value UPE< isgiven in percentage of the base voltage value, Uxb, as-
sociated to the voltage transformer input Ux:

Us
UPE< = —3EC 1100
Uxb

(Equation 14)

The value of Uxb can be calculated as;

_ Rated primary voltage

Uxb VT ratio
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Chapter 3 Common functions

About this chapter
This chapter presents the common functionsin the terminal.
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Time synchronisation (TIME)

Application

Use time synchronisation to achieve a common time base for the terminalsin a protec-
tion and control system. This makes comparision of events and disturbance data be-
tween all terminalsin the system possible.

Time-tagging of internal events and disturbancesis an excellent help when evaluating
faults. Without time synchronisation, only the events within the terminal can be com-
pared to one another. With time synchronisation, events and disturbances within the en-
tire station, and even between line ends, can be compared during an evaluation.

Functionality

Two main alternatives of external time synchronization are available. Either the syn-
chronization message is applied via any of the communication ports of the terminal as
atelegram message including date and time, or as a minute pul se, connected to abinary
input. The minute pulse is used to fine tune already existing timein the terminals.

The REx 5xx terminal has its own internal clock with date, hour, minute, second and
millisecond. It has a resolution of 1 ms.

The clock has abuilt-in calendar that handles |eap years through 2098. Any change be-
tween summer and winter time must be handled manually or through external time syn-
chronization. The clock is powered by a capacitor, to bridge interruptions in power
supply without malfunction.

Theinternal clock is used for time-tagging disturbances, events in Substation monitor-
ing system (SMS) and Substation control system (SCS), and internal events.

Calculations

Thetimeis set with year, month, day and time. Refer to the Installation and commis-
sioning manual for information on the setting procedure.

When the source of time synchronization is selected on thelocal HMI, the parameter is
called TimeSyncSource. The time synchronisation source can also be set from the CAP
tool. The setting parameter isthen called SY NCSCR. The setting aternatives are:

* None (no synchronisation)
« LON
« SPA
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« |EC
* Minute pulse positive flank
* Minute pulse negative flank

The function input to be used for minute-pulse synchronisation is called TIME-MIN-
SYNC.

Theinternal time can be set manually down to the minutelevel, either viathelocal HMI
or viaany of the communication ports. The time synchronisation fine tunes the clock
(seconds and milliseconds). If no clock synchronisation is active, the time can be set
down to milliseconds.

21
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Setting group selector (GRP)

Application

Different conditionsin networks of different voltage levels require high adaptability of
the used protection and control unitsto best provide for dependability, security and se-
lectivity requirements. Protection units operate with higher degree of availability, espe-
cidly, if the setting values of their parameters are continuously optimised regarding the
conditionsin power system.

The operational departments can plan different operating conditions for the primary
equipment. The protection engineer can prepare in advance for the necessary optimised
and pre-tested settings for different protection functions. Four different groups of set-
ting parameters are available in the REx 5xx terminals. Any of them can be activated
automatically through up to four different programmable binary inputs by means of ex-
ternal control signals.

Functionality

Select a setting group by using thelocal HMI, from afront connected personal comput-
er, remotely from the station control or station monitoring system or by activating the
corresponding input to the GRP function block.

Each input of the function block is configurable to any of the binary inputsin the ter-
minal. Configuration must be performed by using the CAP configuration tool.

Use external control signalsto activate a suitable setting group when adaptive function-
ality is necessary. Input signals that should activate setting groups must be either per-
manent or a pulse longer than 200 ms.

More than oneinput may be activated simultaneously. In such casesthe lower order set-
ting group has priority. This means that if for example both group four and group two
are set to activate, group two will be the one activated.
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Design

The GRP function block has four functional inputs, each corresponding to one of the
setting groups stored within the terminal. Activation of any of these inputs changesthe
active setting group. Four functional output signals are available for configuration pur-
poses, so that continuous information on active setting group is available.
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Setting lockout (HMI)

Application

Unpermitted or uncoordinated changes by unauthorized personnel may cause severe
damage to primary and secondary power circuits. Use the setting lockout function to
prevent unauthorized setting changes and to control when setting changes are allowed.

By adding a key switch connected to a binary input a simple setting change control cir-
cuit can be built simply allowing only authorized keyholders to make setting changes.
Security can be increased by adding SA/SM S overrides that prevents changes even by
keyholders.

Functionality

Activating the setting restriction prevents unauthorized personell to purposely or by
mistake change terminal settings.

The HMI--BLOCKSET functional input is configurable only to one of the available bi-
nary inputs of a REx 5xx terminal. For this reason, the terminal is delivered with the
default configuration, where the HMI--BLOCKSET signal is connected to NONE-
NOSIGNAL.

The function permits remote changes of settings and reconfiguration through the serial
communication ports. The setting restrictions can be activated only from the local HMI.

All other functions of the local human-machine communication remain intact. This
means that an operator can read all disturbance reports and other information and set-
ting values for different protection parameters and the configuration of different logic
circuits.
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Figure 1:  Connection and logic diagram for the BLOCKSET function
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I/0 system configurator (IOP)

Application

The 1/O system configurator must be used in order to recognize included modules and
to create internal adress mappings between modules and protections and other func-
tions.

Functionality

The 1/O system configurator is used to add, remove or move 1/O modules in the REx
5xx terminals. To configure means to connect the function blocks that represent each I/
O module (BIM, BOM, IOM,IOPSM, DCM and MIM) to afunction block for the I/O
positions (I0P1) that represent the physical dot in the rack.

Available 1/0 modules are;

e BIM, Binary Input Module with 16 binary input channels.

* BOM, Binary Output Module with 24 binary output channels.

e 10OM, Input/Output Module with 8 binary input and 12 binary output channels.
«  MIM, mA Input Module with six analog input channels.

e 10OPSM, Input Output Power Supply Module with four inputs and four outputs.

e DCM, DataCommunication Module. The only software configuration for this mod-
uleisthe I/O Position inpuit.

An REXx 5xx terminal houses different numbers of modules depending of the casing size
andwhich kind of modules chosen.

* The V1 of 19-inch size casing houses a maximum of 13 modules. But when Input/
Output- or Output modules are included, the maximum of these modules are six .
The maximum number of mA Input modules are aso limited to six.

* The 3/4-size casing houses a maximum of eight modules. The limitation is four
modules for Input/Output- or Output modules. The maximum number of mA Input
modules are three.

* The 1/2-size casing houses a maximum of three binary modules or one anal ogue
mA Input module.

Itis possible to fit modules of different typesin any combination in aterminal, but the
total maximum numbers of modules must be considered.

Each 1/0-module can be placed in any CAN-I/O dot in the casing with one exception.
The DCM-module has afixed slot position that depends on the size of the casing.
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To add, remove or move modules in the terminal, the reconfiguration of the terminal
must be done from the graphical configuration CAP tool.

Usersrefer to the CAN-1/O dots by the physical slot numbers, which also appear in the
terminal drawings.

If the user-entered configuration does not match the actual configuration in the termi-
nal, an error output is activated on the function block, which can be treated as an event
or alarm.

I/0 position

The IOP1 (1/0 position) function block is the same for the different casings, indepen-
dent of the number of slots available. Anyway, it looks different depending of actual
configuration. All necessary configuration is done in the configuration CAP tool.

The Snn outputs are connected to the POSITION inputs of the I/O Modules and MIMs.

10P1-
I/OPOSITION
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S32
S33
S34
S35
S36
S37
S39

xx00000238.vsd

Figure 2:  Function block of the 1/O position block (IOP1-).

Configuration

The 1/O-configuration can only be performed from CAP tool, the graphical configura-
tion tool.

27
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To configure from the graphical tool:

» Firgt, set the function selector for the logical 1/O module to the type of 1/0 module

that isused, BIM, BOM, IOM, MIM, IOPSM or DCM.

»  Secondly, connect the POSITION input of the logical I/0 module to aslot output
of the IOP function block.

I0P1-

1001-

1/OPOSITION 1/0-MODULE
s11 POSITION ERROR
S13— BI1
S15/—
s17|
S19— .
BI16
1002-
1/0-MODULE
POSITION ERROR
BI1
BI16
en01000142.vsd
Figure 3:

Example of an I/O-configuration in the graphical CAP tool for a REx 5xx

with two BIMs.
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Logic function blocks

Application

Application

Different protection, control, and monitoring functions within the REx 5xx terminals
are quiteindependent asfar astheir configuration in theterminal isconcerned. The user
cannot enter and change the basic agorithms for different functions, because they are
located in the digital signal processors and extensively type tested. The user can config-
ure different functionsin the terminals to suit special requirements for different appli-
cations.

For this purpose, additional logic circuits are needed to configure the terminalsto meet
user needs and aso to build in some special logic circuits, which use different logic
gates and timers.

Logical function blocks are executed according to their execution serial numbers. To
get an optimal solution select their execution serial numbers in consegutive sequence.

Functionality

Inverter (INV)

The INV function block is used to invert the input boolean variable. The function block
(figure 4) has one input designated 1Vnn-INPUT where nn presents the serial number
of the block. Each INV circuit has one output IV nn-OUT.

99000021.vsd

Figure 4:  Function block diagram of the inverter (INV) function
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Table 1: Truth table for the INV function block

INPUT | OUT
1 0
0 1

Controllable gate (GT)

The GT function block isused for controlling if asignal should be able to pass or not
depending on a setting. The function block (figure 5) has one input, designated GTnn-
INPUT, where nn presents the serial number of the block. Each GT circuit has one out-
put, GTnn-OUT. Each gate further has a Operation On/Off which controlsif the INPUT
is passed to the OUT or not.

Gt . __

| o

i INPUT " ouT !

. |

. o
xx00000530.vsd

Figure 5:  Function block diagram of the controllable gate (GT) function

The output signal from the GT function block isset to 1 if theinput signal is 1 and Op-
eration = On elsewhereit is set to 0. See truth table below.

Table 2: Truth table for the GT function block

INPUT Operation ouT
0 Off 0
1 Off 0
0 On 0
1 On 1
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OR

OR function blocks are used to form general combinatory expressions with boolean

variables. The function block (figure 6) has six inputs, designated Onnn-INPUTm,
where nnn presents the serial number of the block, and m presentsthe serial number of
the inputsin the block. Each OR circuit hastwo outputs, Onnn-OUT and Onnn-NOUT

(inverted).

hNPUTl

INPUT2
|—21

1INPUT3
INPUT4
LINPUTS

INPUT6
—_—

Figure 6:  Function block diagram of the OR function

xx00000514.vsd

The output signal (OUT) issetto 1if any of theinputs (INPUT1-6) is1. Seetruth table

below.
Table 3: Truth table for the OR function block
INPUT1 | INPUT2 INPUT3 | INPUT4 | INPUTS5 INPUT6 | OUT NOUT
0 0 0 0 0 0 0 1
0 0 0 0 0 1 1 0
0 0 0 0 1 0 1 0
1 0
1 1 1 1 1 0 1 0
1 1 1 1 1 1 1 0
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AND

AND function blocks are used to form general combinatory expressions with boolean
variables. The function block (figure 7) has four inputs (one of them inverted), desig-
nated Annn-INPUTmM (Annn-INPUT4N isinverted), where nnn presents the serial
number of the block, and m presents the serial number of the inputsin the block. Each
AND circuit has two outputs, Annn-OUT and Annn-NOUT (inverted).

Annn

.
[}

IINPUT1 |

INPUT2 & OouT!

[INPUT3 |
INPUT4 | NOUT,

xx00000515.vsd

Figure 7:  Function block diagram of the AND function

The output signal (OUT) issetto 1if theinputs INPUT1-3 are 1 and INPUT4N isO.
See truth table below.

Table 4: Truth table for the OR function block

INPUT1 INPUT2 INPUT3 INPUT4N ouT NOUT
0 0 0 1 0 1
0 0 1 1 0 1
0 1 0 1 0 1
0 1 1 1 0 1
1 0 0 1 0 1
1 0 1 1 0 1
1 1 0 1 0 1
1 1 1 1 0 1
0 0 0 0 0 1
0 0 1 0 0 1
0 1 0 0 0 1
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INPUT1 INPUT2 INPUT3 INPUT4N ouT NOUT

0 1 1 0 0 1

1 0 0 0 0 1

1 0 1 0 0 1

1 1 0 0 0 1

1 1 1 0 1 0
Timer

The function block TM timer has outputs for delayed input signal at drop-out and at
pick-up. Thetimer (figure 8) has a settabletime delay TMnn-T between 0.00 and 60.00
sinstepsof 0.01 s. Theinput signal for each time delay block has the designation
TMnn-INPUT, where nn presents the serial number of the logic block. The output sig-
nals of each time delay block are TMnn-ON and TMnn-OFF. The first one belongs to
the timer delayed on pick-up and the second one to the timer delayed on drop-out. Both
timers within one block always have the same setting.

TMnn
- .
INPUT OFF
| |
i E ON i
[}

T

xx00000523.vsd

Figure 8:  Function block diagram of the Timer function
The function block TL timer (figure 9) with extended maximum time delay at pick-up

and at drop-out, isidentical with the TM timer. The difference isthe longer time delay
TLnn-T, settable between 0.0 and 90000.0 sin stepsof 0.1 s.
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TLnn

|' T T T T T T
INPUT  —— OFF|
| AL i
[}

| |
' - ON|
| A i
LT Time delay 0.0-90000.0s |

xx00000526.vsd

Figure 9:  Function block diagram of the TimerLong function

Theinput variable to INPUT is obtained delayed a settabletime T at output OFF when
theinput variable changesfrom 1 to 0 in accordance with the time pul se diagram, figure
10. Theoutput OFF signal isset to 1 immediately when theinput variable changesfrom
Oto 1

INPUT | | |

OFF (1)

xx00000528.vsd

Figure 10: Example of time diagram for a timer delayed on drop-out with preset time
T=3s
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Theinput variable to INPUT is obtained delayed a settable time T at output ON when
theinput variable changesfrom Oto 1 in accordance with thetime pulse diagram, figure
11. The output ON signal returnsimmediately when the input variable changes from 1
to 0.

T=3s

INPUT || .
ON (1)

A
Y

xx00000529.vsd

Figure 11: Example of time diagram for a timer delayed on pick-up with preset time
T=3s

If moretimersthan availablein theterminal are needed, it is possible to use pulsetimers
with AND or OR logics. Figure 12 shows an application example of how to realize a
timer delayed on pick-up. Figure 13 shows the realization of atimer delayed on drop-
out. Note that the resolution of the set time must be 0.2 s, if the connected logic has a
cycle time of 200 ms.

AND

INPUT1 OouUT ——

FIXED-ON INPUT2 NOUT
Pulse L ineuTs

INPUT ouT INPUT4AN
T NOUT

0.00-60.00s

xx00000533.vsd

Figure 12: Realization example of a timer delayed on pick-up

35



Logic function blocks

Chapter 3

Common functions

36

INV
INPUT ouT

0.00-60.00s

FIXED-OFF —E
Pulse

INPUT ouT

OR

INPUT1
INPUT2
INPUT3
INPUT4
INPUTS
INPUT6

ouUT ——
NOUT

T
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Figure 13: Realization example of a timer delayed on drop-out

Timer settable through HMI/SMS/PST

The function block TS timer has outputs for delayed input signal at drop-out and at
pick-up. Thetimer (figure 14) hasasettabletime delay TSnn-T between 0.00 and 60.00
sinstepsof 0.01 s. It also has an Operation setting On, Off which controlsthe operation
of the timer.The input signal for each time delay block has the designation TSnn-IN-
PUT, where nn presents the serial number of thelogic block. The output signals of each
time delay block are TSnn-ON and TSnn-OFF. The first one belongs to the timer de-
layed on pick-up and the second oneto the timer delayed on drop-out. Both timerswith-
in one block always have the same setting.

Iswm __ _
|_lNF’UT i
[}
| —  OFF
! Operation = On I— & hLE |
! —  ON
| A
[}

xx00000531.vsd

Figure 14: Function block diagram of the Settable timer function
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For details about the function see the description of TM Timer.

Pulse

The pulse function can be used, for example, for pulse extensions or limiting of opera-
tion of outputs. The pulsetimer TP (figure 15) has a settable length of a pulse between
0.00 sand 60.00 sin steps of 0.01 s. The input signal for each pulse timer has the des-
ignation TPnn-INPUT, where nn presents the serial number of the logic block. Each
pulse timer has one output, designated by TPnn-OUT. The pulse timer is not retrigga-
ble, that is, it can be restarted first after that the time T has elapsed.

1 S
HUNPUT OUT:
| 7] |
]

xx00000524.vsd

Figure 15: Function block diagram of the Pulse function

The function block TQ pulse timer (figure 16) with extended maximum pulse length, is
identical with the TP pulsetimer. The differenceisthelonger pulselength TQnn-T, set-
table between 0.0 and 90000.0 sin steps of 0.1 s.

n
HUNPUT  — OUT:
| 7] |
‘T

xx00000525.vsd

Figure 16: Function block diagram of the PulseLong function, TQ
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A memory is set when the input INPUT is set to 1. The output OUT then goesto 1.

When thetime set T has elapsed, the memory is cleared and the output OUT goesto 0.
If anew pulseis obtained at the input INPUT before thetime set T has elapsed, it does
not affect the timer. Only when the time set has elapsed and the output OUT isset to 0,
the pulsefunction can berestarted by theinput INPUT going from 0to 1. Seetime pulse

diagram, figure 17.
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Figure 17: Example of time diagram for the pulse function with preset pulse length T
=35

Exclusive OR (XOR)

The function block exclusive OR (XOR) is used to generate combinatory expressions
with boolean variables. XOR (figure 18) has two inputs, designated XOnn-INPUTm,
where nn presents the serial number of the block, and m presents the serial number of
the inputs in the block. Each XOR circuit has two outputs, XOnn-OUT and XOnn-
NOUT (inverted). The output signal (OUT) is1if theinput signals are different and O
if they are equal.
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Figure 18: Function block diagram of the XOR function

The output signal (OUT) issetto 1if theinput signals are different and to O if they are
equal. Seetruth table below.

Table 5: Truth table for the XOR function block

INPUT1 | INPUT2 | OUT NOUT
0 0 0 1
0 1 1 0
1 0 1 0
1 1 0 1

Set-Reset (SR)

The function block Set-Reset (SR) (figure 19) has two inputs, designated SRnn-SET
and SRnn-RESET, where nn presents the serial number of the block. Each SR circuit
has two outputs, SRnn-OUT and SRnn-NOUT (inverted). The output (OUT) issetto 1
if theinput (SET) isset to 1 and if the input (RESET) isO. If thereset input isset to 1,
the output is unconditionally reset to 0.
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Figure 19: Function block diagram of the Set-Reset function

Set-Reset with/without memory (SM)

The function block Set-Reset (SM) (figure 20) with/without memory has two inputs,
designated SMnn-SET and SMnn-RESET, where nn presents the serial number of the
block. Each SM circuit hastwo outputs, SMnn-OUT and SMnn-NOUT (inverted). The
output (OUT) issetto 1 if theinput (SET) isset to 1 and if the input (RESET) isO. If
the reset input is set to 1, the output is unconditionally reset to 0. The memory setting
controlsif theflip-flop after apower interruption will return to the state it had before or

if it will be reset.
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Figure 20: Function block diagram of the Set-Reset with/without memory function

MOVE

The MOVE function blocks, so called copy-blocks, are used for synchronization of
boolean signals sent between logics with dow execution time and logics with fast exe-
cution time.

There are two types of MOVE function blocks - MOF located First in the slow logic
and MOL located Last in the slow logic. The MOF function blocks are used for signals
coming into the slow logic and the MOL function blocks are used for signals going out
from the slow logic.

The REXx 5xx terminal contains 3 MOF function blocks of 16 signals each, and 3 MOL
function blocks of 16 signals each. This means that a maximum of 48 signals into and
48 signas out from the slow logic can be synchronized. The MOF and MOL function
blocksareonly atemporary storagefor the signalsand do not change any value between
input and output.

Each block of 16 signalsis protected from being interrupted by other logic application
tasks. This guarantees the consistency of the signals to each other within each MOVE
function block.

Synchronization of signals with MOF should be used when asignal which is produced

outside the slow logic is used in severa placesin the logic and there might be a mal-
function if the signal changes its value between these places.
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Synchronization with MOL should beused if asignal produced inthe slow logicisused
in several places outside thislogic, or if several signals produced in the low logic are
used together outside this logic, and there is asimilar need for synchronization.

Figure 21 shows an example of logic, which can result in mafunctions on the output
signal from the AND gate to the right in the figure.
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Figure 21: Example of logic, which can result in malfunctions

Figure 22 showsthe samelogic asin figure 21, but with the signals synchronized by the
MOV E function blocks M OFn and MOL n. With this solution the consistency of thesig-
nals can be guaranteed.
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Figure 22: Example of logic with synchronized signals

MOFn and MOL N, n=1-3, have 16 inputs and 16 outputs. Each INPUTm is copied to
the corresponding OUTPUTm, where m presents the serial number of theinput and the
output in the block. The MOFn are the first blocks and the MOL n are the last blocksin
the execution order in the slow logic.

Calculations
For the AND gates, OR gates, inverters, normal SR (Set-Reset) flip-flops, XOR gates
and MOV E elements no settings exist.

For the normal On/Off delay timers and pulse timers the time delays and pulse lengths
are set from the CAP configuration tool.

Both timersin the samelogic block (the one delayed on pick-up and the one delayed on
drop-out) always have a common setting value. Setting values of the pulse length are
independent of one another for all pulse circuits.

For the controllable gates, settable timers, SR flip-flops with/without memory the set-
ting parameters are accessi ble through the HMI and SMS.

Configuration
The configuration of the logics is performed from the CAP configuration tool.

Execution of functions as defined by the configurable logic blocks runsin afixed se-
guence in two different cycletimes, typical 6 msand 200 ms.
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For each cycle time, the function block is given an execution serial number. Thisis
shown when using the CAP configuration tool with the designation of the function
block and the cycle time, for example, TMnn-(1044, 6). TMnn isthe designation of the
function block, 1044 is the execution serial number and 6 isthe cycle time.

Execution of different function blocks within the same cycle follows the same order as
their execution serial numbers. Always remember thiswhen connecting in seriestwo or
more logical function blocks. When connecting function blocks with different cycle
times, the MOV E function blocks can be used. These function blocks synchronize bool-
ean signal s sent between logics with slow execution time and logics with fast execution
time. The MOV E functions are available as additional configurable logic circuits.

Note!

Always be careful when connecting function blocks with a fast cycle time to function
blocks with a slow cycle time.

So design the logic circuits carefully and check always the execution sequence for dif-
ferent functions. In other cases, additional time delays must be introduced into the logic
schemes to prevent errors, for example, race between functions.
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Self supervision (INT)

Application

The REXx 5xx protection and control terminals have acomplex design with many includ-
ed functions. Theincluded self-supervision function and the INTernal signalsfunction
block provide good supervision of the terminal. The different safety measures and fault
signals makes it easier to analyze and locate a fault.

Both hardware and software supervision isincluded and it is also possible to indicate
possible faults through a hardware contact on the PSM and/or through the software
communication.

Internal events are generated by the built-in supervisory functions. The supervisory
functions supervise the status of the various modulesin the terminal and, in case of fail-
ure, a corresponding event is generated. Similarly, when the failure is corrected, a cor-
responding event is generated.

Apart from the built-in supervision of the various modules, events are a so generated
when the status changes for the:

* built-in real time clock (in operation/out of order).
» external time synchronization (in operation/out of order).

Events are aso generated:

» whenever any setting in the terminal is changed.
» when the content of the Disturbance report is erased.

Theinternal events are time tagged with aresolution of 1 msand stored in alist. The
list can store up to 40 events. Thelist is based on the FIFO principle, that is, when it is
full, the oldest event is overwritten. Thelist cannot be cleared and its content cannot be
modified.

The list of internal events provides valuable information, which can be used during
commissioning and fault tracing.

Theinformation can only be retrieved with the aid of the SM'S. The PC can be connect-
ed either to the port at the front or at the rear of the terminal.
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Functionality

The self-supervision status can be monitored from thelocal HMI or viathe PST Param-
eter Setting Tool or a SMS/SCS system.

Under the Terminal Report menu in the local HMI the present information from the
self-supervision function can be viewed. A detailed list of supervision signals that can
be generated and displayed in the local HMI isfound in the Installation and Commis-
sioning Manual.

In the PST under Terminal Report these summary signals are available;

¢ |nternalStatus
« CPU-Status

When an internal fault has occurred, extensive information about the fault from the list
of internal events can be retrieved from the PST under the menu Terminal Report - In-
ternal Events.

A self-supervision summary can be obtained by means of the potential free alarm con-
tact located on the power supply module. The function of this output relay is an OR-
function between the INT--FAIL signal (figure 25) and a couple of more severe faults
that can happen in the terminal (figure 24).

Some signals are available from the function block InternSignals (INT), see figure 23.
The signas from this function block can be connected to an Event function block,
which generates and sends these signals as events to the station level of the control sys-
tem. The signas from the INT-function block can also be connected to binary outputs
for signalization viaoutput relays or they can be used as conditions for other functions
if required/desired.

INT--

INTERNSIGNALS
FAIL
WARNING
CPUFAIL]|
CPUWARN
ADC|
SETCHGD

xx00000169.vsd

Figure 23: Function block INTernal signals.

Individual error signals from 1/0O modules and time synchronization can be obtained
from respective function block of IOM-, BIM-, BOM-, MIM-, IOPSM-modules and
from the time synchronization block TIME.
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Figure 24: Hardware self-supervision, potential-free alarm contact.
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Figure 25: Software self-supervision, function block INTernal signals.
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Blocking of functions during test

Functionality

This blocking function is only active during operation in the test mode, see examplein
figure 26. When exiting the test mode, entering normal mode, this blocking is disabled
and everything is set to normal operation. All testing will be done with actually set and
configured values within the terminal. No settings etc. will be changed. Thus no mis-
takes are possible.

The blocked functions will still be blocked next time entering the test mode, if the
blockings were not reset.

The blocking of a function concerns all output signals from the actual function, so no
outputs will be activated.

Each of theterminal related functionsis described in detail in the documentation for the

actual unit. The description of each function follows the same structure (where appli-
cable).
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Figure 26: Example of blocking the Time delayed Under-Voltage function.
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Chapter 4 Line impedance

About this chapter
This chapter describes the line impedance functions in the terminal.
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Distance protection

Application

General

The distance protection function is the most widely spread protection function in trans-
mission and subtransmission networks. It is aso becoming increasingly important in
distribution networks. The main reasons for this are:

» Itsindependence on communication links between the line ends, because for its op-
eration, it uses information about the locally available currents and voltages.

» Thedistance protection forms arelatively selective protection system (non-unit
protection system) in the power network. This means that it can also operate as a
remote back-up protection for other primary elementsin the network.

The basic requirements for modern line protection, such as speed, sensitivity and selec-
tivity, with their strict requirements for dependability and security (availability), are
getting more stringent. In addition, modern distance protections must be ableto operate
in networkswith existing distance relays, which are mostly designed in adifferent tech-
nology (static or even electromechanical relays).

Older distance relays protect in many cases power lines only at phase-to-phase and
three-phase faults. Some other protection is used for phase-to-earth faults.

The flexibility of modern distance protection isfor this reason very important. This es-
pecially applieswhen it is used in a complex network configuration, for example, on
paralel operating multicircuit lines and on multiterminal lines.

The selective operation of the distance protection does not depend on communication
facilities between two line ends. At the same time, the distance protection can detect
faults beyond the current transformers at the remote terminal. This functionality makes
it an ideal complement to the line differential protection function that cannot detect
faults beyond the current transformer at the opposite terminal.

Distance protection zones

The distance protection function in REx 5xx line protection, control, and monitoring
terminals consists of three to five independent distance protection zones, each of them
comprising three measuring elementsfor phase-to-earth (Ph-E) faults and/or three mea-
suring elements for phase-to-phase (Ph-PH) faults. Different terminal s suit different re-
quirementsin different networks on various voltage levels. For this reason, some
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characteristic parameters of the distance protection function differ from terminal to ter-
minal. For detailed information, please refer to ordering particulars for each line pro-
tection terminal REx 5xx separately.

Distance protection zone five differs from other zones with respect to its speed of oper-
ation. It startsfaster than other distance protection zones and might have for thisreason
higher overreaching for different system transients. It isfor thisreason suggested to use
it only for the applications, which permit higher overreaching, (i.e. switch-onto-fault
function) or as atime delayed distance protection zone with time delay longer than
100 ms.

Complement to the line differential protection

The distance protection function can become optional protection in some line differen-
tial protection terminals (REL 561, for example). At the sametimeit represents the pri-
mary protection for faultsbeyond the current transformers at the oppositetermina. This
functionality is achieved by the time delayed overreaching zone (generally zone 2),
which covers at least the adjacent busbar and thus forms a primary or back-up protec-
tion for the busbar. So the overreaching zone should be continuously in operation.

An underreaching zone (generally zone 1) can form a back-up to the line differentia
protection. There isno need for thisfunction as long asthe differential protectionisin
operation. To minimize the risk of unwanted operation from zone 1, this function can
be activated only when the differential function is out of operation. The most likely
cause to lose the differential protection is afailure within the communication system.

The communication scheme used with the distance protection should for thisreason use
another communication channel than the one used by the line differential protection.

Set of simplified setting parameters

Each distance protection zone comprises basically completely independent setting pa-
rametersfor phase-to-earth, and for phase-to-phase measurement. Thisisan application
advantage in complex network configurations and in networks, whereit is required to
adjust the newly applied distance protection functions to the existing other types of re-
lays (overcurrent earth fault, for example).

A set of simplified optional parametersis available optionally for applications, where
equal zone reachesfor al kinds of faults are a standard practice. Seethetable of setting
parameters and the setting instructions.

Basic characteristics

The distance protection function, as built into the REx 5xx line protection terminals, is
afull-scheme distance protection. Thismeansthat it hasindividual measuring elements
for different types of faults within different zones.
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Depending on the type of terminal, it consists of up to five (for details see the corre-
sponding ordering details) independent, impedance-measuring zones, each has a quad-
rilateral characteristic, assymbolically illustrated in figure 27, R, and X represent line
resistance and reactance and R represents the resistive reach of a protective zone.

ZL=RL+ JX L

ArgNegRes
o

\V ¥ RF >

ArgDir R
en00000376.vsd

Figure 27: Typical characteristic of a distance protection zone.

The static characteristic in reactive direction is astraight line, parallel with the R-axis.
The measuring algorithm used for the reactance part of the characteristic for phase-to-
earth faults compensates for the influence of the load current on the impedance mea-
surement for distance zone 1. So the static characteristic has no declination against the
R-axis. Setting of thereachin areactivedirection isindependent for each separate zone.
It can also differ for ph-ph and for ph-E measuring elements.

A straight line limits the reach of the distance protection zone in resistive direction. It
is generally parallel with Z , the line-impedance characteristic. This means that it
forms, with the R-axis, a ¢, line-characteristic angle. Setting of the reach in resistive
direction isindependent for each separate zone. Different setting values are al so possi-
ble for phase-to-earth faults (RFPE) and for phase-to-phase faults (RFPP).

With the X-axis, the directional characteristic in the second quadrant forms an
ArgNegRes settable angle (default value 25°). With the R-axis, the corresponding part
formsasettable ArgDir anglein the fourth quadrant (default value-15°), asin figure 27
and figure 28. All distance protection zones have the same directional characteristics.

The characteristics of the distance zones are independent of one another asfar as their
directionality and reach in different directions are concerned. One can program the di-
rectionality of each distance zone. Figure 28 shows atypical example of the character-
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istics of an impedance-measuring zone when directed into forward or reverse
directions. A polygon, completed with dashed lines, represents the characteristic of a
non-directional zone.
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Figure 28: Nondirectional and directional (forward and reverse) operating charac-
teristic

The set value of areach in resistive direction determines whether the directional linein
the second quadrant meets, asfirst, the reactive or the resistive characteristic. Compare
the characteristicsin figure 27 and 28

Thevalues of the reachesin reactive and resistive direction for a particular zone arethe
samefor forward and reverseimpedance-measuring el ements and for the non-direction-
a mode of operation.

Theterminal automatically adapts the line characteristic angle according to the line pa-
rameters. Thus, the measurement of different faults follows the real conditionsin a
power system. Figure 29 shows an example of an operating characteristic for the ph-E
fault, which faces the forward direction. Here, aZ,q,, phase-to-earth loop measuring
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impedance, consists of aZ line operational impedance, Zy earth returnimpedance, and
the RFPE fault resistance. The characteristic angle of the complete measuring loop au-
tomatically follows the real system conditions and the complete line characteristic.
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Figure 29: Characteristic of the phase-to-earth measuring loop.

The earth return impedance follows for each particular zone the expression:

(Equation 15)

with:
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Z, = R1PE+jX1PE

(Equation 16)

and

Z, = ROPE +j IXOPE
(Equation 17)

Where RIPE, XI1PE, ROPE and XOPE are the reach setting parameters.

It is possible to make the characteristic independent of line angle by setting the corre-
sponding line resistances R1PE and ROPE to their minimum possible values. For more
details see setting instructions.

The possibility to cover a sufficient fault resistance is amajor consideration in short-
line applications. Load encroachment problems are not so common. The independent
setting option of the reach in reactive and resistive direction is afunction that greatly
improves the flexibility of distance protection. For these short line applications, an op-
tional overreaching scheme communication logic, also improves, the resistive cover-
age. The optimum solution in some applicationsisto add the optional, directional-
comparison, earth-fault, overcurrent protection to the distance protection scheme.

In long line applications, the margin to the load impedance (to avoid load encroach-
ment) is usually amajor consideration. Quadrilateral characteristics with independent
settings of the reach in reactive (to cover sufficient length of aline) and resistive (to
avoid load encroachment) direction greatly diminish the conflict that is very character-
istic for circular characteristics.

A wide setting range of the reach in a reactive direction, which one set independently
for each zone with good current sensitivity — down to 10% of the rated current — is
an important factor that improves the performances of the distance protection when
used on long transmission lines.

High-voltage power cables have two main characteristics that make them, from the dis-
tance protection perspective, different from overhead lines:

» They arerelatively short, compared to overhead lines.

» Thevalue of their zero-sequence reactance is very low, in many cases even lower
than the positive-sequence reactance. Thisresultsin a negative value of the charac-
teristic angle for the earth-return impedance.
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Without approximation, the value of the earth-return compensation automatically fol-

lows the parameters of a power cable for positive and zero sequence reactance and re-
sistance. This makes the impedance measuring function, as built into the REx 5xx line-
protection terminals, suitable for the protection of short, EHV power cables. The inde-
pendent setting of the reach (in reactive and resistive direction, separately and indepen-
dently for each distance zone) improves these basic performances.

Zero-sequence, mutual impedance between different circuits of the multicircuit parallel

operating linesis afactor that particularly influences the performance of distance pro-

tection during single-phase-to-earth fault conditions. Distance protection must aso op-
erate selectively for intersystem faults and simultaneous faults to the greatest possible
extent.

The separate and independent setting of the parameters that determine the value of
earth-return compensation for different distance-protection zones, enables the compen-
sation of the influence of the zero-sequence, mutual impedance on the measurement of
the impedance-measuring elements for single-phase-to-earth faults.

Separate, optional, phase selectors usage, with their reach setting independent of the
reach of the zone measuring elements, greatly improves the performance of distance
protection on the multicircuit parallel operating lines. At the same time and to the low-
est possible level, these selectors reduce the influence of the heavy load current, that is
present during afault, on the phase selection function within the terminals.

Additional phase-segregated, scheme communication logic (refer to the ordering infor-
mation for itsavailability within the different types of terminals) enables absol ute phase
selectivity of the distance protection of multi-circuit, parallel operating lines.

For the selective operation of distance protection on tied and multiterminal lines, flex-
ibility in scheme communication logic associated with the distance protection function
isagreat advantage. Scheme communication logic built into the REx 5xx line protec-
tion terminals enabl es the adaptation of any communication schemeto the existing sys-
tem conditions. The free selection of overreaching and underreaching zones, with the
free selection of a conditional zone, and independent settings of the reach for different
zones, makes the REx 5xx line protection terminal s extremely flexible for such appli-
cations.

Series compensation

The REXx 5xx line protection terminals can employ two different impedance measuring

systems: the "conventional” impedance measurement (ZMn-) with up to five distance

protection zones and the high speed functions (HS--), see document (“High speed pro-
tection”). The HS-- function has two measuring zones: an under-reaching independent
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tripping zone and an overreaching zone used for the communication scheme. Both the
conventional and the high speed line protection functions are affected by the series
compensation on power lines.

The reach is affected both by the steady state influence by the series capacitance, and
the (non fundamental frequency) subsyncronus oscillation caused by the capacitor,
which interferes with the system inductances. The high speed measurement islessin-
fluenced then the conventional impedance measurement due to the time window the
measurement is performed during. But the series compensation requires to be paid at-
tention to, at the setting of both the high speed and the "conventional” impedance mea-
suring zones.

The basic requirements for modern line protection, such as speed, sensitivity and selec-
tivity, with their strict requirements for dependability and security (availability), are
getting more stringent. In addition, modern distance protections must be ableto operate
in networkswith existing distancerelays, which are mostly designed in adifferent tech-
nology (static or even electromechanical relays).

A continuously measuring under-reaching zone 1 hasto berestricted in reach dueto the
compensation of the line reactance and the subsyncronus oscillation caused by the se-
ries capacitance connected together with the system inductances.

Functionality

Measuring principle

Fault loop equations use the complex values of voltage, current, and changesin the cur-
rent. Apparent impedances are calculated and compared with the set limits. The calcu-
lation of the apparent impedances at ph-ph faults follows the equation (example for a
phase L1 to phase L2 fault):

(Equation 18)

Hererepresent U and | the corresponding voltage and current phasorsin the respective
phaseLn(n=1, 2, 3)

The earth return compensation appliesin a conventional manner for ph-E faults (exam-
ple for aphase L1 to earth fault):
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(Equation 19)

HereIN isaphasor of theresidual current in relay point. Thisresultsin the same reach
aong theline for al types of faults.

The apparent impedance is considered as an impedance loop with resistance R and re-
actance X, as presented in figure 30.

The measuring elements receive information about currents and voltages from the A/D
converter. The check sums are calculated and compared, and the information is distrib-
uted into memory locations. For each of the six supervised fault loops, sampled values
of voltage (U), current (), and changesin current between samples (A7) are brought
from the input memory and fed to arecursive Fourier filter.

R X
4 >
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Figure 30: Apparent impedance with resistance and reactance connected in series

Thefilter providestwo orthogonal valuesfor each input. Thesevaluesarerelated to the
loop impedance according to the formula:

cl
1
P
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+
£Ix
=41

(Equation 20)

in complex notation, or:
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(Equation 21)

Im{U) = RDm(T)+%M

oy At
(Equation 22)
with
wy = 20104,
(Equation 23)
Where:
Re designates the real component,
Im designates the imaginary component of current and voltage and
fo designates the rated system frequency

The algorithm calculates Rm measured resistance from the equation for the real value
of the voltage and substitute it in the equation for the imaginary part. The equation for
the Xm measured reactance can then be solved. The final result is equal to:

_ Im(U) Re(h) —Re(U) MIm(1)

ARe(D) Om() —AIm(1) (Re()

(Equation 24)

X = EAtDRe(_U) Om(@) —Im(U) [(Re (1)
m 0 ARe (1) Om(1) —Alm(1) Re(1)

(Equation 25)
The calculated R, and X, values are updated each millisecond and compared with the

set zone reach. The adaptive tripping counter counts the number of permissive tripping
results. This effectively removes any influence of errors introduced by the capacitive
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voltage transformers or by other causes. The algorithm isinsensitive to changesin fre-
guency, transient dc components, and harmonics because atrue replicaof the protected
line isimplemented in the algorithm.

The directional evaluations are simultaneously performed in forward and reverse direc-
tions, and in al six fault loops. Positive sequence voltage and a phase locked positive
sequence memory voltage are used as areference. This ensures unlimited directional
sengitivity for faults close to the relay point.

Measured impedance

Phase-to-earth measurement

The impedance measurement for the phase-to-earth faults is performed on the loop ba-
sis by comparing the calculated R, resistance and X, reactance with the set values of
the reach in the resistive and reactive direction:

R, > [RlPE + % [{ROPE — RlPE)] [p —RFPE

(Equation 26)
1
Ry < [RlPE +3 [(ROPE —RlPE)] (p + RFPE
(Equation 27)
X 2= X1PE —% [{XOPE — X1PE)
(Equation 28)
1
X < X1PE + 3 IXOPE ~X1PE)
(Equation 29)

The p factor representsthe relative fault position (-1<p<1) within the reactive operating
limitsin forward and reverse direction.

Equations for resistive measurement represent in the impedance plane non-directional
operating limitsin resistive direction (seefigure 31). For the faults on radia lines equa-
tion 26 represents a straight line (left side operating characteristic in loop domain),
which passesthe R axis at point D = - RFPE + j0 and formswith it an angle of:
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X1PE + % [{XOPE — X1PE)

o = atan 1
R1PE + 2 [(ROPE - R1PE)

(Equation 30)

Equation 27 representsfor the same conditions astraight line (right side operating limit)
passing the R axisin set point B = RFPE + j0 and is parallel to the |eft side operating

characteristic. Equations 28 and 29 represent in the impedance plane the operating lim-
itsin reactive direction (seefigure 31). For faultson radial lines equation 28 represents
in impedance plane (loop domain) astraight line, which is parallel with the R axis and
passes the point

c=0 —j[X1PE + % {XOPE —XlPE)]

(Equation 31)

Similarly represents equation 29 a straight line, which is also parallel with the R axis
and passes the point

A=0+ j[XlPE + % [{XOPE — XlPE)]

(Equation 32)
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Figure 31: General operating characteristic of impedance measuring elements

Phase-to-phase measurement

The impedance measurement for the phase-to-phase faults is performed on a phase ba-
sis by comparing the calculated R, resistance and X, reactance with the set values of
the reach in the resistive and reactive direction:

R, = R1PP Ep—% [(RFPP

(Equation 33)
1
Ry <RIPPp + 5 [RFPP
(Equation 34)
Xm =—-X1PP
(Equation 35)
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Xy < X1PP

(Equation 36)

Here represents p factor the relative fault position (- 1 < p < 1) within the reactive zone
reach. Parameters R/PP, X1 PP and RFPP are the reach setting parameters for the ph-
ph and three-phase faults. The first two equations represent the left and right side oper-
ating boundaries, see figure 31. For the faults on radial feeders represent these two
equations straight lines in impedance plain, which cross the R axisin points:

D = 2 [RFPP +[0

(Equation 37)

and

B = 1[RFPP +]0

2
(Equation 38)
respectively.
Both operating limits are parallel and form with the R axis an angle of:
_ X1PPO
a = atanERlPPD
(Equation 39)

The third and the fourth equations represent the reactive operating boundariesin for-
ward and reverse direction, see figure 31. They crossin impedance plain the X axisin
operating points: 4 = X1PP and C = -X1PP respectively. For thefaultson radial feeders
this two boundaries are straight lines, parallel with the R axis.

Directional lines

The results of impedance measurement are combined in “and” combination with the di-
rectional measurement, to obtain the desired directionality for each distance protection
zone separately, see figure in * Phase-to-earth measurement”.

The directional overcurrent function, TOC3, uses the results of the directiona imped-
ance measuring element to create the directional overcurrent function.
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The directional measurement is based on the use of a positive-sequence voltage for the
respective fault loop. For the L1-N element, the equation for forward direction is:

08U, ,+0201
-ArgDir <arg 1L LM <ArgNegRes
Ly
(Equation 40)
For the L1-L 2 element, the equation in forward direction is:
0.8 U +0.20U
-ArgDir <arg 1L1L2 ALIL2M o ArgNegRes
L2
Where:
ArgDir is the setting for the lower boundary of the forward directional character-
istic, by default set to 15 (= -15 degrees) and
ArgNegRes is the setting for the upper boundary of the forward directional character-

istic, by default set to 115 (degrees)

The reverse directional characteristic is equal to the forward characteristic rotated by
180 degrees.

Thepolarizing voltageisavailable aslong asthe positive-sequence voltage exceeds 4%
of therated voltage Ur. Sothedirectiona e ement can useit for all unsymmetrical faults
including close-in faults.

For close-in three-phase faults, the U, ;;,, memory voltage, based on the same positive
seguence voltage, ensures correct directional discrimination.

The memory voltageis used for 100 ms or until the positive sequence voltageisre-
stored. After 100 ms, the following occurs:

« If thecurrentistill above the set value of the minimum operating current (between
10 and 30% of the terminal rated current Ir), the condition sealsin.

» I thefault has caused tripping, the trip endures.

e |If the fault was detected in the reverse direction, the measuring element in the re-
verse direction remains in operation.
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» If the current decreases below the minimum operating value, the memory resets un-
til the positive sequence voltage exceeds 10% of itsrated value.

Directionality for series compensation

The control of the memory for polarising voltage isin the basic distance protection
function performed by low voltage control. A voltagereversal will givearelatively high
voltage also when the memory must be locked and thus this type of voltage memory
control can not be used in case of voltage reversal. In the option for series compensated
network the polarising quantity and memory are controlled by an impedance measure-
ment criteria.

The polarising voltage is a memorized positive sequence voltage. The memory is con-
tinuously synchronised via a positive sequence filter. The memory is starting to run
freely instantaneously when avoltage change is detected in any phase. A non-direction-
a impedance measurement is used to detect afault and identify the faulty phase or phas-
es. Thefaulty phase or phasesvoltage are disconnected from the positive sequencefilter
not to cause a change of the polarising voltage phase angle by areversed voltagein a
faulty phase.

When the output voltage from the positive sequence filter is higher than 5% of itsrated
value after the memory has run freely for 80 ms, the memory is alowed to synchronise
again to the output voltage from the positive sequencefilter. At athree phasefault when
no positive sequence voltage remains (all three phases are disconnected) the memory is
used for direction polarisation during 100 ms.

The memory is predicting the phase of the positive sequence voltage with the prefault
frequency. This extrapolation is made with ahigh accuracy and it is not the accuracy of
the memory that limitsthetimethe memory can be used. The network isat athree phase
fault under way to anew eqgvibrilum and the post-fault condition can only be predicted
accurately for alimited time outgoing from the prefault condition.

In case of athree phase fault after 100 ms the phase of the memorised voltage can not
berelied on and the directional measurement hasto be blocked. The achieved direction
criteriaare sealed-in when the directional measurement is blocked and kept until theim-
pedance fault criteriais reset (the direction is stored until the fault is cleared).

This memory control alowsin the time domain unlimited correct directional measure-
ment for all unsymmetrical faults also at voltage reversal. Only at three phase fault
within the range of the set impedance reach of the criteriafor control of the polarisation
voltage the memory hasto be used and the measurement islimited to 100 ms and there-
after the direction is sealed-in. The special impedance measurement to control the po-
larisation voltage is set separately and has only to cover (with some margin) the
impedance to fault that can cause the voltage reversal.
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Design

Full-scheme measurement

Up to three digital signal processors execute agorithmsfor up to five, full-scheme dis-
tance protection zones, depending on the type of the REx 5xx line protection terminal.
Figure 32 presents an outline of the different measuring loops for the basic five, imped-
ance-measuring zones when both, ph-E and ph-ph fault measuring loops are included
into the terminal.

Thefirst digital-signal processor (DSP) measures different fault loops for different sin-
gle-phase-to-earth faults and for different zones. Thisway, it formstheresistive and re-
active part of acharacteristic for single-phase-to-earth faults. The second DSP performs
the sametask for the phase-to-phase fault loops. Thethird DSP separately performsthe
directional measurement for all types of faultsin forward and reverse directions. The
presence of thefirst or the second DSP within the terminal depends on itstype and the
fault type, for which the distance protection is ordered (see ordering particularsfor each
REXx 5xx terminal separately).

[ LN | [ 2N | | LN | [ L2 | [ 23 | [ 311 | Zone 1
e e (on| e (ee [ma| wer
] ] o] o] (oo [Gm]| e
] ] o] o] (o] [oa| s
o] [ ] [on ]| |[oaz ] [te ] [ ]| zoes

[ LN | [ 2N | [ e-N | [ L2 | [ 23 | [ 311 | Forward
ronw ] (v ] [on ] [z | [ei ] [ain || Reverse

en00000437 v

Figure 32: Location of different measuring loops within the three digital signal pro-
cessors

The paralel execution of measurementsin up to three different DSPs permits the sep-
arate evaluation of each impedance measuring loop for each zone every millisecond.
This gives the distance protection function the same features as those known for the
full-scheme design of conventional distance relays (REZ 1, RAZFE). So each distance
protection zone performs like one independent distance protection relay with six mea-
suring elements.
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Distance protection zone one

The design of distance protection zone 1 is presented for all measuring loops: phase-to-
earth as well as phase-to-phase. Different terminals REx 5xx have built-in different
measuring circuits, dependent on ordering details. In the following description consider
only the phase-to-earth related signals, if only phase-to-earth measurement isincluded
interminal. Similarly consider only the phase-to-phase related signals, if only phase-to-
phase measurement isincluded in terminal.

The phase-to-earth related signals are designated by L nE, where represents n the corre-
sponding phase number (L1E, L2E, and L3E). The phase-to-phase signals are designat-
ed by LnLm, where n and m represent the corresponding phase numbers (L1L2, L2L 3,
and L3L1).

Fulfillment of two different measuring conditionsis necessary to obtain thelogical one
signal for each separate measuring loop:

» Zone measuring condition, which follows the operating equations described above.
e Group functional input signal (ZM1--STCND), as presented in figure 33.

The ZM1--STCND input signal represents a connection of six different integer values
from other measuring functions within the terminal, which are converted within the
zone measuring function into corresponding boolean expressions for each condition
separately (see “ZMn--STCND functional input” in “Basic configuration”).
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Figure 33: Conditioning by a group functional input signal ZM1--STCND

Composition of the phase starting signals for a case, when the zone operates in anon-
directional mode, is presented in figure 34.
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Figure 34: Composition of starting signals in non-directional operating mode

Results of the directional measurement enter the logic circuits, when the zone operates
in directional (forward or reverse) mode, see figure 35.
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Figure 35: Composition of starting signals in directional operating mode

Tripping conditions for the distance protection zone one are symbolically presented on
figure 36.
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Figure 36: Tripping logic for the distance protection zone one

Phase related starting and tripping signals are available only in case, when the 1/2/3
phase tripping unit is ordered within the terminal. Please, refer to ordering particulars
for each REx 5xx terminal separately.

Remaining distance protection zones

Distance protection zones two and three have the same composition as distance protec-
tion zone 1. All descriptions for the distance protection zone 1 are for this reason valid
also for the distance protection zones two and three. It is only necessary to replace the
ZM1- designation with corresponding designations ZM2- for zone two and ZM 3- for
zone three respectively.

Distance protection zones four (ZM4-) and five (ZM5-) are based on the same princi-
ples asthe other distance protection zones. The only differenceisin the presentation of
phase selective signals, belonging to these two zones. The phase selective signals are

not available with distance protection zones four and five.

Calculations

Setting instructions

The setting values of all parameters that belong to distance protection within the REx
5xx line-protection terminals, must correspond to the parameters of the protected line
and to the selectivity plan for the network.
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Reach setting recommendations

Before starting the setting activities for the distance protection function, check that the
setting values of the secondary rated current within the terminal correspond to the cur-
rent transformers used for the same purposes for a specific REx 5xx terminal.

Conversion to secondary impedances

Convert the primary line impedances to the secondary sides of the current and voltage
instrument transformers. The following relation applies to these purposes.

Usec Iori
_ prim
Zsec T U |:Zprim

prim sec

(Equation 41)

Where:
Abbreviation: | Is a set value of:
lprim Rated primary current of the used current instrument transformers
lsec Rated secondary current of the used current instrument transformers
Uprim Rated primary voltage of the used voltage instrument transformers
Usec Rated secondary voltage of the used voltage instrument transformers
Zyrim Primary impedance
Zsec Calculated secondary impedance

Basic zone setting recommendations

An impedance seen by the distance protection might differ from the calculated values
due to:

» Errorsintroduced by current and voltage instrument transformers, particularly un-
der transient conditions.

» Inaccuraciesin the line zero-sequence impedance data, and their effect on the cal-
culated value of the earth-return compensation factor.

* Theeffect of infeed between therelay and thefault location, including theinfluence
of different Z,/Z, ratios of the various sources.

e The phase impedance of untransposed linesis not identical for all fault loops. The
difference between the impedances for different phase-to-earth loops can be as
large as 5-10% of the total line impedance.
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» Theeffect of aload transfer between the terminals of the protected line. When the
fault resistance is considerable, the effect must be recognized.

»  Zero-sequence mutua coupling from paralel lines.

Usually, these errors require alimitation of the underreaching zone (normally zone 1)

to 85-90% of the protected line. For the samereason, it isnecessary toincreasethereach
of the overreaching zone (normally zone 2) to at least 120% of the protected line— to
ensure that the overreaching zone always covers a complete line. The zone 2 reach can
be even higher, but in general it should never exceed 80% of the following impedances:

» Theimpedance corresponding to the protected line, plus the first zone reach of the
shortest adjacent line.

» Theimpedance corresponding to the protected line, plus the impedance of the max-
imum number of transformers operating in parallel on the bus at the remote end of
the protected line.

The back-up overreaching zone (normally zone 3) must never exceed 90% of the short-
est zone 2 reach of any of the lines connected to the remote end bus. It must be at least
2 times the zone 1 reach.

Thereverse zoneis applicable for purposes of scheme communication logic, current re-
versal logic, weak-end-infeed logic, and so on. The same applies to the back-up protec-
tion of the busbar or power transformers. It is necessary to secure, that it always covers
the overreaching zone, used at the remote line terminal for the telecommunication pur-
pOSeS.

In the case of along line followed by ashort line, or by alarge bank of low impedance
transformers, the mandatory 120% setting might overreach zone 1 of the adjacent line,
or reach through the transformer bank at the other line end. In such cases, one must in-
crease the zone 2 time delay and thus secure the selectivity. The zone 2 reach must not
be reduced below 120% of the protected line section. It must be covered under all con-
ditions.

In networkswith linestied at an intermediate location, consider an increase in the mea-
sured impedance due to the fault current fed into the system at the teed point.

If afault occurs at point F (see figure 37 "Network with line tied at an intermediate |o-
cation" on page 77 also for the explanation of all abbreviations used), therelay at point
A senses the impedance:
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(Equation 42)

| o and I are fault currents from sources A and B respectively.

Assume that the reach of zone 1 of therelay in C covers 85% of ZCD, and the reach of
zone 2 of therelay in A covers 80% of (Zac + 85% of Zp).

The impedance from station A up to thereach limit of thefirst zone at C correspondsto:

_ 0 E% _
Z,c+0.85 ML+ =0[Z,
o 10
(Equation 43)

The reach of zone 2 can not be longer than 80% of the apparent impedance at the limit
of thefirst zone at C, which means that:

_ _ O g
72 = 080]Z,.+0.85 ML+ =207,
0 i
(Equation 44)
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Figure 37: Network with line tied at an intermediate location

Also consider the apparent increase of measured impedance due to the power fed into
the system for the zone 3 setting.

When calculating the setting, consider the lowest value of the current ratio from two
sources that can occur when only one group of setting parametersis used for all oper-
ating conditions.

The distance protection function performs best in the power system with its setting val -
ues optimized to specific system conditions. So use different pre-set and pre-test groups
of setting parameters for different expected system operating conditions.

REx 5xx terminals have a built-in memory capacity for four groups of setting parame-
ters, al completely independent of one another. It is possible to set and pre-test all of
them during the commissioning. Their activation is possible:

» Localy — with the local HMI or aPC

* Remotely — with the SM S or/and SCS (depending on whether the optional remote
communication is built into the terminal or not).
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Earth return compensation

A simplified measuring loop at the single-phase-to-earth faults consists of three imped-
ances, as shown in figure 38 "Equivaent circuits for measurement at single-phase-to-
earth faults." on page 78.

Where:

Abbreviation:

Is a set value of:

Z1

Positive sequence impedance of the line

Rf

Fault resistance

ZN

Earth-return impedance

Z0

Zero sequence impedance of the line

The earth return impedance is equal to:

a)

L1

L2

(Equation 45)

b)

N
=

99000036.vsd

Figure 38: Equivalent circuits for measurement at single-phase-to-earth faults.

The complete measuring impedance, according to Figure 38 "Equivalent circuits for
measurement at single-phase-to-earth faults." on page 78 is equal to:

- 1 _
Zigop = L1t ZN*T Ry = §|:(2 Zy +Zy) + Ry

78

(Equation 46)
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Thereach of distance protection zoneisrelated to the positive sequence lineimpedance.
So an earth-return compensation factor has been introduced into the measuring algo-
rithm. Itsvalue is equal to:

- = _ 1 -

(Equation 47)

(Equation 48)

The impedance measuring a gorithm within the REL 5xx terminals cal cul ates automat-
ically the complex value of the earth-return compensation factor KN on the basis of the
set valuesfor the

» Positive sequence reactance of protected line section X/PE
» Positive sequence resistance of protected line section R/PE
» Zero-sequence reactance of protected line section XOPE
» Zero-sequence resistance of protected line section ROPE

Fault resistance

The performance of distance protection for single-phase-to-earth faults is very impor-
tant, because normally more than 70% of the faults on transmission lines are single-
phase-to-earth faults.

At these faults, the fault resistance is composed of three parts: arc resistance, resistance
of atower construction, and tower-footing resistance.

The arc resistance can be calculated according to Warrington's formula:

_ 28707 L

arc — |1,4

R

(Equation 49)
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Where:

L represents the length of the arc (in meters). This equation applies for the distance
protection zone 1. Consider approximately three-times arc foot spacing for the
zone 2 with time delay of 0.7 seconds and wind speed of approximately 50 km/h.

is the actual fault current in A.

Calculate or measure the tower-footing resistance for the specific case, because the
variation of this parameter isvery large.

The distance protection cannot detect very high-resistive earth faults, because the load
impedance and load transfer limit its reach. For faults with resistance higher than those
that can be detected by theimpedance measurement, an optional earth-fault overcurrent
protection can be included in the REx 5xx terminals.

Zero-sequence mutual coupling on multicircuit lines

When calculating the settings for distance-protection ph-E fault measuring elements,
one must consider zero-sequence mutual coupling between the circuits of the multicir-
cuit lines. The positive and the negative-sequence mutual coupling generaly have no
significant influence on the operation of the impedance-measuring protection schemes.

The distance protection within the REx 5xx terminals can compensate for the influence
of azero-sequence mutual coupling on the measurement at single-phase-to-earth faults
in the following ways, by using:

e Thepossibility of different values that influence the earth-return compensation for
different distance zones within the same group of setting parameters.

» Different groups of setting parameters for different operating conditions of a pro-
tected multicircuit line.

Most multicircuit lines have two parallel operating circuits, as shown in figure 39 "Dou-
ble-circuit parallel operating line" on page 81. The application guide mentioned below
recommendsin more detail the setting practicefor this particular type of line. Thebasic
principlesalso apply to other multicircuit lines. The Application Guide on Protection of
Complex Transmission Network Configurations describes the problemsin more detail.
The CIGRE Working Group 04 of Study Committee 34 (Protection), published the
guide in November 1991.

ZmOin figure 39 "Double-circuit parallel operating line" on page 81 represents the
zero-sequence mutual -coupling impedance between circuits of adouble-circuit, parallel
operating line.
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Figure 39: Double-circuit parallel operating line

The parallel circuit disconnected and earthed at both ends

Figure 40 "Equivalent zero sequence impedance circuit of the double-circuit, parallel,
operating line with a single phase-to-earth fault at the remote busbar” on page 81 rep-
resents an equivalent zero-sequence impedance circuit for the double-circuit parallel
operating line. Input terminals A and B are related to the input terminal's of each circuit
close to the busbar A in figure 39 "Double-circuit parallel operating line" on page 81.
Termina Cisrelated to the F fault point, moved towards the B busbar.
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Figure 40: Equivalent zero sequence impedance circuit of the double-circuit, parallel,
operating line with a single phase-to-earth fault at the remote busbar

The distance protection overreaches for single-phase-to-earth faults on the protected
line when the parallel circuit is disconnected and earthed on both ends. The equivalent
zero-sequence impedance circuit gets the configuration asin figure 41 "Equivalent
zero-sequence impedance circuit for the double-circuit line that operates with one cir-
cuit disconnected and earthed at both ends’ on page 82.
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Figure 41: Equivalent zero-sequence impedance circuit for the double-circuit line that
operates with one circuit disconnected and earthed at both ends

Here the equivalent zero-sequence impedance is equal to:

(Equation 50)

Thisinfluences the value of the total loop impedance as measured by the distance-pro-
tection function, thus causing it to overreach. It is necessary to compensatefor thisover-
reaching by setting the compensated zero-sequence impedance for the particular
underreaching zone.

All expressions below are proposed for practical use. They assume the value of zero-

sequence, mutual resistance R,,, equalsto zero. They consider only the zero-segquence,
mutual reactance X,

Calculate the equivalent X and Rge zero-sequence parameters according to the equa-
tions below for each particular line section and set them for the particular underreaching
zone of distance protection function.

0 Xmo O

ROE = ROEIJ.+—-|
2 2

U Ry +X,T

(Equation 51)
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(Equation 52)

The parallel circuit out of service and not earthed

When the parallel circuit is out of service and not earthed, it has the equivalent zero-
sequence impedance circuit for faults at the remote busbar as shown in figure 42
"Equivalent zero-sequence impedance circuit for a double-circuit line with one circuit
disconnected and not earthed" on page 83. The line zero-sequence mutual impedance
does not influence the measurement of the distance protection in afaulty circuit. This
means that the reach of the underreaching distance-protection zoneis reduced if, dueto
operating conditions, the equivalent zero-sequence impedance is set according to the
conditions when the parallel system is out of operation and earthed at both ends.

lo Zo=Zmo
Ao >

Zo—Zmo )
Bo

Figure 42: Equivalent zero-sequence impedance circuit for a double-circuit line with
one circuit disconnected and not earthed

mO |0
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The reduction of the reach is equal to:

1 5 T —
_ gH2m +Zp) +Ry Zm02
KU: =1-— P —

%E(ZDZ—lJrZ—O)Jer Zy 22, +Z,+3Ry)

(Equation 53)

This means that the reach is reduced in reactive and resistive directions. If the real and
imaginary components of the constant 4 are equal to:
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Re(A) = Ry 2 [R, + Ry + 3 [Ry) =X ({2 (X, + X,)

(Equation 54)
Im(A) = Xq Q2 [R; +Ry+3 [R)) +Ry 2 X, + X,)
(Equation 55)
The real component of the KU factor is equal to:
~ 2
__ Re(A) [X
Re(Ky) = 1+ _e( 2) e
[Re(A)] +[Im(A)]
(Equation 56)
The imaginary component of the same factor is equal to:
. Im(A) X2
Im(K,) = — mo... 5
[Re(A)] +[Im(A)]
(Equation 57)

Ensure that the underreaching zones from both line ends will overlap a sufficient
amount (at least 10%) in the middle of the protected circuit.

Parallel circuit in service

The zero-sequence mutual coupling can reduce the reach of distance protection on the
protected circuit when the parallel circuit isin normal operation. The reduction of the
reach is most pronounced with no infeed in the line terminal closest to the fault. This
reach reduction is normally less than 15%. But when the reach is reduced at one line
end, it isproportionally increased at the opposite line end. So this 15% reach reduction
does not significantly affect the operation of a permissive underreach scheme.

Setting of the overreaching zones

Overreaching zones (in general, zones 2 and 3) must overreach the protected circuit in
all cases. The greatest reduction of areach occursin cases when both parallel circuits
are in service with a single-phase-to-earth fault located at the end of a protected line.
The equivaent zero-sequence impedance circuit for this case is equal to theonein fig-
ure 40 "Equivalent zero sequence impedance circuit of the double-circuit, parallel, op-
erating line with a single phase-to-earth fault at the remote busbar" on page 81.
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The components of the zero-sequence impedance for the overreaching zones must be
equal to at |east:

Roe = Ro*Rpo

(Equation 58)

Xoe = Xo+ Xmo

(Equation 59)

Check the reduction of areach for the overreaching zones due to the effect of the zero-
sequence mutual coupling. The reach is reduced for a factor:

1 Zmo
22, +Zy+ Zpo + 3Ry

(Equation 60)

If thereal and imaginary components of the B constant are equal to:

Re(B) = 2 [R; +Ry+ Ry, + 3[Ry

(Equation 61)
Im(B) = 2 [X; +Xg+ X
(Equation 62)

The real and the imaginary value of the reach reduction factor for the overreaching
zones are equal to:

Re(R) = 1- X OM(B)

[Re(B))” +[Im(B)]”

(Equation 63)
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X0 CRe(B)
[Re(B)]* +[Im(B)]”

Im(K,) =

(Equation 64)

Use of different setting groups on double circuit lines

Each of the REx 5xx line-protection terminals has a built-in possibility for setting and
activating four different groups of setting parameters according to the system condi-
tions. Different setting groups can also suit different operating conditions of amulticir-
cuit, paralel operating line.

The advantage of such an approach is a better coverage of the line during normal and
abnormal operating conditions.

The parallel circuit out of operation with both ends earthed

Apply the same measures as in the case with asingle set of setting parameters. This
means that an underreaching zone must not overreach the end of a protected circuit for
the single-phase-to-earth faults. Set the values of the corresponding zone (zero-se-
guence resistance and reactance) equal to:

0 Xmo O
Rog = R + —-|2
0 Ry +X,0
(Equation 65)
0 Xpo O
Xog = Xl —— L]
0 Ry +X, 0
(Equation 66)

Double-circuit parallel line in normal operation

Normally, the underreaching zone of distance protection underreaches for the single-
phase-to-earth faults located closer to the opposite end of the circuit. To overcomethis
underreaching and trip without a sequential tripping for the faults along the greatest
possible percentage of aline, increase the val ue of the equivalent zero-sequence imped-
ance to the one al so recommended for the overreaching zones. This means that the val-
ues of the equivalent zero-sequence resistance and reactance are equal to:
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Ree = Rg+R

mo0

(Equation 67)

Xoe = Xo+ Xmo

(Equation 68)

Overreaching distance protection zones

The same rules apply to the overreaching zones as in cases with a single set of setting
parameters. Ensure that they will always overreach. So increase the setting of the zero-
sequence resistance and reactance to the values that correspond to at least:

Roe = Rg+R

mo

(Equation 69)

Xoe = Xo+ Xmo

(Equation 70)

In many cases, it issufficient if theinfluence of the zero-sequence mutual impedanceis
compensated only in the first overreaching zone (generally, zone 2). The setting of the
back-up overreaching zones (zone 3 and higher) is usually so high that no such com-
pensation is necessary.

Instructions for overreaching zones are applicable for normal network configurations.
Always reconsider their settings if any special lines or other elements (cables, power
transformers, etc.) follow the double-circuit, parallel operating line.

Pay special attention to the distance protection of double-circuit, parallel operating mul-
titerminal or tapped lines.

Setting of the reach in resistive direction

Set the resistive reach independently for each zone, and separately for phase-to-phase,
and phase-to-earth loop measurement.

Set separately the expected fault resistance for phase-to-phase faults (RFPP) and for the

phase-to-earth faults (RFPE) for each zone. Set al remaining reach setting parameters
independently of each other for each distance zone.
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Thefinal reach in resistive direction for phase-to-earth fault loop measurement auto-
matically followsthevalues of theline-positive and zero-sequenceresistance, and at the
end of the protected zoneis equal to:

R = %(2 [R1Zn + ROZn) + RFNZn

(Equation 71)

The blinder in the resistive direction forms an angle with the R-axis equal to:

- 2 X, * Xo
¢Ioop = arctanm

(Equation 72)

Setting of the resistive reach for the underreaching zone 1 should follow the condition:

RFPE < 4.5 [X1PE
(Equation 73)

The fault resistance for phase-to-phase faultsis normally quite low, compared to the
fault resistance for phase-to-earth faults. Limit the setting of the zone 1 reachin resis-
tive direction for phase-to-phase loop measurement to:

RFZ1< 3 [X1z71
(Equation 74)

Load impedance limitation

Check the maximum permissible resistive reach for any zone to ensure that thereisa
sufficient setting margin between the relay boundary and the minimum |oad impedance.

The minimum load impedance [Q/phase] is calculated as:

_ Y
S

ZIoadmin

(Equation 75)
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Where:
U is the minimum phase-to-phase voltage in kV
S is the maximum apparent power in MVA

The load impedance [ Q/phase] is afunction of the minimum operation voltage and the
maximum load current:

Uin

Z — ___min
load Jﬁ Dmax
(Equation 76)

Minimum voltage Uy, and maximum current | .o, are related to the same operating
conditions. Minimum load impedance occurs normally under emergency conditions.

Note!

Because a safety margin is required to avoid load encroachment under three-phase
conditions and to guarantee correct healthy phase relay operation under combined
heavy three-phase load and earth faults, consider both: phase-to-phase and phase-to-
earth fault operating characteristics.

Toavoid load encroachment for the phase-to-earth measuring el ements, the set resistive
reach of any distance protection zone must be less than 80% of the minimum load im-
pedance.

RFPE< 0.8 [,

(Equation 77)

Thisequation is applicable only when the |oop characteristic angle for the single-phase-
to-earth faults is more than three times as large as the maximum expected |oad-imped-
ance angle. More accurate calculations are necessary according to the equation below:

2 [R1PE + ROPE

RFPE <0.8 [Z\yaqmin Eﬁcosﬁ— RIS

Binﬁ]

(Equation 78)
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Where

9 is a maximum load-impedance angle, related to the minimum
load impedance conditions.

To avoid load encroachment for the phase-to-phase measuring elements, the set resis-
tive reach of any distance protection zone must beless than 160% of the minimum load
impedance.

RFPP < 1.6 [Z; 5,

(Equation 79)

This equation is applicable only when the loop characteristic angle for the phase-to-
phase faultsis morethan three times as|arge as the maximum expected | oad-impedance
angle. More accurate calculations are necessary according to the equation below:

RIPP .
RFPP <1.6 [Z, i Eﬁcosa— e IZ'hln{)]

(Equation 80)

All thisis applicable for al measuring zones when no power swing detection element
isin the protection scheme. Use an additional safety margin in cases when a power-
swing detection element isin the protection scheme; see document “Power swing de-
tection”.

Setting of minimum operating current

Minimum operating fault current IMinOp defines the sensitivity of the distance protec-
tion asbuilt in REx 5xx terminals. Default setting value, which is20% of basic terminal
current, proved in practice as the optimum value for the most of applications.

Sometimes it is necessary to increase the senditivity by reducing the minimum operat-
ing current down to 10% of terminal basic current. This happens especialy in cases,
when the terminal serves as a remote back-up protection on series of very long trans-
mission lines.

The minimum operating fault current is automatically reduced to 75% of its set value,
if the distance protection zone has been set for the operation in reverse direction.
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Setting of timers for the distance protection zones

The required time delays for different distance-protection zones are independent of
each other. Distance protection zone 1 can also have atime delay, if so required for
selectivity reasons. One can set the time delays for all zones (basic and optional) in a
range of 0 to 60 seconds. The tripping function of each particular zone can be inhibited
by setting the corresponding Operation parameter to Off. Different time delays are pos-
sible for the ph-E (tnPE, n = 1...5) and for the ph-ph (tnPP, n = 1...5) measuring loops
in each distance protection zone separately, to further increase the total flexibility of a
distance protection.

Setting the directional lines

ArgDir and ArgNegRes setting parameters define the position of thedirectional linesin
impedance plane (see figure 43 "Directional lines define the forward and reverse oper-
ating areafor each distance protection zone" on page 92). Their default values are 15°
and 25° respectively and should not be changed unless the simulation studiesfor the ap-
plication on very long and heavilly loaded transmission lines show the need to change
them accordingly.
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Figure 43: Directional lines define the forward and reverse operating area for each
distance protection zone

Simplified operating characteristic

Distance protection operating characteristic followswith itsreach inresisitive direction
automatically the line charcateristic angle. The R1PP setting parameters influences the
line characateristic angle for the phase-to-phase measurement while R1PE and ROPE
influence the characteristics for the phase-to-earth faults.

The operating charatceristic for phase-to-phase faults becomes independent on line
characteristic angle when RFPP is set to its minimum possible value (0.1 ohm for ter-
minalswith rated current It = 1A and 0.02 ohm for terminalswith rated current Ir = 5A).
Similarly becomes independent the operating characteristic for phase-to-earth faults,
when R1PE and ROPE are set to their minimum values. In such case it is necessary to
consider the reduction of afault resistance coverage for the faults at the end of the pro-
tection zone. The simplified operating characteristic is schematically presented on
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Figure 44: Simplified operating characteristic with RIPP or (RI1PE and ROPE) or (R1
and RO with simplified setting parameters) are set to their minimum values

Set of simplified setting parameters

All statements presented under this subject apply also in case when the set of simplified
setting parameters has been ordered instead of a complete set. It is only necessary to
consider the fact, that in this case the reactive reach setting is equal for the phase-to-
phase aswell asfor the phase-to-earth measuring elements. Thisway the setting param-
eter X1 replaces the parameters X1PP and X 1PE. Similarly replaces X0 the XOPE pa-
rameter.

Series compensated and adjacent lines

Directional control

The directional function which is able to cope with the condition at voltage reversal,
shall be used in all terminals with conventional distance protection and HS function.
Thisfunction is necessary in the protection on compensated lines aswell asall noncom-
pensated lines connected to this busbar (adjacent lines). All protections that can be ex-
posed to voltage reversal must have the special directional function, including the
protections on busbar where the voltage can be reversed by series compensated lines
not terminated to this busbar.

The parameters for the distance protection functions are set viathe local HMI or PST

(Parameter Setting Tool). Refer to the Technical reference manual for setting parame-
ters and path in local HMI.
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The directional function is controlled by faulty phase criteria. These criteriamust iden-
tify all forward and reverse faults that can cause voltage reversal. Setting of the corre-
sponding reach of the impedance measuring elements is separate for reactive and
resistive reach and independent of each other for phase-to-earth and for phase-to-phase
measurement.

Reactive reach

The positive sequence reactive reaches for ph-ph (X1PP) and for ph-E (X1PE) faults
are generally set to the same values. The recommended valueis cal cul ated according to
the equation:

X1PP = X1PE = 2 X K

(Equation 81)

The zero sequence reactance, which influences the reach at ph-E faults, is recommend-
ed to be set according to the formula:

XOPE = 1.6 X K

Where:

X is the maximum capacitive reactance the relay can be exposed to, transformed to
c . .
the secondary side of the current and voltage instrument transformers used.

The influence of the side infeed of fault current must be taken in account for lines that
can be influenced by voltage reversal.

The factor K in the equation above is the enlarging factor caused by the side infeed of
fault current:

2 Uith)

Iy

(Equation 82)

Where:
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is the current through the protection and

is the side infeeded current that apparently enlarge the capacitor.

Resistive reach

The set resistive reach has to consider the reactive reach setting and the zone 2 resistive
reach setting for both, phase-to-earth (RFPEZ),,) as well as for phase-to-phase
(RFPPZ),,) faults:

RFPE > 1.1 [{0.34 (X, [K + RFPE,,,)

(Equation 83)

RFPP > 1.1 [{0.68 (X (K + 0.68 (X1PP + RFPP,,,)

(Equation 84)

It is aso necessary to consider the minimum load impedance limiting conditions:

RFPE <0.8 DZIoadmin

(Equation 85)

RFPP <1.6 [ aqmin

Converntional distance protection underreaching zone 1

A voltagereversal causes an artificial internal fault (voltage zero) on the adjacent lines.
Thisartificia fault will always have aresistive component, thisis however small and
can mostly not be used to prevent tripping of a healthy adjacent line.

On the adjacent line the voltage will reverse on bus B, figure 45. The directional polar-
isation for series compensation implemented together with the conventional distance
protection zone preventsafalsetripin B. Assuming that thevoltagein A isnot reversed
the protection in A will seean artificial fault in theforward direction on the healthy line
and trip when this fault is within the reach of zone 1.
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Figure 45: Series compensated and adjacent line

Dueto sideinfeed of fault current the apparent fault will move toward the bus A or fur-
ther out in the net. The worst condition will normally be achieved at three phase fault
and mostly only this condition have to be checked.

An independent tripping zone 1 facing a bus which can be exposed to voltage reversa
have to be set with reduced reach with respect to this false fault. When the fault can

move and pass the bus A the zone 1 in this station must be blocked. Protection further
out in the net must be set with respect to this apparent fault as the protection at bus A.

Dueto the subharmonic oscillation swinging caused by the series capacitor at fault con-
ditionsthe reach of the under-reaching zone 1 must be further reduced. Zone 1 can only
be set with a percentage reach to the artificial fault according to the curve in figure 46
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Figure 46: Reduced reach due to the expected sub-harmonic oscillations at different
degrees of compensation

=

.

= dedree of compensation

(Equation 86)

p is the maximum allowable reach for an under-reaching zone with respect to the sub-
harmonic swinging rel ated to the resulting fundamental frequency reactancethe zoneis
not alowed to over-reach.

The degree of compensation C in figure 46 hasto beinterpreted as the relation between
series capacitor reactance and the total positive sequence reactance X to the driving
sourceto the fault. If only theline reactance is used the degree of compensation will be
to high and the zone 1 reach unnecessary reduced. The highest degree of compensation
will occur at three phase fault and therefore the calculation need only to be performed
for three phase faults.

The compensation degree in earth return path is different than in phases. It is for this

reason possible to calculate a compensation degree separately for the phase-to-phase
and three-phase faults on one side and for the single phase-to-earth fault loops on the
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other side. Different settings of the reach for the ph-ph (R1PP, X 1PP, RFPP) and ph-E
loops (R1PE, X 1PE, RFPE) makes possible to minimise the necessary decrease of the
reach for different types of faults.

For protection on non compensated lines not facing series capacitor X1PP and X 1PE
are set to:

- = X1PE

X1PP = (xl_K D(negative) 100

Where:

X1 is a secondary value of a total line positive sequence reactance.

For protection on non compensated lines facing series capacitor X1PP and X 1PE are
Set to:

X1PP = (X;-X¢) b5 = X1PE

(Equation 87)

Note!

When the calculation of X1PP or XIPE gives a negative value the zone 1 must be per-
manently blocked.

It is necessary to apply similar conditions to the line zero sequence reactance X OPE.

On non compensated line afected by the series compensation and compensated line
with the series capacitor not into the reach of zone 1 the XOPE is set to theline Xy value
for the line section covered by the X 1PE setting. The setting is thus:

X1PP = (X;-X¢) b5 = X1PE

(Equation 88)

For compensated lines with the capacitor into the zone 1 reach the XOPE is set to:
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X1PP = (xl—xc)ulig)—0 = X1PE

(Equation 89)

Note!

In case of parallel lines the mutual coupling has to be considered.

Line resistance
The same value apply usually for phase-to-phase and for phase-to-earth faults.

On non compensated lines affected by the series compensation and compensated lines
with the series capacitor not into the reach of zone 1 the R1PP and the R1PE are set to
the line Ryvalue for the line section covered by the zone 1. The setting is thus:

R, OX1PP

R1PP = X

= X1PE

(Equation 90)

On compensated line with the capacitor into the zone 1 reach the R1PP and the R1PE
are set to:

R, OX1PP + X)

R1PP = X

= R1PE

(Equation 91)

Note!

Consider, that X appears normally as a negative value. Consider all values as second-
ary values.

It is necessary to apply similar conditions to the line zero sequence resi stance ROPE.

The ROPE is set according to the XOPE setting on all type of lines:
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R DXOPE
ROPE = 24—

(Equation 92)
Fault resistance

Theresistivereachisfor all affected applicationsrestricted by the set reactive reach and
the load impedance:

RFPE < 0.83 ({2 IX1PE + XOPE)

(Equation 93)
RFPE <0.8 [Z| yagmin

(Equation 94)
RFPP < 3.0 IX1PP

(Equation 95)

RFPP < 1.6 [Z, ..quin

Overreaching zone 2

In series compensated network where independent tripping zones will have reduced
reach due to the negative reactance in the capacitor and the subharmonic swinging the
tripping will to a high degree be achieved by the communication scheme.

With the reduced reach of the under-reaching zones only over-reaching schemes like
permissive overreach transfer trip (POTT) or blocking scheme can be used.

Thusit is of very importance that the zone 2 can detect faults on the whole line both
with the series capacitor in operation and when the capacitor isbridged (short circuited).
It is supposed also in this case that the reactive reach for phase-to-phase and for phase-
to-earth faultsis the same. The X1PP and X 1PE arefor al lines affected by the series
capacitor set to:
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X1PP =2 1.5 [X,
(Equation 96)
and
X1PE 2 1.5 [X;
(Equation 97)
Where:
X1 is the whole line positive sequence reactance without the series capacitor

The safety factor of 1.5 appears due to speed requirements and possible underreaching
caused by the subharmonic oscillations.

X1PP and X 1PE setting shall not be used giving areach on the primary side < 5 ohm.

Theincreased reach related to the one used in non compensated system isrecommended
for al protectionsin the vicinity of series capacitorsto compensate for delay in the op-
eration caused by the subharmonic swinging.

Setting parameters R1PP, R1PE, ROPE, and X OPE are using the line data without the

capacitor for the set reaches X 1PP and X 1PE. Theline values arethus enlarged with the
factor

X1PP/X,

(Equation 98)

Note!

In case of parallel lines the mutual coupling has to be considered.

Settings of the resistive reaches are limited according to the minimum load impedance:
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RFPE <0.8 [Z| yagmin

(Equation 99)

and

RFPP <1.6 [Z| saqmin

Reverse zone

Thereverse zonethat isnormally used in the communication schemesfor functionslike
fault current reversal logic, weak-in-feed logic or issuing carrier send in blocking
scheme must detect all faultsin the reverse direction which is detected in the opposite
terminal by the overreaching zone 2. The maximum reach for the protection in the op-
posite terminal will be achieved with the series capacitor in operation.

It is supposed also in this case that the reactive reaches for phase-to-phase and for

phase-to-earth faults are the same. The X 1PP and X 1PE are set to:

X1PP 2 1.2 IX1PP 5, — 0.5 ((X,; — X)

(Equation 100)

X1PE 2 1.2 IX1PE ,, — 0.5 (X, — X¢)

(Equation 101)

Where:
X1PPzpo are the set values in the opposite terminal.

X1PEzpm2

The XOPE, R1PP, R1PE, and ROPE are set according to the line data multiplied with a
factor
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1.5

1.5.1

X1PP/X,

(Equation 102)

Settings of the resistive reaches are according to the minimum load impedance:

RFPE < 0.8 [Z oaqwin

(Equation 103)

RFPP <1.6 [Z| ,aqmin

(Equation 104)

Optional higher distance protection zones

When some additional distance protection zones (zone 4, for example) are used they
must be set according to the use of that zonestaken in account the influence of the series
capacitor.

Configuration

Basic configuration

Each distance protection zone comprises different functional inputs, which influenceits
operation in different ways.

ZMn--BLOCK functional input

Logical oneon ZMn--BLOCK functional input blocks completely the operation of the
distance protection zone. The input should be connected to the functional outputs of
those protection and logic functions, which are supposed to block instantaneously and
compl etely the operation of the zone. Functional output PSD--START of the power
swing detection function is atypical example.

ZMn--VTSZ functional input

The operation of the distance protection function must be blocked in cases of different
faults within the secondary voltage measuring circuits. The ZMn-VTSZ functional in-
put should be configured to the functional output FUSE-VTSZ of the fuse-failure su-
pervision function or to the binary inputs of aterminal, connected to the output contacts
of external fuse-failure relays and MCBs.
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ZMn--BLKTR functional input

The ZMn--BLKTR functional input blocks only the tripping function of each particular
distance protection zone, but it does not block its measurement and starting output sig-
nals. Itispossibleto useit in different cases together with internal logic circuitsfor dif-
ferent application purposes.

ZMn--STCND functional input

The ZMn--STCND functional input brings into each distance protection zone informa-
tion on external measuring conditions, which influence the zone operation. It is neces-
sary to configure it to one of the following functional outputs within the terminal:

PHS--STCNDI functional output of the phase selection function. The operation of
the distance protection zone depends in this case only on the fault current condi-
tions, as used for the operation of the phase selection elements (see the document
“Phase selection for distance protection”).

* PHS--STCNDZ functional output of the phase selection function. The operation of
the distance protection depends in this case on the operation of different phase se-
lection elementsfor aparticular fault. The fault must be seen by the phase selection
impedance measuring elements, to release the operation of the distance protection
zone (see the document “Phase selection for distance protection”).

e GFC--STCND functional output of the general fault criteria (GFC). The operation
of aparticular distance protection zone isreleased only, if the fault has been detect-
ed also within the operating characteristic of a GFC element (see the document
“General fault criteria’).

* FIXD-INTONE functional integer output signal. The operation of a particular dis-
tance protection function does not depend in this case on any external current or im-
pedance measuring condition. All measuring loops are permitted to operate only on
the basis of the measured impedance for a particular fault conditions.

Note!

1t is strongly not recommended to connect STCND to FIXD-INTONE. Such connection
causes overlapping among all six measuring loops, that can bring to unexpected results
from impedance protection.

ZMn--START functional output

The ZMn--START functional output becomes logical one at any detection of the mea-
sured impedance within a particul ar distance protection zone. It is not time delayed. It
ispossible to configure it as an input signal to the scheme communication logic (asa
carrier send signal) or for asignalling purposes.
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Phase selective starting signals (ZMn--STL1, ZMn--STL 2, and ZMn--STL 3) are avail-
able in unitswith built-in single pole tripping function. They have the same functional-
ity asthe general starting signal ZMn--START with the addition, that they alwaysrelate
to a specific faulty phase.

ZMn--TRIP functional output

The ZMn--TRIP functional output represents atime delayed operation of a particular
distance protection zone. It isgenerally used for tripping purposes. It isalso possible to
configurethetrip output signals of time-delayed distance protection zonesto theinhibit
conditions of the autoreclosing function, when used within the terminal.

Phase selective tripping signals (ZMn--TRL1, ZMn--TRL2, and ZMn--TRL3) are
availablein units with built-in single pole tripping function. They have the same func-
tionality as the general tripping signal ZMn--TRIP with the addition, that they always
relate to a specific faulty phase.

ZMn--STND functional output

Informs about the non-directional start of the distance protection zone (see figurein
“Basic characteristics’). It is possible, among others, to configure it to the functional
input SOTF-NDACC functional input of the switch-onto-fault function.
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High speed protection (HS)

Application

To avoid transient instability in aheavily loaded transmission network in case of three-
and two-phasefaults, the fault clearing time must be short. The allowableloading of the
network depends on the fault clearing time. Fast protection allowsfor thisreason ahigh
load transfer with maintained stability.

The high speed, impedance measuring function (HS--) in REx 5xx terminals, which
achieves very short operating times, is an additional function to a basic, impedance-
measuring function (ZMn-).

Thebasic line distance protection function in REx 5xx line protection terminals enables
high dependability and security for application in high-voltage transmission systems.

The high speed function operates generally in three quarter of acycle, inclusive output
relays capable to operate the breaker.

The high speed function is equipped with an underreaching tripping zone (zone 1) and
an overreaching forward directed zone for issuing afast carrier send signal for permis-
sive overreach transfer trip scheme (POTT). The carrier send function is also comple-

mentary to the basic line distance protection carrier send function.

To enablefast, single-pole tripping, the high-speed function has a complementary high
speed phase-sel ection function.

Thereliability of a measuring function consists of two properties:

e Security against unwanted operations
»  Dependability to operate when wanted

Anincrease of one of these propertieswill decrease the other one. Thisisvalid for any
type of measuring principle.

In a high voltage transmission system, unwanted operations will jeopardize the whole
network and can not be allowed. So the fast measurement must generally favour the se-
curity against unwanted tripping.

Measuring functions with an operate time of one cycle can evaluate information for a
decision, which is enough to fulfil the requirement of both security and dependability
in high voltage network. Note that a one cycle measuring time will give an operation

time, including logic function and trip relays, of about 1,25-1,50 cycles.
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A measuring function with an operate time of ahalf cycle can not (without complemen-
tary protection functions) have the dependability required for a sufficient protection
function on high voltage lines when the necessary security is achieved.

Series compensation

The REXx 5xx line protection terminals can employ two different impedance measuring
systems: the conventional impedance measurement (ZMn-) with up to five distance
protection zones (see document “ Distance protection”) and the high speed functions
(HS--, see document “High speed protection”). The HS-- function has two measuring
zones. an under-reaching independent tripping zone and an overreaching zone used for
the communication scheme. Both the conventional and the high speed line protection
functions are affected by the series compensation on power lines.

The reach is affected both by the steady state influence by the series capacitance, and
the (non fundamental frequency) sub synchronous oscillation caused by the capacitor,
which interferes with the system inductances. The high speed measurement islessin-
fluenced than the conventional impedance measurement due to the time window the
measurement is performed during. But the series compensation requires to be paid at-
tention to at the setting of both the high speed and the conventional impedance measur-
ing zones.

The HS under-reaching zone, which has a measuring window of 10-15 ms, isnot affect-
ed very much by the negative reactance of the series capacitor. The energy, stored inthe
series capacitor needs some time to fully influence the fault current and voltage distri-
bution. Therefore only some reduction of the reach isrequired for the HS under-reach-
ing zone to avoid an overreach.

Functionality

The high speed function measures the three loops phase-to-earth and the three loops
phase-to-phase. In case of three-phase faults the trip command isissued by the phase-
to-phase measuring loops (operation of one of the loopsis sufficient for a three phase

trip).

The measurement isafull scheme measurement. Thethree phase-to-earth loopsand the
three phase-to-phaseloops are calculated in parallel. In REx 5xx terminals, anew set of
samplesisissued every onems. All calculations are repeatedly performed on each new
set of samplesand aresult isavailable every one ms. Thetrip and the carrier-send func-
tion require that the operation criteria has been fulfilled during several calculations. The
results are accumulated in a trip counter.

Control of measuring loops

The phase-to-earth loop measurement is allowed to trip or send a carrier signal when
the phasor of aresidual current fulfils the condition:
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[l\]>0.2 0,
(Equation 105)

Where:

I represents the rated current of a terminal

The residual current must at the same time fulfil also the following condition:

I > 0.2- max [ -5 iz - Too| |1 -1

(Equation 106)

Where:

ILn (n =1, 2, 3) are the corresponding phase currents.

The phase to phase measurement is allowed to issue a tripping command when at |east
one of the following changes in measured currents compared to the values measured
during the previous cycle fulfils one of the following conditions:

Ali;; ~T5/>050;

(Equation 107)

Ali,-15/>050;

(Equation 108)

A|E3 - E' >0.5 Dr

(Equation 109)

Besides this criteria, it is also necessary, that:
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Il < 0.4 e |5 - 1) |52 - M| - T

(Equation 110)

The measurement is performed during atime window of 15 ms. See also the directional
measurement for the phase-to-phase faults and phase selection.

For operation, the four different measuring criteriaabove must be fulfilled. Besidesthis
criteria, a phase-selection measurement is required.

Phase-to-earth measurement

Reactive measurement

The inductive part from the solution of the line model equation below (exampleis pre-
sented for phase L1 to earth measuring loop) is used for the reactive measurement:

di, diy
U = LB H B *Riv

(Equation 111)

Where:

L is the line positive sequence inductance
Ln is the line earth return inductance

RN is the loop resistance

The solution of thisline model is accurate with minimum overreach for transientsin
current and voltage that are coupled to each other over thelineimpedance. The equation
isvalid for fundamental and non-fundamental frequency quantities.

Non-coupled quantities caused by capacitive voltage transformer can cause extensive
overreach if the voltage is not well filtered when this equation is solved. The required
speed of operation exclude sufficient filtering for the high-speed function. So an addi-
tional equation isintroduced to safeguard the reactive measurement.
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U
IA' < (X + XN)
1L
(Equation 112)
Where:
X is the set positive sequence reactance
XN is the set earth return reactance

With arelatively minor filtering, this equation restricts the overreach caused by voltage
transformer transients. On the other hand, this equation can cause extensive overreach
for transients (harmonics) coupled over the line impedances. Thisway both equations
supplement each other.

Resistive measurement
The resistive measurement is performed by solving this equation:

di,,  diy
U, = LDdt +LNDdt + Ry Oy

(Equation 113)

This equation limits resistive overreach in healthy phasesin abetter way than the equa-
tion used for the reactive measurement.

Directional measurement

The high speed distance protection function performsthe directional measurement with
full-cross polarization. The polarizing voltage istaken entirely from the healthy phases.
The changein the phase current is used for the directionality to eliminate the influence
of theload current. The changein current is cal culated by subtracting the healthy phases
current after a 90 degree phase shift (derivation) from the faulty phase current.

An impedance is calculated for each phase.

For the L1 phase:
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UL2—L3

P oL gl digy
Lt /3 Udt  dtO

(Equation 114)

For theforward direction the argument of this quotient must be within the set valuesfor
the directional lines ArgDir and ArgNegRes, which are normally set by default to -15
deg and 115 deg.

Phase to phase measurement

An operation requires that three measuring criteria and a phase selection are fulfilled.
For operation, the criteriamust be fulfilled during a minimum of two calculations.

Reactive and resistive measurement

The algorithm defines the reactive and the resistive part of a measured impedance by
solving the following equation:

_ d
Ua-p =L B(]‘t(ll_1—||_2)+ R Ly —10)

(Equation 115)

This equation has the same limitations as the equation used for phase-to- earth measure-
ment, which is affected by the voltage transformer transients if the voltage is not prop-
erly filtered. The algorithm follows for this reason a so the following additional
measurement:

|U|_1 _ UL2| <X
|||_1 - I|_2|
(Equation 116)
Where:
X is a reactive set reach
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Directional measurement

The phase-to-phase measurement applies also for the three-phase faults. This approach
does not allow the cross-polarization, as used for the phase-to-earth measurement. A
memory voltageisused instead. It isachieved from a phase and frequency locked mem-
ory that is synchronized with the positive sequence voltage.

The changein current is achieved by subtracting the current from aphase and frequency
memorized, one-cycle, prefault current. Thisisatransient measurement and cannot be
continuously performed. The measurement is blocked after 15 ms.

Animpedance is calculated according to the equation (phase L 1-L 2 loop measure-
ment):

UmemoryLl —-L2

Al L1-L2
(Equation 117)

The argument of this quotient must be within the set values for the directional lines
ArgDir and ArgNegRes, which are normally set by default to -15 deg and 115 deg.

Phase selection

The agorithm performs the phase selection commonly for both phase-to-earth and
phase-to-phase faults.

The phase selection compares the changes in the differences between different phase
currents: (IL1-1L2), (IL2-1L3), and (IL3-1L1).

Besides the comparison of quantities, the change must be above certain operation lev-
els.

Because the change in phase-to-phase currents can not be measured continuously, the
phase selection for all type of faults must be blocked after 15 ms.

Basic characteristic

Figure 47 describes the characteristic. Due to the transient character of the measuring
principle, no characteristic can be verified by static measurements. It is possible to dy-
namically verify that no operation will occur outside the characteristic, within the guar-
anteed accuracy.

It is also possible to identify the different measuring criteriain the characteristic. All
criteriamust be fulfilled for operation.
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The characteristicisprincipally identical for all type of faults. Thereactiveand resistive
reach setting isindividual for the phase-to-earth and the phase-to-phase measuring
loops.

—I=

R

\

99000041.vsd

Figure 47: Basic operating characteristic

Calculations

Setting instructions

These basic setting instructions are not valid completely for applicationsin series com-
pensated networks. When the network contain series capacitor in the vicinity of the pro-
tection, the setting must be adopted to this conditions.

The high speed function is a complementary function to the ordinary distance-protec-
tion functions. The high-speed function has two zones:

» Underreaching zone 1 that can trip independent as an normal zone 1 (HS--TRIP)

» Forward directed overreaching zonefor issuing afast carrier send signal for permis-
sive overreaching transfer trip communication scheme (HS - CS)

Line impedances

Makeall settingsin secondary values of impedances. The primary lineimpedance must
be converted to secondary values.
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The conversion of primary line impedance to secondary values is described in the set-
ting instruction for the ordinary distance protection functions, see the document “Dis-
tance protection”. This chapter defines the different line impedances and the influence
of mutual coupling from a paralel line.

It ispossible to set different reactive and resistive reach for the phase-to-earth and for
the phase-to-phase measuring elements. Thisway it is possible to adjust the reach also
in cases, when different line parameters, like the zero sequence mutual impedance, in-
fluence the reach at earth faults.

High-speed zone 1

The high speed underreaching zone (zone 1) trips directly and must underreach the pro-
tected line.

The reactive reach for zone 1 is set to a maximum of 75% of the entire line.

In case of extremely short lines where the resistive reach cannot be set to cover the es-
timated minimum fault resistance (the tower footing resistance), the value of the under-
reaching zone 1 is practically useless. So block its operation.

Note!

The high speed function is tripping in two ways. directly and via the tripping logic. Both
ways can be blocked by setting the high-speed function OFF.

Zone 1 setting recommendation

X1PP and X1PE

The reactive reach for the phase-to-phase and the phase-to-earth measurement is set
generaly to 75% of the secondary positive-sequence impedance for the entire line.

XOPE

The XOPE setting is the compensation for the earth return to also achieve full reach for
earth faults.

The calculation of the earth return impedance for compensation is made internally in
the protection.

For line not influenced by mutual coupling from parallel lines, the XOPE is set to 75%
of the secondary zero-sequence line impedance. This gives the same reach for al type
of faults.
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In case of paralldl lines, the zone 1 with the above X OPE setting overreaches the line
when the parallel lineis out of operation and earthed at both terminals. When an over-
reach can not be accepted during these conditions, the X OPE setting must be reduced to:

[l Xmo
XOPE = 0.75 IXg— =0
a Xo O

(Equation 118)

Where
Xo is a secondary line zero sequence reactance
Xmo is a secondary line zero sequence mutual reactance

RFPP and RFPE

Theresistive reach must include both the line resistance and the fault resistance. In the
high-speed function, these quantities are not set separately as they are in the basic dis-
tance protection function.

The nominal fault-resistance, Ry coverage at the reactive reach on a per- loop base for
zone 1 with 75% reach is:

R; = RFPP -0.75 [R, [2

(Equation 119)
2R, +R
- _ 17 Rog
Ry = RFPE - .75 -—5—1
(Equation 120)
Where:
R, is the positive-sequence line resistance, and
Ro is the zero-sequence line resistance for the entire line (both parameters

are presented with their secondary values)
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The resistive reach must be restricted to the load impedance.

RFPE <0.8 DZIoadmin

(Equation 121)

RFPP <0.6 [Z5admin
(Equation 122)

High-speed overreaching (carrier send) zone setting recommendations

The overreaching zone (CS zone) is directed forward and only used to issue afast, car-
rier-send signal at permissive overreach communication schemes. Itisalso used asalo-
cal permissive zone in POTT communication scheme. The carrier-send signal is sent
two ways. directly and viathe communication schemelogic. Setting parametersfor the
overreaching high-speed function are available in the setting table.

CS zone setting recommendation

Coverage of the entire line by the CS zone must be set with areach according to the
formula:

= 0,
p X, +150%
(Equation 123)
Where:
p >600% cannot be used
p is the reactive reach of the overreaching zone in %
X1 is the positive-sequence reactance of the entire line (primary value in
this specific case)
X1CSPP

The reactive reach for phase-to-phase fault is set according to the p factor from the
above formula
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S
X1CSPP 100 X,

(Equation 124)

X1CSPE

The reactive reach of the phase-to-earth measuring elements for the carrier-send zone
is set according to the formula:

- Db
X1CSPE = 100 X4

(Equation 125)

XO0CSPE

The zero sequence reactive reach for the overreaching HS zone is set according to the
formula:

XOCSPE = 755 (X + Xpmo)

(Equation 126)

Where:
Xo is zero sequence line reactance and
Xmo is mutual zero sequence line reactance

It is necessary to consider X0 = 0, when there is no zero sequence mutual coupling
fromthe parallel circuits. X,,,g compensatesin case of parallel linesfor the reductionin
reach when both lines are in operation.

RFCSPP and RFCSPE

The nominal fault-resistance, Ry coverage at the reactive reach on a per- loop base for
an overreaching (CS) zone isfor the phase-to-phase faults:

- _P
Ry = RFCSPP — 1= [R; [

(Equation 127)
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The nominal fault-resistance, Ry coverage at the reactive reach on a per- loop base for
an overreaching (CS) zoneisfor the phase-to-earth faults:

2[R, +R
= _oP 17 g
Ri = RFCSPE — o5 B———1

(Equation 128)
The resistive reach must be restricted to the load impedance.
RFCSPE<0.8 Dzloadmin
(Equation 129)
RFCSPP <1.6 [Z0ad4min
(Equation 130)

Trip and CS configuration

The output signals (carrier-send, trip etc.), which indicate the operation of high-speed
overreaching and underreaching zone are configured by means of a CAP configuration
tool.

It is possibleto:

» Configure these signals directly to the corresponding binary outputs (relay con-
tacts).

» Configure these signals within the internal logic circuits as all other functional out-
put signals, to obtain the corresponding operation of the trip function (TRIP-).

» Itisalso possible to use the event report for testing (connect the DREP signalsto
the corresponding HS function output).

* Thereisthe possibility to configure these signal sto the same binary outputs (output
relays of aterminal) asthe output signalsfrom the TRIP function. See the document
“High-speed binary output logic”.
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The operation of the high speed function overrunsall logical circuitswithin the terminal
and activates without any time delay the corresponding binary outputs (output relays)
which are configured over the HSBO logic. The same relays can be activated also by

the normal functional outputs of some other built-in functions (TRIP function, for ex-
ample).

Note!

We suggest to configure the trip and carrier send output signals from the high-speed
function directly to the same binary output contacts as the normal trip output signals
and the normal carrier send output signals.

Settings for the series compensated networks

High speed under-reaching zone

The parametersfor the high speed and instantaneous phase overcurrent protection func-
tionsare set viathelocal HMI or PST (Parameter Setting Tool). Refer to the Technical
reference manual for setting parameters and path in local HMI.

Reactive reach

The reactive reach for the phase-to-phase and the phase-to-earth measurement can be

set to <50% of the positive sequence reactance of the entire line. The influence of the

series capacitance is taken in account with the maximum compensation factor equal to
50% of the line reactance. This setting shall be applied on all lines affected by the series
compensation, a'so on non compensated linesin the vicinity of a series capacitor.

X1PP = 0.5 X

X1PE

0.5 (X,

(Equation 131)

When the X 1PE and X 1PP can not be set to cover morethen 1,5 Q on the primary side,
the HS under-reaching zone is recommended to be blocked permanently.

The zero sequence reactance X OPE, which applies for the total reach at phase-to-earth
faults, isthe compensation for the earth return reactance to achieve the same reach for
al types of fault.

The calculation of the earth return reactanceis madeinternally in the relay from the set
XOPE and X 1PE values.
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XOPE is set according to:

X
XOPE = 0.5E§< ——mq]
0 XOD

(Equation 132)

With these settings the independent tripping zone will not over-reach the line in case
the parallel lineis out of operation and grounded at both terminals.

Resistive reach

The resistive reach setting for the underreaching (RFPE) HS zone at earth faults must
include both: the line resistance, ground return resistance, the apparent fault resistance
and additionally.

0.34 X,

(Equation 133)
Where:
Xe is a maximum apparent resistance caused by a conducting Zn0 resistor over the

series capacitor, when applied.

The nominal apparent fault resistance covered will at phase-to-phase faults be:

Rf = RFPP -2[D.5 [R; —0.68 X,

(Equation 134)

The nominal apparent fault resistance covered will a phase-to-earth faults be:

Rf = RFPE-0.17 ({2 [R; +R) —0.34 [X,

(Equation 135)
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The resistive setting must aso fulfil the following load impedance conditions:

RFPE < 0.8 (Z| yadmin

(Equation 136)

and

RFPP < 1.6 [Z ,aqmin
(Equation 137)

Mostly the settings are determined by the load impedance. Consider the secondary val-
ues of the fault resistances and load impedance within the last presented equations.

High speed over-reaching (carrier send) zone

Reactive reach

Consider setting instructions as presented for the HS overreaching zone in document
“High-speed protection”

Resistive reach

The same conditions apply for the settings of the resistive reach parameters RFCSPE
and RFCPP asfor the corresponding parameters for the HS underreaching zone RFPE
and RFPP respectively
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Automatic switch onto fault logic (SOTF)

Application

The switch-onto-fault function is a complementary function to impedance measuring
functions but may make use of information from such functions.

With the switch-onto-fault (SOTF-) function, afast trip is achieved for afault on the
wholeline, when thelineisbeing energized. The SOTF tripping is generally non-direc-
tional in order to secure atrip at fault situations where directional information can not
be established, for example, due to lack of polarizing voltage when aline potential
transformer is used.

Automatic activation can be used only when the potential transformer is situated on the
line side of acircuit breaker.

Functionality

The switch-onto-fault function can be activated either externally or automatically, in-
ternally, by using the information from a dead-line-detection (DL D) function (seefig-
ure 48).

lsoTEF-BC 1000 ms

'soTF-pDLCND 200 ms | 21 ﬂL :
!SOTF-NDACC — & ﬁJ A = s SOTE-TRIP|
: = = |
' SOTF-BLOCK & |
i |

en00000492.vsd

Figure 48: SOTF function - simplified logic diagram

After activation, a distance protection zone (usually its non-directional starting signal)
is allowed to give an instantaneous trip. The functional output signal from the distance
protection zone to be used, should be connected to the SOTF-NDACC functional input
of the SOTF function, see figure 48. The distance protection zone used together with

the switch-onto-fault function shall be set to cover the entire protected line. Always use
distance protection zone 5 as a criteriafor the SOTF function, if the high-speed protec-
tion function isused in the REx 5xx line protection terminal. It is also suggested to use
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the distance protection zone 5, when faster operation of SOTF function isrequired. The
non-directional instantaneous condition is maintained for 1 s after closing the line cir-
cuit breaker.

The external activation is achieved by an input (SOTF-BC), which should be set high
for activation, and low when the breaker has closed. Thisis carried out by an NC aux-
iliary contact of the circuit breaker or by the closing order to the breaker.

The internal automatic activation is controlled by the DLD function and its functional
output DLD--START. The DLD--START functional output is activated when all phase
voltages and phase currents have been below their set operate values. The DLD--
START functional output isusually configured to the SOTF-DLCND functional input.
It activates the operation of the SOTF function, if present for more than 200 mswithout
the presence of anon-directional impedance starting signal SOTF-NDACC.

Operation of a SOTF function can be blocked by the activation of a SOTF-BLOCK
functional input.

Calculations

Setting instructions

The parameters for the switch-onto-fault function are set viathe local HMI or PST (Pa-
rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and path in local HMI.

The low voltage and low current criteriafor automatic activation is settable under the
DLD-- function. Refer to the Technical reference manual for setting parameters and
path in local HMI.

Thissetting isnot critical aslong asit islower then the lowest operation voltage during
normal and emergency conditions.

The distance protection zone used for a switch-onto-fault criterion (SOTF zone) have
to be set to cover the entire protected line with a safety margin of minimum 20%.
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Phase selection logic (PHS)

Application

The main tasks of all protection systems are to quickly isolate the faulty part from the
rest of the power system to maintain its stability. A total disconnection of the transmis-
sion or subtransmission line always endangers the stability of one or more power sys-
tems. Thisis because transmission lines transport the el ectric energy between the
production and consumption parts of the power systems, and because their disconnec-
tion always causes unbal ancein the produced and consumed energy in the disconnected
parts.

A large majority of line faults on the overhead lines are single-phase-to-earth transient
faults, which disappear after a short interruption of the power supply. For this reason,
the single-pole automatic reclosing is introduced into the power systems and if the
faulty phaseis disconnected for only a short time, the risk of losing the stability of a
power system is minimized to the lowest possible level.

A reliable phase selection function, associated with the distance protection function,
playsfor thisreason avery important role. An independent phase sel ection function, as
availableoptionally into some REx 5xx line-protection terminals (for detailsrefer to the
ordering particulars), operates as a complement to the impedance-measuring elements.
Thissecuresacorrect phase selection in cases of single-phase-to-earth faultson heavily
loaded, long, transmission lines.

The settings of the phase selection function are independent of the settings of different
distance-measuring zones. They have nothing in common with the starting elements of
other distance relays, also used for phase-selection purposes. It is possible to set the
reach of the phase-selection elementsto cover with sufficient margin only the protected
line and secure tripping of a correct phase for the faults on the protected line only. A
much shorter reach, compared to the reach of starting elements in transmission net-
works with long lines, thus prevents the load current to influence the operation of the
phase-selection elements on heavily loaded healthy phases.

The operation of the phase selection elements also depends on the direction of the fault
in the network. This enables correct phase selection on the multicircuit parallel operat-
ing lines and on multiterminal lines within the complex network configurations.
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Functionality

Theory of operation

The basic agorithm for the operation of the phase-selection measuring e ementsis the
same as for the distance-measuring function (see the document “ Distance protection”).
The difference, compared to the zone measuring elements, isin the combination of the
measuring quantities (currents and voltages) for different types of faults.

Measurement at phase-to-earth faults

The measurement ignorestheresidua current at single-phase-to-earth faults. Fault loop
equations for different phase-to-earth (ph-E) faults are as follows:

U
Zig N = —
ILg
(Equation 138)
for phase L1 to earth fault loop
o=
Zon==2
L2
(Equation 139)
for phase L2 to earth fault loop
5
Ziz_N = |:L3
L3
(Equation 140)
for phase L3 to earth fault loop
Operation in each fault loop depends on the following conditions:
-RFPE<Re(Z ,_n) < RFPE
(Equation 141)

and
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—E%BE(Z [X1PE + XOPE) slm(ZLn_N)s%E(Z (X1PE + XOPE)

(Equation 142)

Here n represents the number of the corresponding phase. RFPE, X 1PE, and XOPE are
the reach setting parameters for the ph-E measuring phase selection elements.

Besidesthis, the 3:1 residual current must fulfil the following conditions:

30,20.50OMinOp

(Equation 143)

and
INReleasePE
|3 DOl 2 100 Dphmax
(Equation 144)

Where:

IMIinOp is the minimum operation current for forward zones.

INReleasePE is the setting for the minimum residual current needed to enable

operation in the ph-E fault loops (in %)
Iphmax is the maximum phase current in any of three phases.

Measurement at phase-to-phase and three-phase faults
Fault loop equations for phase-to-phase faults are as follows:

U m-U O
XLm—Ln = Im%
O i, O

(Equation 145)

and
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_ Ij‘]Lm — ULnD
RLm—Ln = REBTD
o I, O
(Equation 146)
Where:
Xim-Ln is the reactance measured in a corresponding phase-to-phase measur-
ing loop and
Rim-Ln is the resistance measured in a corresponding phase-to-phase measur-
ing loop.

The following conditions apply for the operation of ph-ph measuring loopsin reactive
direction:

—2 XIPP < X, y_1n<2 (X1PP

(Equation 147)

The following conditions apply for the operation of ph-ph measuring loopsin resistive
direction:

—RFPP +p [X1PP (tan20° <R _,, < RFPP + p X1PP [tan20°

(Equation 148)

And where:
-1 < p<1listherelative position of afault within the reactive reach X1PP.
X1PP and RFPP are the reach setting parameters for the ph-ph measuringloops.

Besidesthis, the residual current must fulfil these conditions:

30 <0.200,

(Equation 149)
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or
INBlockPP
|3 [I0| < 100 O phmax
(Equation 150)
Where:
I is the rated current of the terminal and
INBlockPP is the setting for the residual current level below which operation of the

ph-ph fault loops is allowed.

When the current conditions for both single-phase-to-earth and phase-to-phase mea-
surement are fulfilled, both measuring elements operate. Note that the ph-ph measuring
loops operate also at three-phase faults.

Design

Figure 49 presents schematically the creation of the phase-to-phase and phase-to-earth
operating conditions. Consider only the corresponding part of measuring and logic cir-
cuits, when only aphase-to-earth or phase-to-phase measurement isavailablewithin the

terminal.

3 ,20.5 OIMinOp

&

3 O, = (INRelease PE/100) [l
PHS--BLOCK

ph max

30,<0.2 0,

3 [, <(INBlockPP/100) Ul

ph max

o T

Figure 49: Ph-Ph and Ph-E operating conditions.
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A special attention is paid to correct phase selection at evolving faults. A PHS--STCN-
DI output signal is created on the basis of current measuring conditions. Thissignal can
be configured to ZMn--STCNDI functional input signal s of the distance protection zone
n (n=1to 5, dependent on the ordering particulars) and in this way influence the oper-
ation of the ph-ph and ph-E zone measuring elements and their phase related starting
and tripping signals.

Figure 50 presents schematically the composition of non-directional phase selective
signals PHS--STNDLn, where n presents the corresponding phase number. Signals
ZMLNN and ZMLmLn (m and n change between one and three according to the phase
number) represent the fulfilled operating criteriafor each separate loop measuring ele-
ment.
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i _INDL2N - cont. '
i _INDL3N - cont. i
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| o -
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Figure 50: Composition of non directional phase selection signals
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Composition of the directional (forward and reverse) phase selective signalsis present-
ed schematically in figure 52 and figure 51. The directional criteria appears as a condi-
tion for the correct phase selection in order to secure a high phase selectivity for

simultaneous and evolving faults on lines within the complex network configurations.

Signals DFWLn and DFWLnNLm present the corresponding directional signalsfor mea-
suring loopswith phases Ln and Lm (m and n are running betwen 1 and 3). Designation
FW (figure 52) represents the forward direction as well as the designation RV (figure

51) represents the reverse direction. All directional signals are derived within the cor-

responding digital signal processor.

Figure 51 presents additionally acomposition of aPHS--STCNDZ output signal, which
is created on the basis of impedance measuring conditions. This signal can be config-
ured to ZMn--STCNDZ functional input signals of the distance protection zonen (n =
1to 5, dependent on the ordering particulars) and this way influence the operation of
the ph-ph and ph-E zone measuring elements and their phase related starting and trip-
ping signals.
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Figure 51: Composistion of non directional phase selection signals
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Figure 52: Composition of forward directed phase selection signals

Calculations
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Generally, the phase selection elements need not cover all distance-protection zones
within the terminal. The main goal should be a correct and reliable phase selection for
faults on the entire protected line. Thisway, a single-phase and two-phase auto-reclos-
ing function has the best possible effect. So the phase selection measuring elements
must always cover thefirst corresponding overreaching zone (in most application cases.
zone 2) for different fault loops. A safety margin between 10% and 15% isrecommend-

ed.
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Phase selection at single-phase-to-earth faults

Figure 53 presents together the operate characteristics for the zone measuring el ements
and for the phase selection element at ph-E fault. The characteristic is presented in per
loop domain.

The phase sel ection characteristic should cover with sufficient margin the complete dis-
tance protection zone. Parameters X 1PE, R1PE, XOPE, ROPE and RFPE are the zone
setting parameters. Please, see the document “Distance protection” for more informa-
tion. The following definitions apply according to figure 53:

Z, = R1PE+]jIX1PE

(Equation 151)
7z =31inz,-7
N~ 5[( 02
(Equation 152)
with:
Z, = ROPE +j (XOPE
(Equation 153)
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Figure 53: Operate characteristics for the zone and phase selection elements - for-
ward direction

Designation RFPEZ), in figure 53 corresponds to the zone setting parameter RFPE.
Similarly corresponds RFPEp s to the resistive reach setting parameter for the phase
selection element for ph-E faults. Necessary setting conditions for the phase selector
with respect to ph-E faults are as follows:

RFPEp s >% 2 [R1PE,, + ROPE,,,) + RFPE,,,

(Equation 154)
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X1PEpyg >X1PE,y,

(Equation 155)

XOPEpys > XOPEy,y,

(Equation 156)

The same conditions apply also for the measurement in reverse direction aswell asfor
the non-directional measurement.

Index PHS designates the parameters rel ated to the phase sel ection elements. Index ZM
designates the parameters related to the distance protection zone measuring elements.

Phase selection at ph-ph faults

Phase selection elements for ph-ph faults have the operate characteristic, as presented
together with the characteristic of the zone measuring elementsin figure 54

135



Phase selection logic (PHS) Chapter 4
Line impedance

2 - X1PPpyq

70°

4
Py

RFPEps

xx00000504.vsd

Figure 54. Phase selection characteristic for ph-ph faults together with zone operate
characteristic

Inthiscaseit isnecessary to set the reactive reach of the phase selection element for the
ph-ph faults according to the condition:

X1PPpys > X1PPy,,

(Equation 157)

Setting condition for thereach in the resistive direction depends on the line angle, as set
by zone setting elements:
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dline = atan

(Equation 158)

The following condition apply, if the line angle is greater than 70 degrees:

RFPP,,s >RFPP,,,

(Equation 159)

The following condition apply, when the line angle is less than 70 degrees.

RFPPpys > 2 (R1PP +RFPP,,, —0.72 (X1PP,,,

(Equation 160)

Phase selection at three-phase faults

Figure 55 presents an operate characteristic of phase selector for athree phasefault. The
characteristic is presented together with the zone operate characteristic in loop domain.

Phase selection elements for ph-ph faults operate also at three-phase faults. Their oper-
ating characteristic isin this case rotated anti-clockwise 30 degrees and expanded with
the factor (2/v3).

This appliesfor the operate characteristic of the phase selection element, but not to the
directional characteristics.
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Figure 55: Phase selection operate characteristic at three-phase faults.
It isalso necessary to check the limit operate conditions at three-phase faults, when set-

ting the reach of the phase selection elements for the ph-ph faults. It is necessary to se-
cure the following relation:

RFPPpyg >1.82 [R1PP,y + 0.32 (X1PP,y, +0.91 (RFPP,,,

(Equation 161)
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Index PHS designates the parameters rel ated to the phase sel ection elements. Index ZM
designates the parameters related to the distance protection zone measuring elements.

It is also necessary to secure sufficient margin towards the minimum load resistance

R min (seethe document “Distance protection” for more detailed definition of theload
impedance). The following condition appliesin this case:

RFPPp s <1.35 (R, 1in
(Equation 162)

139



Power swing detection (PSD) Chapter 4
Line impedance

5.1

140

Power swing detection (PSD)

Application

General

Various changes in power system may cause oscillations of rotating units. The most
typical reasonsfor these oscillations are big changesin load or changesin power system
configuration caused by different faults and their clearance. As the rotating masses
strive to find a stable operate condition, they oscillate with damped oscillations until
they reach the final stability.

The extent of the oscillations depends on the extent of the disturbances and on the nat-
ural stability of the system. The oscillation rate depends a so on theinertia of the system
and on the impedance between different generating units.

These oscillations cause changes in phase and amplitude of the voltage difference be-

tween the oscillating parts of the power system. This causes changesin power flow be-
tween two oscillating parts of the system - the power swings from one part to another -
and vice-versa.

Impedance locus at ppwer swing

<l

Figure 56. Impedance plane with the locus of the measured impedance and operate
characteristics of the zone measuring elements.

99000158.vsd
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Distance relays see these power swings as the swinging of the measured impedance in
relay points. The measured impedance varies with time along alocus in an impedance
plane (see figure 56). Thislocus can enter the operate characteristic of a distance pro-

tection and causes, if no preventive measures have been considered, its unwanted oper-
ation.

Basic characteristics

The power swing detection function (PSD) is optionally available in most of the REx
5xx terminals, which include al so the line distance protection function. Please, refer to
the ordering information for each terminal separately.

The PSD function detects reliably power swings with periodic time of swinging aslow
as200 ms(i.e. slip frequency as high as 10% of the rated frequency on the 50 Hz basis).
It detects the swings under normal system operate conditions as well as during dead-
time of asingle-pole reclosing cycle.

The function is able to secure selective operation for internal faults during power
swings, when used together with optional power swing logic (PSL) and some additional
functions, available within the REx 5xx terminals. The operation of the distance protec-
tion function remains stable for external faults during the power swing condition, even
with the swing (electrical) centre on the protected line.

Functionality

Theory of operation

The operation of the PSD function is based on the measurement of the transition time
needed for the transient impedance to pass the area between the outer and the inner im-
pedance characteristic of the PSD function, see figure 57.
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Figure 57: Operating principle and characteristic of the PSD function.

The impedance measuring principle is based on the same impedance measuring al go-
rithm as used by the distance protection zone measuring elements (see the document

“Distance protection”).

The impedance measurement within the PSD function is performed by solving the fol-
lowing equations (n =1, 2, 3 for each corresponding phase):

(Equation 163)
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Where:
Xset corresponds to the reactive reach setting values X1IN for the internal and
(KX . X1IN) for the external operate characteristic of the PSD function and
Rget corresponds to the resistive reach setting values R1IN for the internal and
(KR . R1IN) for the external operate characteristic.
Design

Basic detection logic
The PSD function can operate in two operating modes:

» The"1-0of-3" operating mode is based on detection of power swing in any of three
phases. Figure 58 presents acomposition of adetection signal PSD-DET-L1 inthis
particular phase. The internal signal PSD-CONS.-int. isrelated to the same signal
in figure

» The*"2-0of-3" operating mode is based on detection of power swing in at least two
out of three phases. Figure 59 presents a composition of the detection signals
DET10f3 and DET 20f3.

Signals ZOUTLn (external boundary) and ZINL n (internal boundary) are related to the
operation of the impedance measuring elementsin each phase separately (Ln represents
the corresponding phase L1, L2, and L 3) They areinterna signals, produced by the cor-
responding digital signal processors (DSPs).

All tP1 timersin figure 58 have the same settings. They serve the detection of initial
power swings, which are usually not as fast as the later swings are. The tP2 timers be-
come activated for the detection of the consecutive swings if the measured impedance
exitsthe operate areaand returns within the time delay, set on thetW waiting timer. All
tP2 timersin figure 58 have the same setting.
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Figure 59: Detection of power-swing for 1-of-3 and 2-of-3 operating mode.

Operating and inhibit conditions

Figure 60 presents asimplified logic diagram for a PSD function. The internal signals
DET1of3 and DET20f3 relate to the detailed logic diagrams in figure 58 and figure 59
respectively.

Selection of the operating modeis possible by the proper configuration of thefunctional
input signals PSD--REL 1PH, PSD--BLK 1PH, PSD--REL 2PH, and PSD--BL K2PH
(seethe signal list in the appendix to this document).
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Figure 60: PSD function - simplified block diagram.

There are four different waysto form the internal INHIBIT signal:

* Logical 1 on functional input PSD--BLOCK inhibits the output PSD--START sig-
nal instantaneously.

* ThelINHIBIT internal signal becomeslogica 1, if the power swing has been detect-
ed and the measured impedance remains within its operate characteristic for the
time, which is longer than the time delay set on tR2 timer. It is possible to disable
this condition by connecting the logical 1 signal to the PSD--BLKI101 functional in-

put.
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e ThelINHIBIT internal signal becomeslogical 1 after the time delay, set ontR1 tim-
er, if the power swing appears before the functional PSD--IOCHECK becomes |og-
ical 1. It is possible to disable this condition by connecting the logical 1 signal to
the BLK102 functional input.

* ThelINHIBIT logical signals becomeslogical 1, if the functional input PSD--
IOCHECK appears within the time delay, set on tEF timer and the impedance has
been seen within the outer characteristic of the PSD operate characteristic in all
three phases. This function prevents the operation of the PSD function in cases,
when the circuit breaker closes on persistent single-phase fault after single-pole
auto-reclosing dead time, if theinitial single-phase fault and single-pole opening of
the circuit breaker causes the power swing in the remaining two phases.

Calculations

Setting instructions
The parameters for the power swing detection functions are set viathe local HMI or

PST (Parameter Setting Tool). Refer to the Technical reference manual for setting pa-
rameters and path in local HMI.

Setting the reach of the inner characteristic

Set the reach of the inner characteristic R1IN in the resistive direction (see figure 61)
aswell as X1IN in the reactive direction, so that the inner operate characteristic com-
pletely covers al distance protection zones, which are supposed to be blocked by the
PSD function. It is recommended to consider at least 10% of additional safety margin.
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Figure 61: Operating characteristic of the PSD function
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Set the reach of the outer characteristic as a multiple of areach for the inner character-
istic. KR and KX arethe setting parameters, expressed in percentages of the set reaches
in resistive (R1IN) and reactive (X 1IN) direction for the inner operate characteristic.

KR = 100 (RLOUT

R1IN

and

(Equation 164)
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10UT

KX = 100 X1IN

(Equation 165)

R1OUT and X1OUT are the calculated values of the reach for the outer characteristic.
Also observe the fact, that the minimum values for KR and KX are equal to 120%.

Limitation of the resistive reach

The reach in the resistive direction should not exceed more than 80% of the minimum
load resistance R|_ - Thisstands for both the reach of theinner aswell asfor thereach
of the outer characteristic.

R1IN< 0.8 (R min

(Equation 166)
and
KR <80 roLmin
= R1IN
(Equation 167)
Determination of the impedance difference and speed
Theresistive transition area, which is equal to:
AR = R10OUT-R1IN
(Equation 168)

should be set as wide as possible, considering the limitations for covering the desired
distance protection zones and not entering the load impedance area. At the same time,
it depends on the maximum required initial speed of the impedance, which should still
be recognised as apower swing and not as afault. Theinitial speed of impedance must
be determined by the system studies. It isrecommended to try thefirst iteration with the
default time delay for the tP1 timer, which is 45 ms, and calculate, if the set speed of
the transition impedance corresponds to the condition:

R1OUT —R1IN _ [AZ]
tP1 UatUreq

(Equation 169)
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The expression:

(DZ/Ab) o

(Equation 170)

represents the maximum required speed of impedance, which should still be recognised
asaninitial power swing. Reduce the setting of the tP1 time delay only, if the upper
condition can not be satisfied with the resistance settings on their specified minimum
and maximum possible values.

System studies also determine the maximum possible speed of the transition imped-

ance. Set the tP2 timer so, that the maximum detectable speed of the transition imped-
ance satisfies the condition:

R1OUT —R1IN _ (AZ7

tP2 ” Aty
(Equation 171)
The expression :
(AZ/ D) hax
(Equation 172)

represents the maximum required speed of impedance, which should still be recognised
as apower swing within the devel oped stage.

Reactive reach

The reactive transition area should generally be equal to the resistive transition area. If
supposed, that the reactivereach of theinner characteristic is determined by thedistance
protection zone reach and equal to X1IN, then the reactive multiplication factor must
be equal to:

_ R1IN (KR .0
KX = 100 E[x1|N E%oo 1D+l]

(Equation 173)

Set the KX to 120%, if the calculation requires a value less than 120%.
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tH hold timer

System studies should determine the settings for the hold timer tH (see “ Functional -
ity”). The purpose of thistimer is, to secure continuous output signal from the PSD
function during the power swing, even after the transient impedance |eaves the PSD op-
erate characteristic and is expected to return within a certain time due to continuous
swinging. Consider the minimum possible speed of power swinging in aparticular sys-
tem.

tR1 inhibit timer

ThetR1 inhibit timer delaystheinfluence of the detected residual current on the inhibit
criteriafor the PSD function. It prevents operation of the function for short transientsin
the residual current measured by the terminal.

tR2 inhibit timer

The tR2 inhibit timer disables the output PSD--START signal from the PSD function,
if the measured impedance remains within the PSD operate areafor atime, longer than
the set tR2 value. Thistime delay was usually set to approximately two secondsin older
power-swing devices.

tEF timer for reclosing on persistent single-phase faults

The setting of the tEF timer must cover, with sufficient margin, the opening time of a
circuit breaker and the dead-time of a single-phase auto-reclosing together with the
breaker closing time.
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Power swing logic (PSL)

Application

Power swing logic (PSL) is a complementary function to the power swing detection
(PSD) function, see section “ Power swing detection”. It enablesareliablefault clearing
for different faults on protected lines during power swingsin power systems.

It isageneral goal, to secure fast and selective operation of protection scheme for the
faults, which occur on power lines during power swings. It is possible to distinguish be-
tween the following main cases:

» Afault occurson aso far healthy power line, over which the power swing has been
detected and the fast distance protection zone has been bl ocked by the PSD el ement.

» The power swing occurs over two phases of a protected line during the dead time
of asingle-pole auto-reclosing after the Ph-E fault has been correctly cleared by the
distance protection. The second fault can, but does not need to, occur within this
timeinterval.

» Fault on an adjacent line (behind the B substation, see figure 62) causes the mea-
sured impedance to enter the operate area of the PSD function and, for example, the
zone 2 operating characteristic. Correct fault clearance initiates the power swing so
that the locus of the measured impedance continues through the zone 1 operating
characteristic and causes its unwanted operation, if no preventive measures have
been taken, see figure 62.
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Figure 62: Initial power swing after clearance of an external fault.

The power swing logic and the basic operating principle of the power swing detection
(PSD) function operatesreliably for different faults on parallel power lineswith detect-
ed power swings. It is, however, preferred to keep the distance protection function
blocked in cases of single-phase-to-earth faults on so far healthy lines with detected
power swings. In these cases, it is recommended to use an optionally available direc-
tional overcurrent earth-fault protection with scheme communication logic. It is aso
possibleto useatime delayed directional O/C EF protection without communication or
even atime delayed non-directional O/C EF protection.
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Functionality

Theory of operation

REX 5xx seriesline distance protection terminals comprise generally up to five distance
protection zones. It is possible to use one or two of them for selective fault clearing dur-
ing power swings. Following are the basic conditions for the operation of so called (un-
derreaching and overreaching) power-swing zones:

»  They must not be blocked during power swings.

» Their operation must be time delayed but shorter (with sufficient margin) than the
set time delay of normal distance protection zone 2, which is generally blocked by
the power swing.

» Their resistive reach setting must secure, together with the set time delay for their
operation, that the slowest expected swings pass the impedance operate area with-
out initiating their operation.

Their operation is conditioned by the operation of the PSD function. They operatein
PUTT or POTT communication scheme with corresponding distance protection zones
at the remote line end. It is preferred to use the communication channels over the op-
tionally available “remote end data communication modul€” and the “binary signal
transfer to remote end” function. Itisalso possibletoinclude, in an easy way (by means
of configuration possibilities), the complete functionality into a regular scheme com-
munication logic for the distance protection function. The communication scheme for
theregular distance protection does not operate during the power-swing conditions, be-
cause the distance protection zones included in the scheme are normally blocked. The
power-swing zones can for thisreason use the same communication facilitiesduring the
power-swing conditions.

Only one power swing zoneis necessary in distance protection at each lineterminal, if
the POTT communication is applied. One underreaching power swing zone, which
sends the time delayed carrier signal, and one overreaching power swing zone, which
performsthe local tripping condition, are necessary with PUTT schemes.

The operation of the distance protection zones with long time delay (zone 3, for exam-
ple) isin many cases not blocked by the power swing detection elements. This allows
the distance protection zone 3 (together with the full-scheme design of the distance pro-
tection function in REx 5xx terminals) to be used at the same time as the overreaching
power-swing zone.

A special part of the PSL is provided to control the operation of the underreaching zone
(zone 1) for the power swings developed by the faults on remote lines and their fast

clearance by the corresponding relays, seefigure 62. The logic prevents the zone 1 for
acertain period, to issue atripping command, if the fault impedance has been initially
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detected only within the reach of a higher distance protection zone and afterwards en-
tered the zone 1 without being detected outside the external operating boundary of the
PSD element.

Design

Communication and tripping logic as used by the power swing distance protection
zonesis schematically presented in_figure 63.
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Figure 63:  Simplified logic diagram - power swing communication logic.

The complete logic remains blocked as long as there is alogical one on the PSL --

BLOCK functional input signal. Presence of the logical one on the PSD--STDEF func-
tional input signal also blocks the logic as long as this block is not released by the log-
ical one on the PSD--AR1P1 functional input signal. The functional output signal PSL-
-BLKZMPP remainslogical one aslong asthe function isnot blocked externally (PSL-
-BLOCK islogical zero) and the earth-fault is detected on protected line (PSD--STDEF
islogical one), which is connected in three-phase mode (PSD--AR1P1 islogical zero).
Timer tBIKTr prolongs the duration of this blocking condition, if the measured imped-
ance remains within the operate area of the PSD function (PSL--STPSD input active).
The PSL--BLKZMPP could be used to block the operation of the power-swing zones.

Logical oneon functional input PSL--CSUR, which isnormally connected to the ZMn-
-TRIP functional output of a power swing underreach zone, activates functional output
PSL--CS, if the function is not blocked by one of the above conditions. It also activates
the PSL--TRIP functional output.
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Initiation of the PSL--CS functional output is possible only, if the PSL--STPSD input
has been active longer than the time delay set on the security timer tCS.

Simultaneous presence of thefunctional input signals PSD--CA CC and PSD--CR (local
trip condition) also activates the PSL--TRIP functional output, if the function is not
blocked by one of the above conditions and the PSL--STPSD signal has been present
longer then the time delay set on the trip timer tTrip.

Figure 64 presentsthelogical circuits, which control the operation of the underreaching
zone (zone 1) at power swings, caused by the faults and their clearance on the remote
power lines.
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Figure 64: Control of the underreaching distance protection zone (zone 1) at power
swings caused by the faults on remote lines.

Thelogic is disabled by alogical one on functiona input PSL--BLOCK. It can start
only if the following conditions are simultaneoudly fulfilled:

e PSL--STPSD functional input signal must be alogical zero. This means, that the
PSD function must not detect power swinging over the protected power line.

* PSL--STZMPSD functional input must bealogical one. Thismeansthat theimped-
ance must be detected within the external boundary of the PSD function.

* PSL--STZMH functional input must bealogical one. Thismeansthat thefault must
be detected by the higher distance protection zone, for example zone 2.
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ThePSL--STZMLL functional output, which can be used in complete terminal logicin-
stead of anormal distance protection zone 1, becomes active under the following con-
ditions:

e |fthePSL--STZML signal appearsat the sametime asthe PSL--STZMH or if it ap-
pears with atime delay, which is shorter than the time delay set on timer tDZ.

* IfthePSL--STZML signal appears after the PSD--STZMH signal with atime delay
longer than the delay set on the tDZ timer, and remains active longer than the time
delay set on thetZL timer.

The PSL--BLKZMH functional output signal can be used to block the operation of the
higher distance protection zone, if the fault has moved into the zone 1 operate area after
tDZ time delay.

Calculations
Setting

Time delay for the underreaching zone

Time delay for the underreaching power swing zone should be set shorter (with suffi-
cient margin) than the time delay of normal distance protection zone 2 to obtain selec-
tive time grading also in cases of faults during power swings. The necessary time
difference depends mostly on the speed of the communication channel used, speed of
the circuit breaker used, etc. Time difference between 150 msto 200 msis generaly
sufficient.

Power swing zones

Set the reactive reach for the power swing zones according to the system selectivity
planing. The reach of the underreaching zone should not exceed 85% of the protected
line length. Thereach of the overreaching zone should be at least 120% of the protected
line length.

Determine the minimum possible speed:

(AZ/At) min
(Equation 174)

of the power swings in secondary ohm/s. Calculate the maximum permissible resistive
reach for each power swing zone separately according to the following conditions.

Consider in all cases also the usual setting limits, as specified for the normal distance
protection zones. See the document “ Distance protection”.
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Ph-E measurement
Setting of the resistive reach should follow the expression:

RFPE < min[RFPE, RFPE,|

(Equation 175)

Where:

- B _
RFPE; = {y [NPE-(R1PE+05[X1PE)

(Equation 176) and

_ [z 1nPE
RFPE; = Ga [?—2

(Equation 177)

Parameters RFPE, R1PE, X 1PE and tnPE are the zone n setting parameters, see the doc-
ument “ Distance protection” .

Ph-Ph measurement
Setting of the resistive reach should follow the expression:

RFPP <min [RFPP; RFPP,|
(Equation 178)

Where:

_ 20 _
RFPP, = 2 I:[DAtDmin [InPP - (R1PP +0.5 D(lPP)] and

- B0
RFPP, = [pr  LnPP
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Parameters RFPP, R1PP, X 1PP and t1PP are the zone n setting parameters, see the doc-
ument “ Distance protection”.

Time-delay for the overreaching zone

Time delay for the overreaching power swing zoneis not an important parameter, if the
zone is used only for the protection purposes at power-swings.

Consider the normal time grading, if the overreaching zone serves as a time delayed
back-up zone, which is not blocked by the operation of the PSD function.

Timers within the power swing logic

Settings of the timerswithin the PSL depend in great extent on the settings of other time
delayed elements within the complete protection system. These settings differ within
different power systems. The recommended settings consider only the general system
conditions and the most used practice at different utilities. It is always necessary to
check the local system conditions.

Carrier-send timer tCS

The tCStimer is used for safety reasons within the logic. It requires continuous pres-
ence of the PSL--STPSD signal, before it can issue a carrier send signal. A time delay
between 50 and 100 msis generally sufficient.

Trip timer tTrip

Thetimer isused for safety reasons within the logic. It requires continuous presence of
the PSL--STPSD signal, before it can issue a tripping command during the power-
swings. A time delay between 50 and 100 msis generally sufficient.

Blocking timer tBIkTr

The tBIKTr timer prolongs the presence of the PSL--BLKZM PP output signal, which
can be used to block the operation of the power swing zones after the detected single-
phase-to-earth faults during the power swings. It is necessary to permit the O/C EF pro-
tection to eliminate theinitial fault and still make possiblefor the power swing zonesto
operate for possible consecutive faults. A time delay between 150 and 300 msis gener-
aly sufficient.

Differentiating timer tDZ

Setting of the tDZ timer infOluencesin great extent the performance of the protection
during the power swings, which devel ops by occurrence and clearance of the faults on
remote power lines. It is necessary to consider the possibility for the faults to occur
closeto the set reach of the underreaching distance protection zone, which might result
inlonger operate times of zone 1 (underreaching zone) compared to zone 2 starting time
(overreaching zone). A setting between 80 and 150 msis generally sufficient.
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Release timer tZL

The tZL timer permits unconditional operation of the underreaching zone, if the mea-
sured impedance remains within its operate characteristic longer than the set time tZL.
Its setting depends on the expected speed of theinitial swings and on the setting of the
timedelay for the overreaching zone 2. Therelease timer must still permit selectivetrip-
ping of the distance protection within the compl ete network. A setting between 200 and
300 msis generally sufficient.
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Pole slip protection (PSP)

Application

Sudden eventsin an electrical power system such as large jumpsin load, fault occur-
rence or fault clearance, which disturb the balance of energy in the system, can cause
oscillations of mechanical masses referred to as power swings. In arecoverable situa-
tion the oscillations will decay and stable operation will be resumed; in a non-recover-
able situation the power swings become so severe that the synchronism islost between
the generators of the system, a condition referred to as pole dipping. In the case of pole
dipping, the excitation of the machinesis generally intact, but there are strong oscilla-
tions of real and reactive power.

Even though the modern power systems are designed and operate with high degree of
security against power swings and even more against pole slipping, these two phenom-
ena may occur especially during abnormal system conditions.

If the pole slipping condition is allowed to persistsin smaller parts of a power system
than other machines may follow and the stability of a system asawholeisin danger.
Apart from the electrical phenomena, oscillations of mechanical masses al so exposethe
generators and other equipment to considerable pulsating mechanical stresses.

Available technology and the costs of the corresponding protection devices dictated in
the past the use of the pole slip protection relays only close to the power generators.
They were for this reason treated as a part of a generator protection scheme. Their use
deeper in the network was not so common. Such approach resulted often in unselective
splits of aready troubled power systems, which have lost some valuable generating ca-
pacities.

Modern, functional library oriented approach within the microprocessor based protec-
tion terminals makes it possible to utilize the pole dlip protection function more often
and deeper in the power network. Thisway it enables better selectivity of the pole slip
protection and intact power generation in different islands. A separate pole dip protec-
tion function still remains as a dedicated generator protection in the vicinity of synchro-
nous machines, to protect them against the oscillations which could harm in great extent
their functionality

The Pole Slip Protection (PSP) function as built in REx 5xx protection, control and
monitoring terminals, and described in this document comprises all functionality nec-
essary for the detection, eval uation and corresponding reaction on the pole slipping phe-
nomenain power systems. It is applicable together with different line protection
functions (distance protection, line differential protection) deeper in the power network
aswell asapart of a generator protection system in power plants.
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Oscillations of mechanical masses in power system
Figure 65 presents a two machine system with a power line between busbars A and B.

The electromotive forces Ep and Eg can differ in their magnitude. It isimportant, that
their relative phase angle

(Equation 179)
changes with time. The voltage difference
UD = EA - EB
(Equation 180)

changes in its magnitude and direction and causes this way the current between both
generators to change accordingly.
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Figure 65: Two machine system.

Figure 66 presents an example of the voltage and current measured in one phase of a
line between two generators during the oscillations caused by the changing of the rela-
tive angle d. The minimum value of current corresponds to the minimum angle between
the electromotive forces. The maximum value of the current corresponds to the condi-
tion when the voltages

(Equation 181)
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and

Es
(Equation 182)

have the opposite direction.
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Figure 66. Current (solid line) and voltage (dashed line) in relay point during the pole
slip condition.

Oscillations in measured voltage and current reflect naturally also in impedance, mea-
sured by the impedance (distance) relays.

Figure 67 @) and 67 b) present two examples of theimpedance trajectoriesin impedance
plane during the system oscillations. Both figures include also the example of an oper-
ating characteristics of amodern distance protection. The measured impedance can en-
ter the operating area of the distance protection and causes its unwanted operation. Itis
for this reason necessary to detect the oscillations and prevent such unwanted opera-
tions before the measured impedance enters the distance protection operating character-
istics.
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a) b)
Figure 67: Impedance trajectories in relay point during the pole slip (figure a) and
power swing (figure b) phenomena.

The recoverable oscillations are understood under the expression "power-swing”. The
generators in a two-machine system remain during the disturbance in synchronism.
They only change their relative angle d from one to another value over atransient peri-
od. Theimpedance locus might enter the operating characteristic of the distance relay
(see Figure 67 b), but generally does not cross the complete R-X plain.

In anon-recoverabl e situation the oscillations are so severe, that the synchronismislost
between the generators of a system. The condition isreferred to asapole-slip. At least
one generator starts to change its frequency and the resulting slip frequency may in-
crease up to 10 Hz (in 50 Hz system).

The measured impedance usua ly entersthe distance relay’s operating characteristic and
crosses the complete impedance plain, as presented schematically on Figure 67 a.

Oscillations during abnormal system conditions

Modern power systems operate very closeto their technical limitsbut are also built with
higher security against the mechanical oscillations than ever before. Today it is nearly
impossible to start the oscillations only by very big difference in produced and con-
sumed power. At the same time some short oscillations are much more frequent than
before. They areinitiated by some bigger events (faults) in power systems and disap-
pear relatively fast after the normal operating conditions have been restored (e.g. single-
pole autoreclosing).

Figure 68 presents an impedance trajectory as seen on protected power line by adis-
tance protection function in phase L2 during the dead time of a single pole autoreclos-
ing, after the single phase-to-earth fault L 1-N has been cleared. The circuit breaker has
been successfully closed after the dead time of the single pole autoreclosing has ex-
pired.
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Figure 68: Impedance trajectory as seen by a L2-N impedance measuring element.
The remarks on Figure 68 have the following meaning:

1. Load impedance in phase L2 during normal operating conditions.

2. Impedance measured during the L1-N fault.

3. Impedance trajectory and its direction during the dead time of a single pole autore-
closing in phase L1.

4. Operating characteristic of the line distance protection.

The impedance as measured by a healthy phase measuring elements (phase L2 in case
on Figure 68 might enter the operating area of the distance protection in impedance
plain and initiate an unwanted trip. Modern distance protection devices must incorpo-
rate a corresponding functionality, which detects the oscillations in each phase sepa-
rately and prevents the unnecessary operation of the main protection function.
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The oscillation in power system should be recognized preferably by the measuring ele-
ments, if detected simultaneously in more than one phase. The operating logic, which
requires the detection in two out of three phases increases in great extent the security
and dependability of an applied protection schemein special operating conditions, like:

» Oscillations during dead time of single pole auto-reclosing.
» Slow increaseof initial fault currents at different kinds of high resistive earth faults.

A special logic circuit, as applied in the pole dip protection used by the REx 5xx termi-
nals makes possible an adaptive use of the so called "one out of three" or "two out of
three" phase detection criteria. This possibility becomesimportant for the correct detec-
tion of the oscillationsin power systemswith multipole tripping and reclosing function
applied on double-circuit parallel operating EHV transmission lines.

Speed of oscillations

Figure 69 presents informatively the phase currents as recorded at one end of the pro-
tected 500 kV transmission line during the pole-slip situation in a power system. The
oscillations have been initiated by a single-phase-to-earth fault in phase L1 (increased
magnitude of the phase current).
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'
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3238, 4L

Figure 69: Phase currents in relay point during the pole slip conditions caused by a
LI-N fault.

The pole-slip frequency isin most cases not constant. The initial oscillation speed is

generally low and increases with time if the system starts the non recoverable oscilla
tion.
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The described dependency might influence the dependability of the distance protection
scheme at slowly developing single-phase-to-earth faults. It can at the same time jeop-
ardize the security of the same protection scheme when the oscillations obtain higher
speed. The pole dip protection in REx 5xx terminals uses the adaptive criteriafor the
impedance speed to distinguish between the slow initial faults and increased speed of
the measured impedance at consecutive oscillations.

Requirements on protection systems during pole slip conditions in network

Two, generally contradictory requirements apply today on the protection systemswhen
mechanical massesin power systems start to oscillate. The requirements depend on the
general role, which the protected element plays within the power system.

Figure 70 presents a transmission line connecting a big production (power plants) with
therest of the power system, which depends very much on the delivered electric energy
from the external resources.

The goal in such caseis to keep the protected element (power line) of a power system
in operation under all system conditionsaslong as possible. Thisrequirement isextend-
ed even to emergency conditions, i.e. two phase operation of power line during dead
time of asingle-pole autoreclosing. It is at the same time expected from the line protec-
tion system to operate selectively for al line faults, which may occur during the oscil-
lations. In such case it is recommended to use within the REx 5xx terminals the so
called Power Swing Detection (PSD) function together with Power Swing Logic (PSL).

( ) TRANSMISSION LINES

GENERATION

99001024 .vsd

Figure 70: Power line delivering the electrical power to the consuming area.

Generator protection must prevent damages to the generators in the power plant inde-
pendent of al other system conditions. The pole slip protection isin such case used
closed to the generators.
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The second typical network configuration is presented in Figure 71. Inter-connection
transmission lines connect two big and generally independent power systems. Mechan-
ical oscillations appear in this case between two different systems and are dangerousfor
the stability of each system separately.

TRANSMISSION

SYSTEM A LINE

99001025.vsd

Figure 71: Transmission lines interconnecting two big power systems.

The goal in this particular case of a pole slip situation isto trip selectively (from the
power system point-of-view) the connecting element(s) between two different systems.
The disconnection of a healthy power lineis not selective in a classical way of under-
standing, but prevents the total collapse of at |east one independent system. The pole
dip protection isin such caseinstalled on the interconnection lines and sometimes even
deeper in each power system.

Oscillations and faults in power system

It has been already mentioned that the oscillations in modern power systems appear as
the consequences of sudden changes, caused either by big changes of aload or by dif-
ferent faults. Faults on different elements may appear also during the mechanical oscil-
lations. Very high demands are put today in such cases on modern protection
equipment. The modern power utilities permit no more any decrease of either depend-
ability or security of the protection systemsfor the faultsin primary system when their
mechanical masses oscillate due to one or another reason. The protection system must
remain stable for all kinds of external faults and must operate reliably for all internal
faults. Some longer operating times are acceptable but should not jeopardize the com-
plete system selectivity.

Integration of different protection functions within the same modern numerical protec-
tion terminals makes it possible to combine their operation and program their interde-
pendence under different system operating conditions. Fast devel opment of modern
digital communication systems increases additionally the application of such adaptive
functionality.
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Functionality

Theory of operation

Measured impedance in relay point on a protected power line (seefigurein “Applica-
tion”) may follow different trgectories when the generators of atwo machine system
start to oscillate. Some of the most characteristic trajectories are presented on figure 72.

99001026.vsd

SA

Figure 72: Impedance trajectories during oscillations in power system and basic op-
erating characteristics of the pole slip protection.
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The impedance measuring device is located in the origin of the R-X plane. The Zgp
source impedance is located behind the relay. The Zgg source impedance presents the
continuation of the line impedance Z| . The complete impedance between the ends of
vectors Zgp and Zgg is called a system impedance Zg. The magnitude and the position
of the system impedance within the impedance plain determines the electrical centre of
the possible oscillation. The electrical center Z- islocated in the middle of the system
impedance, when both EMFs have the same magnitude.

ZS = ZSA+ZL+ZSB = RS +jXS

(Equation 183)

Zco =

NI

[Zs-Zsa = Reo +iXco

(Equation 184)

The following equation apply in general conditions, when the EM Fs at both generators
arenot equal:

(Equation 185)

The oscillation detection characteristics 1 and 2 in figure 72 are in their resistive part
parallel to the system impedance as long as its characteristic angle ¢ gexceeds 75 de-
grees. The same applies also to the resistive tripping characteristics 3 and 4.

= atan 280
bg = atan[RS[|

(Equation 186)

The reactive tripping characteristics 5 and 6 (see figure 72) are rectangular on the sys-
tem impedance characteristic and form with the R axis an angle of

o —90°

(Equation 187)
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(Equation 188)

Impedance trajectory 7 on figure 72 presents atypical trajectory during a (probably) re-
coverable power swing, when the load current flows from A towards B (see figurein
“Application”). Similarly presents the impedance trajectory 8 a power swing, which
started from the reverse load condition. Characteristic for both trgjectoriesisthat they
do not pass the compl ete system impedance, which means that thereis no pole slip con-
dition in power system. The second trajectory passes the |eft tripping characteristic (4
on figure 72), which could be a necessary condition for the non-recoverable oscillation
and might require atripping action.

Impedance trgjectories 9, 10, 11, and 12 on figure 72 are characteristic for the pole slip
conditions. They pass the system impedance line and complete impedance plain. Their
shapes depend on particular system conditions. The measured impedance would follow
the 12 trgjectory only in case, when E, and Eg voltages have exactly the same magni-
tude. Trajectory 9 is characteristic for the case when

|Eal > [Esl
(Equation 189)

and trgjectory 11 for the opposite case.

The results of system studies should determine the necessary operating conditions for
the pole dlip protection in different situations.

Detection of the oscillations and transitions

The operating principle used for the detection of the oscillations over the protected pri-
mary element is based on awell proven

(AZ)/ (At)
(Equation 190)

method as presented schematically in figure 73.
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Anoscillationisrecognized by the measuring element if the measured impedance needs
to change from aZEXT external impedance boundary to a ZINT internal impedance
boundary (se also boundaries 1 and 2 on figure 72) atime, whichislonger than the time
A\ set on the corresponding timer. Faster changes of the measured impedance are rec-
ognized as faults.

Power swing and pole dlip are not only a three-phase phenomena. It isfor this reason
necessary to monitor the impedance in each phase separately. The pole slip protection
in REx 5xx terminals has built-in oscillation detectors in each phase separately.

Impedance may change relatively slow also at developing high resistive faults, which
might influence the unwanted operation of the oscillation detectors, when set to detect
the oscillations with the highest possible speed (slip frequency up to 10Hz). The pole
dlip protection in REx 5xx terminals has a built in adaptive criterion. The operation of
this criterion is based on the fact that the initial oscillations are usually slow. They in-
creasetheir speed after a certain number of slips. First oscillations are thisway detected
by atimer (see figure 73) with longer set time delay. The consecutive oscillations are
detected by an additional timer, which has its operating time set shorter to be able to
detect also the high speed oscillations

ZEXT

L {g Hn
ZINT G iz,

Impedance tyajectory

v |

7 I R

OSCILLATION

v
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Figure 73: Detection of the oscillation by the (DZ)/(Dt) method.
The oscillation is recognized as atransition only, if the transition impedance enters the

impedance operating characteristic (seefigure 72) at one side of the impedance plane
and leavesit on the other side. Two different transitions are recognized by the PSP:
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e Transition from forward to reverse (FWRv), when the measured impedancefirst en-
terstheright side (R) or upper part (X) and leaves at theleft (-R) or bottom (-X) part
of the oscillation detection characteristic.

e Transition from reverseto forward (RvFw), when the measured impedancefirst en-
tersthe left (-R) or bottom (-X) part and leaves at the right (R) or upper (X) part of
the oscillation detection characteristic.

Itisnot aways necessary to trip the circuit breaker after that the first pole slip has been
detected. Thisespecialy appliesto recoverable slips, which occur during the abnormal
system conditions. If one slip occurs during the dead time of a single pole autoreclosing
on apower lineitis still possible that the system will recover after the circuit breaker
reconnects the third phase (see examplein figure in “Oscillations during abnormal sys-
tem conditions” in “ Application”). However, if more consecutive slips occur, thanitis
better to disconnect the line and prevent this way the collapse of a complete system as
well as big electrical and mechanical stresses of the primary equipment. The PSP in
REXx 5xx terminals has built in counters, which count the number of the consecutive
dipsin the system. Separate counters count:

* Thesdlipswhich enter the impedance area between the reactive tripping characteris-
tics5 and 6 (see figure 72).

» Thedlipswith remote electrical centers, which enter the inner boundary of the os-
cillation detection characteristic (boundary 2 on figure 72), but remain outside the
first operating area.

Settings of the resistive reach for the external and for the internal boundary of the os-

cillation detection element depend on the minimum load impedance Z| ,i,, of the pro-
tected element, which is calculated according to the equation:

2

- (U, )
Zimin = ___mln
Smax
(Equation 191)
Where:
UninlkV] Minimum possible system phase to phase voltage (real value).
Smax[MVA] Maximum possible loading of a protected element.

The resistive reach of the external boundary depends on the line length as follows.
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RLIEXT = |Zmin K,

(Equation 192)

The K| factor depends on the line length and has the following values:

« K =0.9for lineslonger than 150 km
+ K =0.85 for lines longer than 80 km and shorter than 150 km
+ K =0.8for lines shorter than 80 km

The corresponding load angle is this way equal to:

M}

Bext = 2 Ema”[ 2 CRIEXT

(Equation 193)

Maximum frequency fg of theinitial slipsismostly between 2Hz and 3Hz. It should be
known from the system stability studies. The suggested setting valuefor theinitial timer
tP1 is 45ms. The corresponding value of the internal load angle is this way equal to:

&, = 360 O ; P1 +9J,,,
(Equation 194)

This determines the required setting of the internal resistive boundary:

RUNT = [Zsa+ 2L+ Zse|

inf]
2 EtanD >0

(Equation 195)

Setting for the tP2 timer, determining the maximum dlip frequency for the consecutive
dips, follows the equation:

(Equation 196)
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fsmisamaximum dip frequency of the consecutive slips, which are still supposed to be
detected by the pole slip protection.

The PSPissues atripping command after any of countersreaches the set number of con-
secutive dips and the measured impedance passes one of the resistive tripping charac-
teristics (3 and 4 on figure 72).

Tripping on way in and on way out

The PSP protection in REx 5xx terminals has built-in two resistive tripping character-
istics (seefigure 74):

* Right tripping characteristic, which passes in the impedance plain the first and the
fourth quadrant.

« Lefttripping characteristic, which passesin the impedance plain the second and the
third quadrant.
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Figure 74. Left (4) and right (3) tripping characteristics and setting of their resistive
reach RILTR and LIRTR respectively.

Both tripping characteristics are parallel with the system impedance Z¢ as long as the
system characteristic angle
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$=75

(Equation 197)

In other cases the declination angle is automatically set equal to 75°.

The resistive tripping characteristics make possible to control the tripping angle be-
tween the EMFs of both generators and this way prevent extremely high electrical and
mechanical stresses of circuit breakers. Two operating modes are available, dependent
on which characteristic is selected for tripping at particular type of the impedance tran-
sition. If wesimplify the expressionsand equalize the characteristicswith their resistive
reach settingsR1L TR and R1RTR respectively, than thefollowing operating modes are
possible:

Operation “onway in” for the transition from forward to reverse (FwWRv). The PSP
will issue the tripping command, if the necessary number of FwRYv transitions has
been detected and the measured impedance enters the area left of the RIRTR oper-
ating characteristic (3 in figure 72 and figure 74).

Operation “onway out” for thetransition from forward to reverse (FwRv). The PSP
will issue the tripping command, if the necessary number of FwRYv transitions has
been detected and the measured impedance enters the area left of the RILTR oper-
ating characteristic (4 in figure 72 and figure 74).

Operation “onway in” for the transition from reverse to forward (RvFw). The PSP
will issue the tripping command, if the necessary number of RvFw transitions has
been detected and the measured impedance enters the area right of the RILTR op-
erating characteristic (4 in figure 72 and figure 74).

Operation “onway out” for thetransition from reverseto forward (RvFw). The PSP
will issue the tripping command, if the necessary number of RvFw transitions has
been detected and the measured impedance enters the area right of the RIRTR op-
erating characteristic (3 in figure 72 and figure 74)

It is possible to activate each operating mode separately, to suit the operation the best
to the particular system conditions.

Setting of the resistive reach for the left resistive tripping characteristic follows the
equations:

RILTR = Re(Z1LTR) +Im(Z1LTR) an(90° —¢)

(Equation 198)
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Z1L[TR = %DZS 1+— |7

tan (180 — ?LD

(Equation 199)

Seein figure 72 and figure 74 for the explanation of different parameters.

Setting of the resistive reach for the right tripping characteristic follows the equations:

RIRTR = Re[Z1RTRO-Im(Z1RTR) an(90 - ¢g)

(Equation 200)
Z1RTR = %DZS 1-—L—|-Zsa
tan 2R
020
(Equation 201)
Equations 13 to 16 are derived according to in figure 74, which means when
|Eal = [Esl
(Equation 202)

Thiscalculation satisfiesalso in great extent the system requirements, when both EMFs
differ in their magnitude.

Close-in and remote end tripping areas

The number of slips usually permitted by the pole slip protection islower for the dips
with electrical center closer to the relay point (within the protected element) and higher
for the slips with electrical center deeper in the network (external to the protected ele-
ment). The PSP in REx 5xx terminals has for this reason built-in apossibility to distin-
guish between the dips with close-in and remote electrical centers aswell asto
distinguish the number of slipsrequired for the tripping command in one or another re-
gion. Two reactance characteristics (5 and 6 in figure 72) divide the compl ete operating
areainto two different parts.
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Thefirst areaisaso called close-in operating area. Thisareaislimited intheimpedance
plain by four operating characteristics (3, 4, 5, and 6 in figure 72). The number of re-
quired dlipsfor tripping within this areais usually lower than the number of slips re-
quired for tripping in the remote tripping area.

The second areaisaso called remotetripping area. Thisareaislimitedintheimpedance
plain by the operating characteristics 2, 3, 4, and 5 in forward direction aswell as 2, 3,
4, and 6 in reverse direction (seefigure 72).

PSP also provides a delayed back-up trip (TRIPSUM) for oscillation in close-in oper-
ating areaor remote tripping area. Thistrip will work when the center of the oscillation
isdetected either on the protected line or on the neighbor line or next zone. In both cases
PSP compares the number of dipsto nDel, therefore, to enable this functionality TR-
Fast and TRDel should be set to ON.

Design

Thepoledlip protection in REx 5xx terminal s measures the phase impedance separately
in each phase according to the following eguation:

= U
Zmin = _#1
ILn
(Equation 203)
Where:
U are measured phase voltages (n = 1, 2,3)
ILn are measured phase currents (n =1, 2, 3)

Figure 75 presents the operating characteristic for the pole slip protection in impedance
plane with al the corresponding setting parameters. For detailed information on setting
parameters see the setting parameters in the “ Technical reference manua”.
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Figure 75: Operating characteristic of the pole slip protection with corresponding set-
tings in the impedance plane.

The phase impedances are calculated in adigital signal processor and the following bi-
nary signals are used later on within the functional logic:

ZOUTPSL nwhen the measured impedance entersthe external impedance detection
boundary in phaseLn (n=1, 2, 3). Seefigurein “Application”.

ZINPSLn when the measured impedance enters the internal impedance detection
boundary in phase Ln (n=1, 2, 3). Seefigurein “Application”.
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ZOUTPSL1

ZINPSL1

ZOUTPSL2

ZINPSL2

ZOUTPSL3

)

ZINPSL3

* FwRvLn when transition from forward to reverse direction has been detected in
phase Ln.

* RvFwLn when transition from reverse to forward direction has been detected in
phaseLn.

» Additional signals, which determine the position of the measured impedance re-
garding all specified operating characteristics. The positioning is performed in each
phase separately.

Detection of oscillations

The oscillations are recognized, if detected in one or two out of all three phases. The
user can select by the configuration, which of the operating modesis active during dif-
ferent system conditions. It ispossibleto have the oneout of three” mode active during
normal three-phase operating conditions and switch to “two out of three” mode during
the dead time of the single pole autoreclosing on a protected line

>
>1 | tP2
W & t
i
=
tP1
& t
\ "
tP1 s
& . >1 >1 DET10f3 - int.
\
tP1
\ &
>1 2
xx01000252.vsd

Figure 76: Simplified logic diagram for a one-out-of-three oscillation detection logic

The oscillation is detected in “ one out of three” operating mode (see figure 76 and 77)
if in at least one phase the time difference, when the measured i mpedance enters the ex-
ternal (ZOUTPSLN) and theinternal (ZINPSLn) impedance boundary, islonger than
thetime set on the tP1 timer. The output signal DET 1of3 remainslogica oneaslong as
the measured impedance in at least one phase remains within the external boundary.
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ZOUTPSL1

ZINPSL1

ZOUTPSL2

ZINPSL2

ZOUTPSL3

ZINPSL3

bl

The oscillation is recognized as the consecutive one, if the measured impedance re-en-
tersin at least one phase the external boundary within the time interval set on tW wait-
ing timer. In such case the tP2 timer becomes the relevant one for the determination of
a consecutive oscillation. This makes it possible to detect the consecutive slips with
higher speed than the initial one.

Figure 77 presentsasimplified logic diagram for the “two out of three” operating mode
of the oscillation detection logic. The basic operating principle is the same as for the
“one of three” operating mode with the difference that theinitial oscillation must be de-
tected in at least two phases, before the DET20f3 output signal becomes logical one.
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Figure 77: Simplified logic diagram for a two-out-of-three oscillation detection logic.

Logic for cooperation with the line distance protection

It has already been mentioned that the transition impedance might enter the operating
area of the line distance protection function and cause its unwanted operation, if the
necessary counter measures have not been provided. The poledlip protection detectsthe
transient impedance and can be used as a disabling function for the line distance pro-
tection function within the same REx 5xx protection and control terminal.
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Figure 78 presentsin simplified form the logic diagram used for the cooperation with
the associated line distance protection, when necessary.

The PSP-START output logical signal can be used within theterminal configuration, to
block the operation of different distance protection zones. Its appearance depends on
the selection of the “one out of three” or “two out of three” operating mode, whichis
possible by the corresponding connection of the following functional input signals:

* PSP--REL 1P, which releases the “one out of three” operating mode.
» PSP--BLK1P, which blocks the “one out of three” operating mode.
» PSP--REL2P, which releases the “two out of three” operating mode.
» PSP--BLK2P, which blocks the “two out of three” operating mode

The following conditions block the PSP--START output signal and might thisway re-
lease the operation of the distance protection function even during the oscillation con-
ditions.

» PSP--BLOCK - input functional signal, which blocksthe operation of the complete
pole dlip protection

* ThePSP--START signal isdisabled, if the measured impedance remains within the
external impedance boundary for the time, which islonger asthe timeinterval set
on tR2 timer. It is possible to disable this functionality by the continuous presence
of alogical one signal on functiona input PSP--BLK 1.
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Figure 78: Logic for cooperation with distance protection function.

* ThePSP--START output signal isdisabled after thetime delay set on thetR1 timer,
if the oscillation appears before the functional input signal PSP--IOCHECK be-
comeslogical one. Thisway it ispossible to block the PSP function and release the
operation of theline distance protection, if for example, an earth fault appearsin the
network during the oscillations. This functionality can be disabled by the logical
one signal on the PSP--BLK 2 functional input.

e The PSP--START functional input is disabled, if the measured impedance have
been detected within the externa operating boundary in al three phases and the
PSP--I0OCHECK functional input signal becamelogical onewithinthetimeinterval
shorter than the time delay set on timer tEF after the PSD--TRSP logical input
changed from logical oneto logical zero. Thisfunction prevents the appearance of
the PSP--START output signal in cases, when one pole of the circuit breaker closes
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on persistent single phase fault after the single pole autoreclosing dead time, if the
initial single phase fault and single pole opening of the circuit breaker causes the
power swinging in the remaining two phases.

Tripping criteria

The completeimpedance operating areais divided on two detection and two trip regions
as presented schematically on figure 79. Detection areais divided on forward-reverse
detection region i.e transition from forward to reverse (TRANFwRvV) and reverse-for-
ward detection regioni.etransition from reverseto forward (TRANRVFw). Trip areais
divided on fast trip region and delayed trip region.
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Where:

1 Forward - reverse detection region
2 Reverse - forward detection region
3 Fast trip region

4 Delayed trip region

5 System impedance

6 Internal operating boundary

7 External operating boundary

Figure 79: The impedance operating plain is divided on two detection regions and two
trip regions.

Theflow charts on figure 80 and figure 81 present completely the operation of the PSP
for the FWRV transitions and the RvFw transitions respectively.
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PSP also provides a delayed back-up trip (TRIPSUM) for oscillation in fast or delayed
region. Summation trip will work if the center of the oscillation is detected either on the
protected line (fast region) or on the adjacent line (delayed region). In both cases PSP
compares number of slipsto nDel, therefore to enable this functionality TRFast and
TRDel should be set to On. Summation trip operation is shown on figure 82 and figure
83 for the FWRYv transitions and the RvFw transitions respectively.
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Figure 80: Flow-chart presenting the operation of the pole slip protection for the for-
ward to reverse transition (FwRv) after the oscillation has been detected.
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Figure 81: Flow-chart presenting the operation of the pole slip protection for the re-
verse to forward transition (RvFw) after the oscillation has been detected.
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Flow-chart presenting summation trip (TRIPSUM) of the pole slip protec-
tion for the forward to reverse transition (FwRv).
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Flow-chart presenting summation trip (TRIPSUM) of the pole slip protec-
tion for the reverse to forward transition (RvFw).
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Calculations

Setting instructions

The parameters for the pole strip protection functions are set viathe local HMI or PST
(Parameter Setting Tool). Refer to the Technical reference manual for setting parame-
ters and path in local HMI.

Necessary technical data

These setting instructions are prepared as a setting example for the power network re-
duced to the two machine system as presented on figure 84.

E, Eg

I
I
I
’. 8,= const ’. 5,= ()
A B
Z 5 z
SA s Z, | SB
R —C

99001019.vsd

Figure 84: Power system reduced to a two machine system.

Following are the necessary technical data:

Rated system voltage:
U, = 400kV
(Equation 204)
Minimum expected system voltage:
Upin = 380kV
(Equation 205)
Rated system frequency:
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f, = 50Hz

Ratio of voltage instrument transformers:

40°[kv1
0.11 -
—=[kV]

J3

==
1

Ratio of current instrument transformers used:

|
lp _ 1200[A] _ 1,09

Is 1[A]
Line length:
L = 210km

Line positive sequence impedance:

Zp = (10.71 +j75.6)ohm

Source A positive sequence impedance:

Zspp = (1.15 +j43.5)0hm

Source B positive sequence impedance:

(Equation 206)

(Equation 207)

(Equation 208)

(Equation 209)

(Equation 210)

(Equation 211)
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Zsgp = (5.3+)35.7)ohm
(Equation 212)

Maximum expected load in forward direction (at minimum system voltage U ).

Smax = 1000MVA
(Equation 213)

with power factor

€oS(9nax) = 0.95

(Equation 214)

Maximum expected slip frequency for consecutive slips:

f = 8Hz

smax
(Equation 215)

Expected initial dip frequency:

fSi = 2.5Hz

(Equation 216)

The required tripping angle at pole slip conditions must be between the following val-
ues (determined by the system studies and electrical characteristics of the used primary
eguipment):

&, <115
(Equation 217)

&, =245
(Equation 218)
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It is supposed that similar pole slip protection device will be used on the remote line
end. In such caseit is suggested to program the operation of the pole slip protection for
the dlipsin forward direction only.

The result of the system studies has shown that:

* Itispossibleto have one dlip over the remaining two phases between both systems
during the dead time of the single pole autoreclosing. It isahigh probability that the
system will remain stable after the successful single pole autoreclosing.

» Thesecond dip, if detected on the protected line, should be disconnected asfast as
possible. For this reason the trip in incoming mode of operation is suggested.

» The selective operation of the pole slip protections in the complete network is ob-
tained, if the number of the remote slipsislessthan four, before the system is split
by the pole slip protection in the observed point.

Impedance transformation factor

System data are generally presented by their primary values. Thisis aso the case for
this setting example. The corresponding impedance transformation factor is equal to:

' 1200[A]
[
KiMp = - = — LAl g33
U 400
=2 —=[kV]
U Jé
[kV]
f
(Equation 219)
The secondary values of the corresponding impedances are equal to:
Z, = KIMP [Z = (3.53 +24.95)0hm
(Equation 220)
Zsa = KIMP [Zsap = (0.38 +j14.36)ohm
(Equation 221)
Zsg = KIMP (Zsgp = (1.75 +j11 —78)ohm
(Equation 222)
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Minimum load impedance
Minimum load impedance appearsin forward direction and is cal culated according to
equation 223:

(Umin)
Zimin = —° [KIMP= 47.630hm

max
(Equation 223)

System impedance and center of oscillations
The system impedance is according to equation 219 equal to:

ZS = ZSA+ZL +ZSB = (5.63 +j51.08)ohm

(Equation 224)

The system characteristic angle (equation 222) is equal to:

bg = atan% 83.7

(Equation 225)
The corresponding setting of the system characteristic angle is this way:
SCA =837
(Equation 226)
The center of the oscillation has the coordinates (eguation 220):
Zco = % [(Zs-Zsa = (2.45+j11.19)ohm
(Equation 227)

Resistive reach of the external boundary in forward direction

The external boundary for the oscillation detection characteristic in forward direction
(right side boundary) has its resistive reach equal to (equation 224).
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RIREXT = |Z|min| (K = 42.870hm

(Equation 228)

We considered in this case

K, =09

(Equation 229)

because the lineis longer than 150km.

The corresponding load angle is according to equation 225 equal to:

Zspa+Z +Z o
Bout = 2 Eatan[IMl]: 61.88

2 [R1IREXT
(Equation 230)

Resistive reach of the internal boundary in forward direction

We assumethe setting of thefirst transition timer tP1 = 45ms. Thisbringsthe necessary
load angle for the right internal boundary of the oscillation detection characteristic

(egquation 225):

S, = 360 Mg [P1+8,,= 102.4

ext
(Equation 231)

The corresponding resistive reach setting is this way (eguation 226):

RIRINT = Zsa%Zi*Zse| _ 50 co0nm

int]
2 [tanD >0

(Equation 232)

It is necessary to check that this operating characteristic (see “ Application”, boundary
2onfigure 1) coverscompletely the distance protection zones, which should be blocked
during the power swingsin system, if the pole slip protection is used also for these pur-
poses. In this particul ar case we check only the primary fault resistance, which could be
covered by the corresponding distance protection zones:
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-1 -
Rep = gy (RIRINT [0.95= 59.50hm

(Equation 233)

Thisresistive reach satisfiesin most practical casesfor theresistive covering of the dis-
tance protection zones one and two. Factor 0.95 in equation 233 is considered as a safe-
ty factor. In thisway we can keep the setting of the first transition timer to tP1 = 45ms.

Setting of the tP2 timer

The tP2 timer serves the detection of (generally faster) consecutive dlips. Its setting is
calculated according to equation 228 and the specified value of the maximum expected
dip frequency:

-3
tp2 = ARy
360 O,

(Equation 234)

The required value iswell over the minimum suggested value of 10ms. The maximum
detectable slip frequency with setting of the tP2 timer equal to tP2,;,, = 10ms and with
unchanged settings of the impedance oscillation detection boundariesis equal to:

Gnt_éext
smax = ———=XL = 11.25Hz
360 P2,

(Equation 235)

Thisisavery high value, which usually does not appear in area power system.

Settings of the reverse oscillation detection resistive boundaries

It has been mentioned that the similar pole slip protection deviceisintended to be used
at theremoteline end. The maximum load in reversedirection isalso much smaller than
in forward direction. The system requirements require this way only the operation for
the pole dipswith their electrical center in forward direction. The reverse (Ieft side) re-
sistive reach of the oscillation detection characteristics can be for this reason equal to
the one in forward direction:

RI1LEXT = R1IREXT = 42.87ohm
(Equation 236)
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RI1LINT = R1RINT = 20.690hm
(Equation 237)

Setting of the right and left tripping characteristics

The necessary setting of the resistive reach for the right tripping characteristic is calcu-
lated according to equation 232 and eguation 233:

ZIRTR = 2 Zgf1-—L—|_Zsa = (18.72 +9.38)0hm
2 ran CPURD
02
(Equation 238)
R1RTR = Re [Z1RTRO-Im(Z1RTR) tan(90 - 0g)
(Equation 239)

R1RTR = 17.68 ohm
(Equation 240)

The condition RIRTR<R1RINT isin thisway fulfilled.

Necessary setting of the resistive reach for the left tripping characteristic is calculated
according to equations.

Z1LTR = %DZS 1+—J—6 -Zsa
tan (180 —%LD

(Equation 241)

Z1LTR = (18.72+(9.38)ohm
(Equation 242)
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RILTR = Re(Z1LTR)+Im(Z1LTR) Oan(90" -bg)

(Equation 243)

RILTR = 19.760hm
(Equation 244)

The condition RIRTR<RI1RINT isin thisway fulfilled.

Setting of the reactive tripping characteristics

The reactive operating characteristics are presented in “ Application”, figure 1, and
marked by 5 for the operation in forward direction and by 6 for the operation in reverse
direction.

Sinceitisrequired to operate only for the pole dip situation with centers of slipsin for-
ward direction, and because a similar device will be used at the remote line terminal,
only the operation for the transition from forward to reverse direction (FWRV) isre-
quired. Thiskind of operation does not require any reversereach. Itisrecommended for
this reason to set the corresponding setting parameters to their minimum values.

R1PSLRv = 0.1ohm
(Equation 245)

X1PSLRv = 0.1ohm
(Equation 246)

Thetripping characteristic in forward direction should cover the slipswith their electri-
cal center on the protected power line. 10% of safety margin issufficient in order not to
overreach for the slipswith their centers on the adjacent power lines. The necessary set-
tings are equal to:

R1PSLFw = 0.9 [(Re(Z,) = 3.180hm

(Equation 247)

X1PSLFw = 0.90m(Z,) = 22.450hm
(Equation 248)
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Setting of the reactive reach of the oscillation detection characteristics

The reactive reach of the oscillation detection characteristic should cover in forward
and in reverse direction with sufficient margin (10 to 15%) the power lines and other
elements, for which the pole slip protection should provide also the back up protection
for the dlips with remote centers of the oscillations. System studies should determine
the necessary reach as well as the number of permitted remote slips more in details.

We assumein this example that the pole dlip protection should also block the operation
of the distance protection zones one and two. Zone two must be set to at least 120% of
the protected line. The necessary reactive reach of the internal boundary in the forward
direction isthisway equal to:

X1FINT = 1.15 1.2 [Im(zL)= 34.430hm
(Equation 249)

Reactive reach of the externa oscillation detection boundary should permit the same
speed of detected slips asthe one determined in theresistive direction. We can even pro-
vide some additional margin (5%).

X1FEXT = 1.05 R1IREXT —R1RINT) + X1FINT
(Equation 250)

X1FEXT = 57.73ohm

(Equation 251)

Setting of the reactive reach in the reverse direction depends on the system conditions.
In our case we do not need to cover any specia distance protection zone. It is also not
necessary to operate for the slips with their center in the reverse direction, since the re-
mote end pole slip protection takes care of such cases.

It is anyway suggested to set the reactive reach in reverse direction to at |east 10% of
the onein forward direction. The impedance difference between the internal and thein-
ternal boundary should also in this case permit detection of the same dlip frequency as
in the forward direction. The necessary values are;

X1RINT = 0.1 IX1FINT = 3.440hm
(Equation 252)
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X1REXT = 1.05 JR1REXT —R1RINT) + X1RINT
(Equation 253)

X1REXT = 26.750hm
(Equation 254)

Setting of the tW waiting timer

Setting of the waiting timer influences the detection of the consecutive slips. The tW
timer must be set higher than the time the measured impedance needs after leaving the
impedance detection areaand entering it again on the other side of the impedance plain.
It is necessary to consider the minimum possible speed of the oscillations, which might
occur in the system. The time necessary for the impedance to move from the internal
left impedance boundary (after the FwRyv transition has been completed) to the external
right impedance boundary (to start the detection of the new oscillation) is calculated ac-
cording to the equation:

Srext * (360 =3 )

tw = 1303 - = 1.79s
360 Ifgmin
(Equation 255)

Where:

ORext Corresponding load angle at the right external resistive boundary (in our
case they equal to 61.9 deg)

OLint Corresponding load angle at the left internal resistive boundary (in our case
equal to 298.1 deg)

fsmin Minimum expected slip frequency in a system (should not be considered less

than 0.2 Hz)

Factor 1.3 isasafety factor, which could be considered also in most other cases, when
the exact technical characteristics of the system are not known.
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Setting of the tripping modes and the transition counters

The pole dip protection should according to the system requirements operate only for
the dlips with their electrical center on the protected power line and for the transitions
from the forward to the reverse direction. It isfor this reason necessary to set the pa-
rameters related to the reverse to forward (RvFw) transition to the following values:

*  TrRvFw = Off

* TrincRvFw = Off

e TrOutRvFw = Off
» TrFastRvFw = Off
* TrDelRvFw = Off
* nFastRvFw =10

« nDeRvFw =10

According to the results of the system studies the following settings are applicable for
the transitions detected from forward to the reverse direction:

e TrFwWRv =0n

*  TrincFwRv = On

e TrOutFwRv = Off
e TrFastFwRv = On
e TrDelFwRv =On
* nFastFwRv =1

e nDeFwRv =3

Additional timers in the oscillation detection circuits

TimerstR1, tR2, tEF, and tHZ are used in the oscillation detection logic (see figurein
“Design”) to suit the oscillation detection to different system conditions. Their settings
must be co-ordinated with the time delays set on different protection devices, like dis-
tance protection, directional or non directional residual overcurrent protection, dead
time of the single pole autoreclosing, etc.

tHz hold timer

ThetHz hold timer prolongsthe duration of the PSP--START signal, which can be used
for blocking the distance protection zones. Its setting should be with a certain margin
(10to 15%) longer than the time required for the detection of the consecutive slipswith
fastest dip frequency in asystem. In our case the required value is equal to:
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tHZ = 1.15 E%L = 144ms

sm

(Equation 256)

tR1 inhibit timer

The tR1 inhibit timer delays the influence of the detected residual current 31 on the
inhibit criteriafor the PSP function. It prevents the operation of the function for short
transientsin the residual current as measured by the terminal. The time delay of 50 ms
is suggested as default, when the residual current criteriais used.

tR2 inhibit timer

ThetR2 inhibit timer disables the output PSP--START signal, if the measured imped-
ance remains within the impedance detection areafor more than the set time. Thistime
delay is generally set to 2 seconds, when used in the protection.

tEF timer

The setting of the tEF timer must cover with sufficient margin the opening time of the
associated circuit breaker and the dead time of the single pole autoreclosing together
with the circuit breaker closing time.
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8.2

Radial feeder protection (PAP)

Application

The most common application of Radial feeder protection is to provide tripping at the
remote end of lines with passive load or with weak end infeed.

The radial feeeder protection function must be included in the terminal at the weak in-
feed end of the feeder.

Permissive communication schemes can basically operate only when the protection at
the remote end of afeeder can detect the fault. The detection requires a minimum of
fault current, normally > 20 % of Ir.

The fault current can be low due to absence of generated power or low short circuit cur-
rent of the source.

The fault current can initially be too low due to the fault current distribution.

Inthiscasethefault current increases when the breaker opens at the strong line end, and
asequential tripping is achieved.

The detection of the fault by an independent tripping zone 1 is then required.

To avoid sequential tripping as described or when zonel is not avaible, the protection
terminal must be provided with the radial feeder protection function.

Functionality

Theradial feeder protection function performs phase sel ection using the measured volt-
ages.

The selection logic is common for both fast and delayed tripping. The fast tripping
makes use of scheme communication whilst the delayed tripping operates independent-
ly. The latter is activated in case of failure of the communication channel.

On reception of the communication signals, the phase sel ective tripping outputs are ac-
tivated on the relevant faulty phases. At single-phase fault the tripping can be subject to
residual current check. The delay timeisindependently settable for single-pole and
three-poletripping. Furthermoreit is possibleto select or not thethree-poletripping as
well to select three-pole tripping a so for single-phase fault. Fault on more than one
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phase will always result in athree-pole tripping. In case of fuse failure, the normal sin-
gle and three-phase operation is inhibited, but three-pole tripping will anyhow occur if
theresidual current exceedsthe set level for alonger time than the three-pole trip delay
time tT .

Design

The function consists of two subfunctions.

* onemeasuring part evaluating the measurands
« onelogical part processing internal and external signals

Thelogical part consists of four subfunctions.

» fast fault clearing

* delayed fault clearing

» detection of residual current

e generation of commands for breaker tripping and autorecloser starting

Measuring functions

The inputs for the measuring function are the three-phase voltagesUL1, UL2, UL3
and either the three-phase currents IL11, IL2, IL3 or the residual current IN

Phase selection

The phase selection is based on voltage measurement. Thelogical flow for phaseL1is
shown in figure 85 "Phase selection function” on page 204:
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Figure 85: Phase selection function
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The phase selection for phase L2 and L3 is performed in the same way.The function
operates by comparing each phase voltage e.g. UL 1 with the perpendicular main volt-
age UL2 — UL 3.The magnitude of phase — phase voltage is monitored by feeding the
full-wave rectified signal through afilter . Thisupdates continuously the output voltage
if it islower than the input voltage but when the intput signal is lower than the output
thistwill decrease according to an exponential function with atime constant settable be-
tween 1 and 60 s. See figure 86 "Filtering function" on page 205:

Time constant=Tau Output from
filter

..... N Rectified
" input signal

[
_/
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Figure 86. Filtering function

The phase selection time becomes <40 ms when the phase voltage drops below 70 %
of the setting for phase — phase voltage.

Residual current detection

The magnitude of the neutral current IN is obtained by summing the three-phase cur-
rentsor it isdirectly detected by an appropriate monophase current transformer. Seefig-
ure 87 "Residual current measurement" on page 205:
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Figure 87: Residual current measurement
The choice between using the sum of phase currents or the residual current ismade by

setting. The residual current detection timeis <40 ms when the current exceeds 150 %
of the set level.
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Function for fast fault clearing

The logic diagram for this function is shown in figure 88 "Function for fast fault clear-
ing" on page 206:
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Figure 88: Function for fast fault clearing

Tripping at the remote end of lines with passive load or with weak end infeed is ob-
tained with the following criteria: The fault clearing isinitiated by areceived signd
from the remote end terminal. The function is enabled for 650 ms after the signal isre-
ceived.Thisisa“one shoot” circuit, i.e. once the pulse element istriggered it will emit
asingle pulse regardless of successivetriggering under the set time.If no blocking sig-
nal ispresent, (BLOCK + VTSU where VTSU isfusefailure detection signal ), the
“and” circuits, will generate the start signalsSTL1, STL2 or STL3, depending on the
status of the phase selection outputs PHSL 1, PHSL2, PHSL 3. The presence of either
the signal BLOCK or VTSU will ihibit the operation.

Function for delayed fault clearing

Thisfunction entails a slower tripping than the remotely initiated tripping time. See
figure 89 "Function for delayed fault clearing” on page 207:
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Figure 89: Function for delayed fault clearing

The inputs BLOCK (block of radial feeder protection) BLKDEL (block of delayed
fault clearing) and COMOK (telecommunication link healthy) inhibit the delayed func-
tion.In case of fusefailure, signal VTSU high , the normal single and three-phase op-
erationisinhibited. If during afusefailure the residual current signal STIN ishigh for
alonger time than the three-phase trip time tT , a three-phase tripping will occur.The
settings P1, P2, P3, control the operating mode of the delayed fault clearing according
to table 1 Selection of operating mode.
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Table 6: Selection of operating mode

Parameter Selection On OFF

P1 Del1PhFItTrip Single-phase tripping for Three-phase tripping for
single-phase fault in time | single-phase fault in time
tM tT

P2 ResCurrCheck Single-phase operation Single-phase operation
with residual current check | without residual current

check

P3 Del3PhTrip Time delayed trip for three- | No time delayed trip for

phase fault three-phase fault

For a better understanding of figure 89 "Function for delayed fault clearing" on page
207 see dso tables 2.3.4 in section 4 Appendix

Function for residual current detection

Thisfunction indicates the presence of residual current when its value exceedes the set
level for alonger timethan the set timetPIR, seefigure 91 "Trip and autorecloser start
logic" on page 209:

en01000070.vsd

Figure 90: Function for residual current detection

Trip and autorecloser start logic

Thestart signalsSTL 1, STL2, STL 3, aregenerated in thefunction for fast fault clearing
and delayed fault clearing. A trip signal will be issued in the relevant faulty phase(s),
TRL1, TRL2, TRL3. The general trip signal TRIP will also be issued.These output sig-
nalswill activate the standard trip functionsincluded in the protection termina .Both
the minimum length of the trip pulse and the command for athree-phase trip at two
phase start are controlled in thelogic of the normal trip circuitry.The single/three-phase
operation of the autorecloser depends on the status of the C.B signal CBCLOSED and
on the existence of pole discrepancy signal POLDISC. If the conditionsfor areclosing
arefulfilled, astart signal will be issued in the concerned phase(s) ARSTL1, ARSTL2
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and ARSTL3. A generd start signal, ARSTART will aso beissued. In the case of mul-
tiphase fault the issued signal will be ARST3P. The functional diagram of the relevant
logic is shown in figure 91 "Trip and autorecloser start logic” on page 209.
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Figure 91: Trip and autorecloser start logic

Calculations

Setting instructions

en01000071.vsd

The parameters for the radial feeder protection functions are set via the local HMI or
PST (Parameter Setting Tool). Refer to the Technical reference manual for setting pa-

rameters and path in local HMI.
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Scheme communication logic for distance
protection (ZCOM)

Application

To achievefast fault clearing for afault on the part of theline not covered by the instan-
taneous zone 1, the stepped distance protection function can be supported with logic,
that uses communication channels.

One communication channel in each direction, which can transmit an on/off signal is
required. The performance and security of thisfunction is directly related to the trans-
mission channel speed, and security against false or lost signals. For this reason special
channels are used for this purpose. When power line carrier isused for communication,
these specia channels are strongly recommended due to the communication distur-
bance caused by the primary fault.

The logic supports the following communications schemes; blocking scheme, permis-
sive schemes (overreach and underreach) and direct intertrip.

Functionality

Theory of operation

Depending on whether areverse or forward directed impedance zone is used to issue
the send signal (ZCOM-CS), the communication schemes are divided into Blocking
and Permissive schemes, respectively.

Blocking communication scheme

In ablocking scheme, the received signal (ZCOM-CR) carries information about the
fault position, which specifiesthat it is outside the protected line, on the bus or on ad-
jacent lines. Do not prolong the sent signal, so set tSendMin to zero. The sending might
be interrupted by operation of aforward zone if it is connected to ZCOM-CSNBLK.

An overreaching zone is allowed to trip after a co-ordination time (tCoord), when no
signal isreceived from the remote terminal. The tCoord time must allow for the trans-
mission of the blocking signal with a certain margin.

In case of external faults, the blocking signal (ZCOM-CR) must be received before the
tCoord elapses, to prevent afalse trip.
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Figure 92: Basic logic for trip carrier in blocking scheme.

Table 7:  Input and output signals for ZCOM

ZCOM-CACC Forward overreaching zone used for the communication scheme.
ZCOM-CR Carrier receive signal.
ZCOM-TRIP Trip from the communication scheme.

Permissive communication scheme

In a permissive scheme, the received signal (ZCOM-CR) carriesinformation from the
protection terminal at the opposite end of theline. It indicates detected faultsin the for-
ward direction out on the line. The received information is used to alow an overreach-
ing zone to trip almost instantaneously for faults on the protected line.

r--r-—"-—"—""—"—""—""""—"*"—"""""7/"~"—*""—"—""—/~"™/° -

|ZCOM-CACC tCoord I
. ZCOM-TRIP -
1ZCOM-CR & _’t_‘ i
: ]
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Figure 93: Logic for trip carrier in permissive scheme.

The permissive scheme principle is further subdivided into two types, underreaching
and overreaching, where the names indicate that the send signal (ZCOM-CS) isissued
by an underreaching or an overreaching zone, respectively.

The signal (ZCOM-CR) must be received when the overreaching zoneis still activated
to achieve an instantaneoustrip. In some cases, dueto the fault current distribution, the
overreaching zone can operate only after the fault has been cleared at the terminal near-
est to thefault. Thereisacertain risk that in case of atrip from an independent tripping
zone, the zone issuing the carrier send signal (ZCOM-CS) resets before the overreach-
ing zone has operated at the remote terminal. To assure a sufficient duration of the re-
ceived signa (ZCOM-CR), the send signal (ZCOM-CS), can be prolonged by a
tSendMin reset timer. The recommended setting of tSendMin is 100 ms. A ZCOM-CS
signal from an underreaching zone can be prolonged during all circumstances without
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drawbacks, but aZCOM-CS signal from an overreaching zone must never be prolonged
in case of parallel lines, to secure correct operation of current reversal logic, when ap-
plied.

At the permissive overreaching scheme, the carrier send signal (ZCOM-CS) might be
issued in parallel both from an overreaching zone and an underreaching, independent
tripping zone. The ZCOM-CS signal from the overreaching zone must not be prolonged
while the ZCOM-CS signal from zone 1 can be prolonged.

There is no race between the ZCOM-CR signal and the operation of the zone in a per-
missive scheme. So set thetCoordto zero. A permissive schemeisinherently faster and
has better security against fal se tripping than a blocking scheme. On the other hand, a
permissive scheme depends on a received ZCOM-CR signal for afast trip, so itsde-
pendability islower than that of a blocking scheme.

To overcome this lower dependability in permissive schemes, an Unblocking function
can be used. Use this function at power-line carrier (PLC) communication, where the
signal hasto be sent through the primary fault. The unblocking function uses acarrier
guard signal (ZCOM-CRG), which must a'ways be present, even when no ZCOM-CR
signal isreceived. The absence of the ZCOM-CRG signal during the security timeis
used as a CR signal. See figure 94. This also enables a permissive scheme to operate
when the line fault blocks the signal transmission. Set the tSecurity at 35 ms.

lzcom-cR
. ttSecurity >1 ZCOM-CRLi
. — | |
:ZCOM-CRG | i
! 200 ms 150 ms .
& |
t 21 t .
— = - i
[ ZCOM-LCG ;

en00000491.vsd

Figure 94: Carrier guard logic with unblock logic.

The ZCOM-CR signals are always transferred directly to ZCOM-CRL without any de-
lay.
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Table 8: Input and output signals for carrier guard

ZCOM-CR Received signal from the communication equipment
ZCOM-CRG Carrier guard signal from the communication equipment.
ZCOM-CRL Signal to the communication scheme.

ZCOM-LCG Alarm signal line-check guard

Direct inter-trip scheme

In the direct inter-trip scheme, the carrier send signal (ZCOM-CS) is sent from an un-
derreaching zone that is tripping the line.

The received signal (ZCOM-CR) is directly transferred to aZCOM-TRIP for tripping
without local criteria. The signal isfurther processed in thetripping logic. In case of sin-
gle-pole tripping in multi-phase systems, a phase selection is performed.

Calculations

Settings

The parametersfor the scheme communication logic function are set viathe local HMI
or PST (Parameter Setting Tool). Refer to the Technical reference manua for setting
parameters and path in local HMI.

Configure the zones used for the ZCOM-CS carrier send and for scheme communica-
tion tripping by using the CAP configuration toal.
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10 Phase segregated scheme communication logic
for distance protection functions (ZC1P)

10.1 Application

To achievefast fault clearing for afault on the section of thelinethat is not covered by
instantaneoustripping zone 1, the stepped di stance protection function can be supported
with logic that uses communication channels.

When single-pole tripping is required on parallel lines, an unwanted three-phase trip
can occur for simultaneous faults near the line terminals. Here simultaneous faults are
one fault on each of the two lines but in different phases. See figure 95 "Simultaneous
faults on parallel lines' on page 214. When simultaneous faults occur, the phase selec-
tors at the remote terminal — relative to the faults — cannot discriminate between the
fault on the protected line and on the paralel line.

The phase selector must be set to cover the whole line and will also detect afault onthe
parallel line. Instantaneous phase-sel ective tripping is not possible with the information
that is available locally in the remote terminal relative to the faults.

The terminal near the faults detects the faults on the protected line as aforward fault,
and on the parallel linein reverse direction. The directional phase selector in the termi-
nal near the faults can discriminate between the faults and i ssue correct single-poletrip-
ping command.

By using phase-segregated channels for the communication scheme, the correct phase
information in the terminal near the faults can be transferred to the other terminal. A
correct single-poletrip can be achieved on both lines and at both terminals.
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-/ /

/

/AR /AR
N /

S-N
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Figure 95: Simultaneous faults on parallel lines
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The phase-segregated communication scheme requires three individual channels be-
tween the terminals on each line in both directions. In case of single-phase faults, only
one channel is activated at atime. But in case of multi-phase faults, two or three chan-
nels are activated simultaneously.

When the communication does not allow the simultaneous transmission of more than
one of the channels, four channelsare required (one additional). The additional channel
is activated instead of activating two or three channels simultaneously.

When only one channel isavailablein each direction, use the optionally available three-
phase communication scheme logic (ZCOM; see the document “ Scheme communica-
tion logic for distance protection”). Note that this logic can issue an unwanted three-
poletrip at described simultaneous faults.

The phase-segregated communication logic can be set for one or three communication
channels. A three-channel setting is only of value at parallel operating lines when cor-
rect single-pole tripping is aso required at simultaneous faults.

The performance of the communication scheme function is directly related to:

e Thetransmission-channel speed
e Security against false or lost signals.

For this reason special channels are used for this purpose. When power line carrier is
used for communication, these specia channels are strongly recommended due to the
communication disturbance caused by the primary fault.

Functionality

Depending on whether areverse or forward directed impedance zone is used to issue
the send signal (ZC1P-CSL n; Ln designates the corresponding phase), the communica:
tion schemes are divided into Blocking and Permissive schemes, respectively.

When an additional channel isused for two and three phase faults this channel is acti-
vated by the signal ZC1P-CSMPH.

Blocking communication scheme

In a blocking scheme, the received signal (ZC1P-CRLn) carriesinformation about the
fault position, which specifiesthat it is outside the protected line on the bus or on adja-
cent lines. Do not prolong the sent signal, so set tSendMin to zero.
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An overreaching zone is allowed to trip after a co-ordination time (tCoord), when no
signal isreceived from the remote terminal (see Figure 96 "Basic logic for trip carrier
in blocking scheme" on page 216:). The tCoord time must allow for the transmission of
the blocking signal with a certain margin.

In case of external faults, the blocking signal (ZC1P-CRLn) must bereceived beforethe
tCoord elapses, to prevent afalse trip.

ZC1P-CACCLn tCoord
‘ZC1P-CRLn & t |
I

| |
|
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Figure 96. Basic logic for trip carrier in blocking scheme

Table 9: Input and output signals for ZC1P

ZC1P-CACCLn Forward overreaching zone phase Ln used for the communication
scheme

ZC1P-CRLn Carrier receive signal in phase Ln

ZC1P-TRLn Trip from the communication scheme in phase Ln

Permissive communication scheme

In apermissive scheme, the received signal (ZC1P-CRLn) carriesinformation from the
protection terminal at the opposite end of theline. It indicates a detected fault in the for-
ward direction out on the line. The received information is used to allow an overreach-
ing zone to trip amost instantaneously for faults on the protected line.

[

ZC1P-CACCLn tCoord [
'ZC1P-CRLn | & Ht ] ZC1P-TRLn,
I i .
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Figure 97: Logic for trip carrier in permissive scheme

The permissive scheme principleis further subdivided into two types, underreaching
and overreaching, where the namesindicate that the send signal (ZC1P-CSLn) isissued
by an underreaching or an overreaching zone, respectively.
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Thesigna (ZC1P-CRLnN) must bereceived when the overreaching zoneisstill activated
to achieve an instantaneoustrip. In some cases, dueto the fault current distribution, the
overreaching zone can operate only after the fault has been cleared at the terminal near-
est to thefault. Thereisacertain risk that in case of atrip from an independent tripping
zone, the zoneissuing the carrier send signal (ZC1P-CSLn) resets before the overreach-
ing zone has operated at the remote terminal. To assure a sufficient duration of the re-
ceived signal (ZC1P-CRLn), the send signal (ZC1P-CSLn) can be prolonged by a
tSendMin reset timer. Therecommended setting of tSendMinis100 ms. A ZC1P-CSLn
signal from an underreaching zone can be prolonged during all circumstances without
drawbacks, but aZC1P-CSLn signal from an overreaching zone must never be pro-
longed in case of parallel lines to secure correct operation of current reversal logic,
when applied.

At the permissive overreaching scheme, the carrier send signal (ZC1P-CSLn) might be
issued in parallel both from an overreaching zone and an underreaching, independently
tripping zone. The ZC1P-CSLn signal from the overreaching zone must not be pro-
longed, while the ZC1P-CSLn signal from zone 1 can be prolonged.

Thereis no race between the ZC1P-CRLn signa and the operation of the zonein a per-
missive scheme. So set thetCoord to zero. A permissive schemeisinherently faster and
has better security against false tripping than a blocking scheme. On the other hand, a
permissive scheme depends on areceived ZC1P-CRLn signal for afast trip, so its de-

pendability is lower than that of a blocking scheme.

To overcome this lower dependability in permissive schemes, an Unblocking function
can be used. Usethisfunction at power-line carrier PLC communication, wherethe sig-
nal hasto be sent through the primary fault. The unblocking function uses a carrier
guard signal (ZC1P-CRG), which must always be present, even when no ZC1P-CRLn
signal isreceived. The absence of the ZC1P-CRG signal during the security timeisused
asaCRLn signal. See figure 98 "Carrier guard logic with unblock logic" on page 218.
This also enables a permissive scheme to operate when the line fault blocks the signal
transmission. Set the tSecurity to 35 ms.
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Figure 98: Carrier guard logic with unblock logic
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The ZC1P-CRLn signals are dways transferred directly to ZC1P-CRLLn without any

delay.

Table 10: Input and output signals for carrier guard

ZC1P-CRLn Received signal from the communication equipment in phase Ln

ZC1P-CRG Carrier guard signal from the communication equipment

ZC1P-CRLLn Signal to the communication scheme

ZC1P-LCG Alarm signal line-check guard

ZC1P-CRMPH Received signal from the communication equipment at multiphase
faults, when only one channel can be active at the same time

Direct inter-trip scheme

InaDirect intertrip scheme, acarrier signal is sent when the impedance protection trips
the breaker in phase Ln. The ZC1P-CRLn carrier received signad is allowed to trip the
breaker in phase Ln without any local criteria. The security against fal setripping dueto
disturbance in the communication is entirely achieved in the communication equip-

ment. Thus the transmission requires coded signals.
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Because of the transmission, the send signal is mostly prolonged some 30 ms with the
timer tSendMin. Thereis no need to have any coordination time (tCoord) to delay the
tripping when the signal isreceived.

Calculations

Setting instructions

The parameters for the scheme communication logic for distance protection functions
are set viathelocal HMI or PST (Parameter Setting Tool). Refer to the Technical ref-
erence manual for setting parameters and path in local HMI.

See the setting table in the appendix for further information.

The zones used for carrier send and for scheme communication tripping is configured
in the menu:

Configuration
Functions
Impedance
Com 1P

For further information see the “Input and output signals’ in the “ Technical reference
manual”.
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Current reversal and WEI logic for distance
protection (ZCAL)

Application

To achievefast fault clearing for afault on the part of theline not covered by the instan-
taneous zone 1, the stepped distance protection function can be supported with logic,
that uses communication channels. REx 5xx line distance protection termina s havefor
this reason available a scheme communication logic (ZCOM - see the document

“ Scheme communi cation logic for distance protection”) and a phase segregated scheme
communication logic (ZC1P - see the document “ Phase segregated communication log-
ic for distance protection”).

Different system conditions, in many cases, require additional special logic circuits,
like current reversal logic and WEI, weak end infeed logic. Both functionsare available
within the additional communication logic for the distance protection function (ZCAL).

The contents of the additional communication logic is always adjusted to the needs of
each communication logic, ZCOM or ZC1P respectively, whichever included in
REXx 5xx terminal.

Current reversal logic

If parallel lines are connected to common buses at both terminal's, overreaching permis-
sive communication schemes can trip unselectively due to current reversal. Thisun-
wanted tripping affects the healthy line when afault is cleared on the other line. This
lack of security resultsin atotal loss of inter-connection between the two buses.

Toavoidthiskind of disturbance, afault current reversal logic (transient blocking logic)
can be used.

Weak end infeed (WEI) logic

Permissive communication schemes can basically operate only when the protection in
the remote terminal can detect the fault. The detection requires a sufficient minimum
fault current, normally >20% of I,. The fault current can be too low due to an open
breaker or low short-circuit power of the source. To overcome these conditions, weak
end infeed echo logic is used.

Thefault current can also beinitially too low due to the fault current distribution. Here,
the fault current increases when the breaker opens in the strong terminal, and a sequen-
tia tripping is achieved. This requires a detection of the fault by an independent-trip-
ping zone 1. To avoid sequentia tripping as described, and when zone 1isnot available,
weak end infeed tripping logic is used.
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Functionality

Current reversal logic

Figure 99 and figure 100 show atypical system condition, which can result in afault
current reversal. Note that the fault current isreversed in line L2 after the breaker open-

ing.

Interminal A:2, wherethe forward zone wasinitially activated, this zone must reset be-
forethe carrier signal ZCOM-CRLn, initiated from B:2, arrives. The carrier send
ZCOM-CS or ZC1P-CSLn from B:2 is therefore held back until the reverse zone
ZCAL-IRVLnN hasreset and the tDelay time has elapsed; see figurein Design, Current
reversal logic .

Strong : L1 ‘ Weak
source Al ? B:1 source
(: :)—QA Bo—(: :)
e L2 e
A2 B:2

99000043.vsd

Figure 99: Initial system condition.

Strong : L1 Weak
source Al ? B:1 source
(: :)—QA Bo—(: :)
-+ L2 -+
A:2 B:2

99000044.vsd

Figure 100: Current distribution after the breaker B:1 is opened.

Weak end infeed logic

The WEI function sends back (echoes) the received carrier signal under the condition
that no fault has been detected on the weak end by different fault detection elements
(distance protection in forward and reverse direction).
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Theweak end infeed logic function can be extended to trip also the breaker in the weak
terminal. Thetrip is achieved when one or more phase voltages are low during an echo
function. In case of single-pole tripping, the phase voltages are used as phase selectors.

Weak end infeed logic is generally used in permissive schemesonly. Itisaso possible
to use it together with the blocking tel eprotection scheme. Some limitations apply in
this case:

*  Only thetrip part of the function can be used together with the blocking scheme. It
is not possible to use the echo function to send the echo carrier signal to the remote
lineterminal. The echo signal would block the operation of the distance protection
at the remote line end and in this way prevent the correct operation of a complete
protection scheme.

e |tisnot possible to usethe carrier receive signal from the remote end to start the
WEI function. Start the operation of the WEI function by connecting the TUV --
START output signal of the time delayed undervoltage function to the ZCAL-CRL
functional input. In thisway, the operation of the undervoltage protection will start
the WEI logic.

» Configure the carrier receive signal from the remote end to the ZCAL-WEIBLK
functional input together with an OR combination of all fault detection signal's, used
within theterminal to detect thefault in forward or reverse direction. Do not usethe
undervoltage protection signals for this purpose.

Design

Current reversal logic

The current reversal logic (IREV) uses areverse zone (connected to the ZCAL-IRVLN
input signal), which in terminal B:2 recognises the fault on the L1 line (seefigurein
Functionality, Current reversal logic. When the reverse zone is activated during the
tPickUp time (see figure 101), the logic is ready to issue aZCAL-IRVLLnN output sig-
nal. Thissignal prevents sending of aZCOM-CS (or ZC1P-CSLn) signal and activation
of the ZCOM-TRIP (or ZC1P-TRLn) signal for atime as set on atDelay timer, when
connected to the ZCOM-BL OCK (or ZC1P-BLOCK) functiona input of the ZCOM (or
ZC1P) function.
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tPickUp 10ms  tPickUp !
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' ZCAL-IRVLN n iy
I

' < — T

| tDela: )

: ZCAL-IRVBLKLN & t—ZCAL-IRVLLN i
I .
| 99000193.vsd|

Figure 101: Current reversal logic.

The tDelay timer makes it possible for the carrier receive signal, connected to the
ZCOM-CR (or ZC1P-CRLn) functional input, to reset before the ZCOM-TRIP (or the
ZC1P-TRLn) signal is activated due to the current reversal by the forward directed
zone, connected to the ZCOM-CACC (or the ZC1P-CACCLn) functional input.

Weak end infeed logic
The WEI function returns the received carrier signal (see figure 102), when:

» Thefunctional input ZCAL-CRLLnisactive. Thisinput isusually connected to the
ZCOM-CRL or to the ZC1P-CRL Ln functional output.

» TheWEI function is not blocked by the active signal connected to the ZCAL-
BLOCK functional input or to the ZCAL-VTSZ functional input. The latest is usu-
aly configured to the FUSE-VTSZ functional output of the fuse-failure function.

* Noactive signal has been present for at least 200 ms on the ZCAL-WEIBLKLnN
functional input. An OR combination of all fault detection functions (not undervolt-
age) as present within the terminal is usually used for this purpose.

B e e I e e |

| ZCAL-VTSZ |
SZ___ .

I zcAL-BLOCK >1 |
i —L i
tWEI 50 ms 200 ms ECHOLRN - cont.,

IzcAL-CRLLn  (WE |
| L & . ZCAL-ECHOLn |
200 ms i
t i
L e _____._. _

99000194.vsd

|
1 ZCAL-WEIBLKLnN

Figure 102: Echo of a received carrier signal by the WEI function.
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Figure 103: Tripping part of the WEI logic - simplified logic diagram.

When an echo function is used in both terminal's, aspurious signal can be looped round
by the echo logics. To avoid a continuous lock-up of the system, the duration of the ech-
oed signal islimited to 200 ms.

An undervoltage criteriais used as an additional tripping criteria, when the tripping of
thelocal breaker is selected together with the WEI function and ECHO signal has been
issued by the echo logic, see figure 103.

1.4 Calculations

11.4.1 Setting

The parameters for the current reversal logic and the WEI functionare are set viathe
local HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual
for setting parameters and path in local HMI.

Current reversal logic

Set thetDelay timein relation to the reset time in the communication equipment for the
ZCOM-CR (ZC1P-CRLnN) signal. Set thetDelay at the maximum carrier reset time plus
30 ms. A minimum tDelay setting of 40 msis recommended. A long tDelay setting in-
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creases security against unwanted tripping, but delay thefault clearing in case of afault
developing from oneline to involve the other one. The probability of this type of fault
issmall. So set the tDelay with a good margin.

Set the pick-up delay tPickUp to <80% of the breaker operate time, but with aminimum
of 20 ms.

Weak end infeed logic
Set WEI = Echoto activate theweak end infeed function. Set WEI = Trip to obtain echo
with trip.

Set the voltage criterion for the weak end trip to 90% of the minimum operation voltage
and consider also the emergency conditions.
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Chapter 5 Current

About this chapter
This chapter describes the current protection functions.
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Instantaneous overcurrent protection (I0C)

Application

Long transmission lines often transfer great quantities of electrical power from produc-
tion to consumption areas. The unbalance of the produced and consumed electrical
power at each end of the transmission line isvery large. This means that afault on the
line can easily endanger the stability of a complete system.

The transient stability of a power system depends mostly on three parameters (at con-
stant amount of transmitted electrical power):

* Thetype of the fault. Three-phase faults are the most dangerous, because no power
can be transmitted through the fault point during fault conditions.

» The magnitude of the fault current. A high fault current indicates that the decrease
of transmitted power is high.

» Thetotal fault clearing time. The phase angles between the EMFs of the generators
on both sides of the transmission line increase over the permitted stability limitsif
thetotal fault clearing time, which consists of the protection operating time and the
breaker opening time, istoo long.

The fault current on long transmission lines depends mostly on the fault position and
decreases with the distance from the generation point. For this reason the protection
must operate very quickly for faults very close to the generation (and relay) point, for
which very high fault currents are characteristic.

For this reason instantaneous, non-directional, phase-segregated, overcurrent protec-
tion (I0OC), which can operate in 15 ms (50 Hz nominal system frequency) for faults
characterized by very high currents, isincluded in some of the REx 5xx terminals. Refer
to the ordering information for more details.

The conventional distance protection can manage the fault clearance of earth-faultsin
most of the cases. In some applications, especially applications with long lines, the
clearance can be improved by use of an instantaneous earth-fault protection. Those are
for instance:

* Inthe case of high infeed of fault current from the opposite end of the line, this
might increase the fault resistance seen by the distancerelay to such avaluethat the
instantaneous step of the distance protection will not operate.

» Inapplications with series compensated lines, where the capacitor is located at the
end of theline and very strong infeed of fault current from that end, will resultin a
difficult problem for the distance protection to perform a selective fault clearance.
This due to the voltage reversal that might occur.
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The use of instantaneous overcurrent earth-fault protection is most suitable for long
linesin meshed transmission systems. It can also be used for radia lineswith low fault
current infeed from the opposite end of the line.

The instantaneous residual overcurrent function is very suitable as back-up protection
for phase to earth faults close to the terminal. This enables a short back-up faults clear-
ance time for the phase to earth faults with high fault current.

Theinstantaneous, non-directional, earth-fault overcurrent protection (I0OC), which can
operatein 15 ms (50 Hz nominal system frequency) for faults characterized by very
high currents, isincluded in some of the REx 5xx terminals. Refer to the ordering in-
formation for more details.

Functionality

The current-measuring elementswithin one of the built-in digital signal processors con-
tinuously measure the current in all three phases, and compare them with the IP>> set

value. Thelogical value of each phase current signal on the output of the digital signal

processor (STIL1, STIL2 and STIL3 respectively) isequal to 1 if the measured phase

current exceeds the preset value.

The measuring technic is based on measuring of the incoming residual current to the
terminal.

The current-measuring elementswithin one of the built-in digital signal processors con-
tinuously measure the zero sequence current, and compare it with the IN>> set value.
A recursive Fourier filter filtersthe current signals, and a separate trip counter prevents
high overreaching of the measuring elements. Thelogical vaue of the signal on the out-
put of the digital signal processor (I0C--STIN) isequal to 1 if the measured zero se-
quence current exceeds the pre-set value.

Design

The smplified logic diagram of the instantaneous phase overcurrent function is shown
in figure 104.

The overcurrent function is disabled if:

* Theterminal isin TEST mode (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlocklOC=Y es)

* Theinput signal IOC--BLOCK ishigh.
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The lOC--BLOCK signal isablocking signa of the instantaneous phase overcurrent
function. It can be connected to abinary input of theterminal in order to receive ablock
command from external devices or can be software connected to other internal func-
tions of the terminal itself in order to receive ablock command from internal functions.
Through OR gate it can be connected to both binary inputs and internal function out-
puts. The IOC--BLOCK signal blocks also the instantaneous residual overcurrent func-
tion, if thisisinstalled in the terminal.

When the instantaneous phase overcurrent function is enabled, the output tripping sig-
nalslOC--TRL1, IOC--TRL2, IOC--TRL3, IOC--TRP and IOC--TRIP can operate.
The duration of each output signal isat least 15 ms. This enables continuous output sig-
nals for currents, which go just alittle above the set operating value.

The single phase trip signals IOC--TRL 1, IOC--TRL2, and IOC--TRL3 arerelated to

L1, L2, and L3 phases and therefore also suitable for the single phase tripping with sin-
gle-phase auto-reclosing.

IOC - INSTANTANEOUS PHASE OVERCURRENT FUNCTION

| [TEsTACTIVE | | !

i
o
: | ‘BIockIOC = Yes Nj

Function Enable

'|0C--BLOCK

I

! 2 IOC--TRIP,
| >1 i
| 1 N \
i 2 l10C TRP)
- |
! . |OC--TRLY]
I IsTiLL i
| N |OC--TRL2|
stz i
| .
i 2 IOC--TRL3|
. |STIL3 |
| |

en01000077.vsd

Figure 104: Simplified logic diagram of instantaneous overcurrent protection
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The signal I0C--TRP isthe logic OR of the three single phase trips. It can be used to
trip the circuit breaker if only three phase operation is desired.

The IOC--TRIP output signal behaves as general instantaneous overcurrent trip when
in the REx 5xx terminal aso the instantaneous residual overcurrent function isimple-
mented; i.e. this signal will be activated in case of any single phase overcurrent or re-
sidual overcurrent detection. If only the instantaneous phase overcurrent function is
installed in the terminal, then this signal behaves exactly asthe signal I0C--TRP and
can be used for signalization.

The simplified logic diagram of the instantaneous phase overcurrent function is shown
in figure 105 "Simplified logic diagram of instantaneous residua overcurrent protec-
tion." on page 232.

The overcurrent function is disabled if:

* Theterminal isin TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlocklOC=Y es)

* Theinput signal IOC--BLOCK ishigh.

ThelOC--BLOCK signal isablocking signal of the overcurrent function. It can be con-
nected to a binary input in order to receive a block command from external devices or
it can be configured (software connection) to other internal functions within the termi-
nal itself, in order to receive ablock command from internal functions. Through OR
gates it can be connected to both binary inputs and internal function outputs.

When the overcurrent function is enabled, the output tripping signals IOC--TRN and
|OC--TRIP can operate. The duration of each output signal isat least 15 ms. Thisen-
ables continuous output signalsfor currents, which go just beyond the set operating val-
ue.

The lOC--TRN signal isrelated to the residual overcurrent trip.

The IOC--TRIP output signal behaves as general instantaneous overcurrent trip when
in the REx 5xx terminal aso the instantaneous phase overcurrent function isimple-
mented. |.e. thissignal will be activated in case of residual overcurrent detection or in
case of any single-phase overcurrent detection (IOC--STIL _: IOC--STIL1 or |OC--
STIL2 or IOC--STIL3). If only the residual overcurrent function isimplemented in the
terminal, then this signal behaves exactly as the signal IOC--TRN and can be used for
signalising.
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I0C - INSTANTANEOUS RESIDUAL OVERCURRENT FUNCTION
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Figure 105: Simplified logic diagram of instantaneous residual overcurrent protection.

Calculations

Setting instructions

This protection function must operate only in a selective way. So check all system and
transient conditions that could cause its unwanted operation.

Only detailed network studies can determine the operating conditions under which the
highest possible fault current is expected on the line. In most cases, this current appears
during three-phase fault conditions. But aso examine single-phase-to-earth and two-
phase-to-earth conditions.

Also study transientsthat could cause ahigh increase of the line current for short times.
A typical exampleisatransmission line with a power transformer at the remote end,
which can cause high inrush current when connected to the network and can thus also
cause the operation of the built-in, instantaneous, overcurrent protection.
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Meshed network without parallel line

The following fault cal culations have to be done for three-phase, single-phase-to-earth
and two-phase-to-earth faults. With reference to figure 106, apply afault in B and then
calculate therelay through fault phase current Iyg. The calculation should be done using
the minimum sourceimpedance valuesfor Z, and the maximum source impedance val-
ues for Zg in order to get the maximum through fault current from A to B.

| 8

A > B
Za Z. Zg

Relay

Fault

99000474.vsd

Figure 106: Through fault current from A to B: I

Thenafaultin A hasto be applied and the through fault current I hasto be calculated
(Figure 107). In order to get the maximum through fault current, the minimum valuefor
Zg and the maximum value for Z have to be considered.

-
Za n Z B Zg
@ — ]~ I | = @
Relay
Fault

99000475.vsd

Figure 107: Through fault current from B to A: Iy

The relay must not trip for any of the two trough fault currents. Hence the minimum
theoretical current setting (Imin) will be:
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Imin = MAX(Iga, )

(Equation 257)

A safety margin of 5% for the maximum protection static inaccuracy and a safety mar-
gin of 5% for the maximum possible transient overreach have to be introduced. An ad-
ditional 20% is suggested due to the inaccuracy of the instrument transformers under
transient conditions and inaccuracy in the system data.

The minimum primary setting (Is) for the instantaneous phase overcurrent protectionis
then:

Is=1,30min
(Equation 258)

The protection function can be used for the specific application only if this setting value
isequal to or lessthan the maximum fault current that therelay hasto clear (I infigure
108).

I e

—»
Z|_ BZB
|~ I | 2 —_~
Q ;'IT — | — Q
Relay

Fault
99000476.vsd
Figure 108: Fault current: Iy

The current transformer secondary setting current (Isgec) is:

I
_ ISEC
ISgec = Os

IpRIM

(Equation 259)
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Where | g isthe secondary rated current of themain CT and | pgyp, iSthe primary rated
current of the main CT.

Therelay setting value |P>> is given in percentage of the secondary base current value,
I, @ssociated to the current transformer input 1 1. The valuefor IP>> isgiven from this
formula:

Is
IP>> = —EC€ 100
lip
(Equation 260)

The parametersfor the instantaneous overcurrent protection functions are set viathelo-
cal HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual for
setting parameters and path in local HMI.

Meshed network with parallel line

In case of paralel lines, the influence of the induced current from the parallel lineto the
protected line has to be considered. One example is given in figure 109 where the two
lines are connected to the same busbars. In this case the influence of the induced fault
current from the faulty line (line 1) to the healthy line (line 2) is considered together
with the two through fault currents I, and lyg mentioned previously. The maximal in-
fluencefromthe parallel linefor therelay infigure 109 will bewith afault at the C point
with the C breaker open.

A faultin C hasto be applied, and then the maximum current seen from therelay (1), )

on the healthy line (this appliesfor single-phase-to-earth and two-phase-to-earth faults)
is calculated.
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Figure 109: Two parallel lines. Influence from parallel line to the through fault current:
Iy

The minimum theoretical current setting for the overcurrent protection function (Imin)
will be:

Imin = MAX(lga, g, )

(Equation 261)

Where I;5 and Isg have been described in the previous paragraph. Considering the safe-
ty margins mentioned previously, the minimum setting (Is) for theinstantaneous phase
overcurrent protection is then:

Is>1,3 Omin
(Equation 262)

The protection function can be used for the specific application only if this setting value
isegual or less than the maximum phase fault current that the relay has to clear.

The current transformer secondary setting current (ISsgc) is:



Instantaneous overcurrent protection Chapter 5
(10C) Current

1.4.2

lsec
Y

ISggc = s

(Equation 263)

Where | g isthe secondary rated current of the main CT and | pgy IS the primary sec-
ondary rated current of the main CT.

Therelay setting value |P>> is given in percentage of the secondary base current value,
l1, @ssociated to the current transformer input 1 1. The valuefor IP>> isgiven from this
formula:

Is
IP>> = —E€ 100
I1b
(Equation 264)

The parameters for the instantaneous overcurrent protection function are set viathe lo-
cal HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual for
setting parameters and path in local HMI.

Setting instructions

The residual overcurrent protection is very sensitive to the change of zero source im-
pedance. Since it must operate only in a selective way, it is necessary to check all sys-
tem and transient conditions that can cause unwanted operation.

Only detailed network studies can determine the operating conditions under which the
highest possiblefault current is expected on theline. In most cases, this current appears
during single-phase fault conditions. But aso examine two-phase-to-earth conditions,
since this type of fault can be higher than single-phase to earth fault in some cases.

Also study transients that can cause a high increase of the line current for short times.
A typical exampleisatransmission line with a power transformer at the remote end,
which can cause high inrush current when connected to the network and can thus also
cause the operation of the built-in, instantaneous, earth-fault protection.

Meshed network without parallel line

The following fault calculations have to be done for single-phase-to-earth and two-

phase-to-earth faults. With reference to figure 110 "Through fault current from A to B:
IfB" on page 238, apply afault in B and then calculate the relay through fault residual
current l¢g. The calculation should be done using the minimum source impedance val-
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ues for Z, and the maximum source impedance values for Zg in order to get the maxi-
mum through fault current from A to B. The zero sequence source impedances are of
great importance.

B
ZL | Zp
Ja) [ ] [ ]
T S

Fault

99000474.vsd

Figure 110: Through fault current from A to B: Ig

Then afault in A hasto be applied and the through fault residual current |5 has to be
calculated (Figure 111 "Through fault current from B to A: IfA" on page 238). In order
to get the maximum through fault current, the minimum value for Zg and the maximum
value for Z, have to be considered.

-

Za n Z B Zp
e —iE—0
Relay
Fault

99000475.vsd

Figure 111: Through fault current from B to A: Iy

The relay must not trip for any of the two trough fault currents. Hence the minimum
theoretical current setting (Zmin) will be:
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Imin = MAX(l;, lia)
(Equation 265)

A safety margin of 5% for the maximum protection static inaccuracy and a safety mar-
gin of 5% for the maximum possible transient overreach have to be introduced. An ad-
ditional 20% is suggested due to the inaccuracy of the instrument transformers under
transient conditions and inaccuracy in the system data.

The minimum setting (Is) for the instantaneous residual overcurrent protection is then:

Is>1,3 Omin
(Equation 266)

The protection function can be used for the specific application only if this setting value
is equal or less than the maximum fault current that the relay hasto clear (I in Figure
112 "Fault current: IF" on page 239).
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Figure 112: Fault current. I

The current transformer secondary setting current (Isgg) is:

I
SEC
lpRIM

ISSEC S

(Equation 267)
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The parametersfor the instantaneous overcurrent protection functions are set viathelo-
cal HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual for
setting parameters and path in local HMI.

Note: »=1,2,3 or 4, depending on which group to set.

Meshed network with parallel line

In case of parallel lines, theinfluence of theinduced current from the parallel lineto the
protected line has to be considered. One exampleis given in figure 113 "Two parallel
lines. Influence from parallel line to the through fault current: IM." on page 240, where
thetwo lines are connected to the same busbar. I n this case the influence of the induced
residual fault current from the faulty line (line 1) to the healthy line (line 2) is consid-
ered together with the two through fault currents I, and Itg mentioned previously. The
maximal influence from the parallel linefor therelay in Figure 113 "Two parallel lines.
Influence from parallel line to the through fault current: IM." on page 240 will be with
afault at the C point with the C breaker open.

A fault in C has to be applied, and then the maximum current seen from the relay (1)
on the healthy line (this appliesfor single-phase-to-earth and two-phase-to-earth faults)
is calculated.

Line 1
A C B
2
_/
ZA ZB
(~— 7 Faué v H_—(~)
2
I 99000477.vsd
—M
Relay Line 2

Figure 113: Two parallel lines. Influence from parallel line to the through fault current:
Iy

The minimum theoretical current setting for the residual overcurrent protection func-
tion (Imin) will be:
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Imin=MAX(l¢a, ligs 1)
(Equation 268)

Where l¢5 and lsg have been described in the previous paragraph. Considering the safe-
ty margins mentioned previously, the minimum setting (Is) for the instantaneous phase
overcurrent protection is then:

Is=>1,3 0min
(Equation 269)

The protection function can be used for the specific application only if this setting value
isequal or less than the maximum residual fault current that the relay hasto clear.

The current transformer secondary setting current (ISgec) iS:

Isec
lpRriM

(Equation 270)

Set this value under the setting menu:

Settings
Functions
Groupn
InstantOC

Note: n=1,2,3 or 4, depending on which group to set.
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Time delayed overcurrent protection (TOC)

Application

The time delayed phase overcurrent protection can be used asindependent overcurrent
protection, particularly for radially fed systems, or as back-up protection to the main
distance or line differential protection functions. In the first case the protected zone of
the time delayed overcurrent protection reaches upto the next overcurrent protection
and works in its zone as back-up protection. The programmable time delay (definite
time) of the function allows the time selectivity through an appropriate time grading
among the overcurrent relays protecting the system.

Where the function acts as back-up for the main line protection, the trip from the over-
current protection can be activated when the main protection function is blocked (e.g.
by the fuse failure protection) or it can be active al the time.

In some cases, whereit could be difficult to achieve aselectivetrip, the function can be
used as a helpful overcurrent signallization for the post-fault analysis.

Thetime delayed residual overcurrent protection (TOC) which is an earth-fault protec-
tion, servesasabuilt-in local back-up function to the main protection function. In most
cases, it is used as a back-up for the earth-fault measuring in distance protection.

The function isintended to be used in solidly earthed systems.

Thetime delay makesit possible to set the relay to detect high resistance faults and till
perform selective trip.

The protection, which isnon-directional, isincluded in some of the REx 5xx terminals.
Refer to the ordering information for more details.

Functionality

The current-measuring elementswithin one of the built-in digital signal processors con-
tinuously measure the current in al three phases, and compare them with the P> set
value. A recursive Fourier filter filters the current signal's, and a separate trip counter
prevents high overreaching of the measuring elements. Thelogical value of each phase
current signal on the output of the digital processor (STIL1, STIL2 and STIL3 respec-
tively) isequal to 1 if the measured phase current exceeds the set value. These signals
will instantaneoudly set their respective output starting signals (TOC--STL1, TOC--
STL2, TOC--STL3), if the function is not blocked.
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If any of the three phase currents exceeds the set value for a period longer than the set
time tP, then athree phase trip is generated from the output signal TOC--TRP.

The current-measuring element within one of the built-in digital signal processors con-
tinuously measures the residual current (310), and compares it with the IN> set value.
A recursive Fourier filter filters the current signal, and a separate trip counter prevents
high overreaching of the measuring element. Thelogical value of the signal on the out-
put of the digital signal processor (TOC--STIN) iseqgual to 1 if the measured residual
current exceeds the pre-set value. This signal will instantaneously set the output start
signal (TOC--STN), unless the function is blocked (see “Design”).

The function trip signal (TOC--TRN) can be delayed 0-60 s.

If the residual current exceeds the set value for a period longer than the set value, then
athree phasetrip is generated from the output signal TOC--TRN.

Design

The simplified logic diagram of the time delayed phase overcurrent function is shown
infigure 114.

The function is disabled (blocked) if:

* Theterminal isin TEST mode (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockTOC=Y es).

* Theinput signal TOC--BLOCK ishigh.

The TOC--BLOCK signal isablocking signal of the time delayed phase overcurrent
function. It prevents the activation of any trip or starting output signal. It can be con-
nected to a binary input of the terminal in order to receive a block command from ex-
ternal devices or can be software connected to other internal functions of the terminal
itself in order to receive ablock command from internal functions. Through OR gate it
can be connected to both binary inputs and internal function outputs. The TOC--
BLOCK signal blocks also the time delayed residual overcurrent protection, if thisis
installed in the same REx 5xx terminal.

When the function is enabled, thereis still the possibility to block the output trips only,
without affecting the start signals, that will always be active. This can be obtained with
the function input TOC--BLKTR. Similarly to the TOC--BLOCK signal, also the time
delayed residual overcurrent protection, if present in the terminal, is blocked from
TOC-BLKTR.

The duration of each output signal isat least 15 ms. This enables continuous output sig-
nalsfor currents, which go just alittle above the set operating value.
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Theoutput trip signal TOC--TRPisathree phasetrip. Single phaseinformationisavail-
able from the starting signals, that are phase segregated.

The TOC--TRIP output signal behaves as general time delayed overcurrent trip when
in the REx 5xx terminal also the time delayed residual overcurrent function isimple-
mented; i.e. thissignal will be activated in case of any time delayed overcurrent or time
delayed residual overcurrent trip. If only the time delayed phase overcurrent functionis
installed in the terminal, then this signal behaves exactly as the signal TOC--TRP and
can be used for signallization.

TOC - TIME DELAYED PHASE OVERCURRENT FUNCTION

P
' | TEST-ACTIVE

d TOC--TRIP|
|

TOC--TRPI

|

|

|

!l N & |

| [Bockros=ves | | i
VL ] ! i
|

|

i
STP|

— =1
. — |
| — & STL1,
| |sTiL1 i
! — & STL2|
| |STIL2 |
I L STL3|
. & d
| |STIL3 |
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Figure 114: Simplified logic diagram of time delayed phase overcurrent protection

The simplified logic diagram of the time delayed earth-fault protection is shown in fig-
ure 115.

The time delayed residual function is disabled if:

e Theterminal isin TEST status (TEST-ACTIVE ishigh) and the function has been
blocked from the HMI (BlockTOC=Y es).

e Theinput signa TOC--BLOCK is high.

The TOC--BLOCK signal isablocking signal of the earth-fault function. It blocks the
whole function and prevents the activation of any trip or starting output signals.
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It can be connected to abinary input in order to receive ablock command from external
devicesor it can be configured (software connection) to other internal functionswithin
the terminal itself, in order to receive ablock command from internal functions.
Through OR gatesit can be connected to both binary inputs and internal function out-
puts.

When the residual overcurrent protection is enabled, thereis still apossihility to block
thetrip output only, without affecting the start signal's, which alwayswill be active. The
input which provides this function is TOC--BLKTR.

The duration of each output signal isat least 15 ms. This enables continuous output sig-
nalsfor currents, which go just alittle beyond the set operating value.

The TOC--TRN signal isrelated to the residual overcurrent trip.

The TOC--TRIP output signal behaves as general time delayed overcurrent trip when
in the REx 5xx terminal a so the time delayed phase overcurrent function isimplement-
ed. |.e. thissignal will be activated in case of delayed residual overcurrent trip or in case
of time delayed phase overcurrent trip. If only the residual overcurrent functionisim-
plemented in theterminal, then thissignal behavesexactly asthe signal TOC--TRN and
can be used for signalization.

TOC - TIME DELAYED RESIDUAL OVERCURRENT FUNCTION

| TOC--BLKTR

Trip Blocking d tN

|
|
|
|
|
|

|
IToc--BLOCK

| [TEST-AcTivE
: BlockTOC= Yes ]

TOC--TRIP|
|
TOC-TRN

Function Enable

& TOC--STN|

en01000076.vsd |

Figure 115: Simplified logic diagram of the TOC-- protection function.
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Calculations

Setting instructions

The current setting value must be selected to permit the detection of the lowest short

circuit current without having any unwanted tripping or starting of the function under
normal load conditions. The following relation has to be considered for the setting of
the primary operating current (Is) of the function:

1.2 Lnlzax <ls <0.7 Ofmin

(Equation 271)

Where:

ILmax is the maximum permissible load current of the
protected unit,

IFmin is the minimum fault current that the relay has to
clear. The values 1.2 and 0.7 are safety factors
and

K is the reset ratio of the overcurrent function:
0.95.

The settable time delay tP allows the time selectivity of the overcurrent function, ac-
cording to the time grading plan of all the other overcurrent protections in the system.
The time setting value should also consider transients that could cause a high increase
of theline current for short times. A typica exampleisatransmission linewith apower
transformer at the remote end, which can cause high inrush current when energized.

Where the time delayed overcurrent function is used as back-up of impedance protec-
tion, normally the time delay is set higher than the time delay of distance zone 2 (or 3)
in order to avoid interferences with the impedance measuring system.

Setting of operating current IP>

If Isisthe primary setting operating value of the function, than the secondary setting
current (Isgzc) is:

|
SEC g
IpRIM

ISggc =

(Equation 272)
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Where:
Isec is the secondary rated current of the main CT
and
IpPRIM is the primary rated current of the main CT.

The relay setting value IP> is given in percentage of the secondary base current value,
l1p, associated to the current transformer input 11. The value for IP> is given from this
formula:

Issec

P> = |
1b

[1oo

(Equation 273)

The parameters for the time delayed overcurretn protection functions are set viathe lo-
cal HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual for
setting parameters and path in local HMI.

Setting instructions

The residual overcurrent protection is very sensitive to the change of zero source im-
pedance. Since it must operate only in a selective way, it is necessary to check al sys-
tem and transient conditions that can cause unwanted operation.

The settings should be chosen in such away that it can detect high resistance faults on
the protected line and till be selectiveto other residual time delayed protectionsin both
forward and reverse directions. The time setting value should also consider transients
that can cause a high increase of the residual line current for short times.

A typical exampleis atransmission line with a power transformer at the remote end,
which can cause high inrush current when being energised.

In well transposed system, thefal se earth-fault current is normal ly lower than 5% of the

line current. For non transposed lines a considerably higher false residual current may
be found.
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In case of extremely short or not fully transposed parall €l lines, thefal seresidual current
must be measured or calculated when maximum sensitivity is desired. Generally, 80 A
is recommended as a minimum primary operation value for the residual overcurrent
protection.

General criteriafor the primary current setting value of the time delayed residual over-
current protection is given in the formula below:

1.3 0 Rmax<Is <0.7 Ofmin

(Equation 274)

Where:

IRmax is the maximum permissive residual current flowing in the protection unit during
normal service conditions and

IFmin is the minimum residual fault current that the relay has to clear.
13 and
0.7 are safety factor values.

Setting of operating current IN>
If Isisthe primary setting operating value of the function, then the secondary setting
current (ISsgc) is.

|
_ 'SEC
ISgec = T s
PRIM

(Equation 275)

where | e isthe secondary rated current of the main CT and I pg)\ iSthe primary rated
current of the main CT.

Therelay setting value IN> is given in percentage of the secondary base current value,
14b, associated to the current transformer on input 14. The value for IN> is given from
the formula
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ISSEC
S = ==
IN b 100

(Equation 276)

The parameters for the time delayed overcurrent protection functions are set viathe lo-
cal HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual for
setting parameters and path in local HMI.
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Two step time delayed phase overcurrent
protection (TOC2)

Application

The time delayed phase overcurrent function is to be used as short-circuit protection in
three phase networks operating at 50 or 60 Hz. It isintended to be used either as primary
protection or back-up protection for differential functions or impedance measuring
functions.

In radial networksit is often sufficient to use phase overcurrent relays as short circuit
protection for lines, transformers and other equipment. The current time characteristic
should be chosen according to common practice in the network. It is strongly recom-
mended to use the same current time characteristic for al overcurrent relaysin the net-
work. Thisincludes overcurrent protection for transformers and other equipment.

Thereisapossibility to use phase overcurrent protection in meshed systems as short cir-
cuit protection. It must however be realized that the setting of a phase overcurrent pro-
tection systemin meshed networks, can bevery complicated and alarge number of fault
current calculations are needed. There are situations where there is no possibility to
have selectivity with a protection system based on overcurrent relaysin a meshed sys-
tem.

The measuring function contains one current measuring element for each phase, each

of them with alow set and a high set measuring step. The low set step can have either
definite time or inverse time characteristic. The characteristics available are extremely
inverse, very inverse, normal inverse or Rl inverse. The high set step has definite time
delay.

The settings are common for all phases but both the low and high set step can be set On/
Off individually and also have individual inputs for blocking.

Functionality

Thetimedelayed overcurrent protection isused as short-circuit protection in power sys-
tems, either asthe primary protection or as aback-up function for selective differentia
protection or impedance measuring protection. The protection function comprises of
measuring circuitsfor the three phase currents, each with alow and high current setting.
Thelow current setting has definite or inverse time-delay while the high current setting
has only definite time-delay. The measuring circuits share common settings for all
phases, however, both the low and high current settings can be blocked or enabled in-
dependent of the other setting.
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| TOC2-BLKTRH§ &

Figure 116 shows asimplified logic diagram for the two step phase overcurrent protec-

tion.
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Figure 116: Two step time delayed phase overcurrent protection, simplified logic dia-

gram

Calculations

Setting instructions

The parameters for the two step definite and inverse time delayed overcurrent protec-
tion function are set viathe local HMI or PST (Parameter Setting Tool). Refer to the
Technical reference manual for setting parameters and path in local HMI.
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The phase overcurrent protection can be used in different applications. In most applica-
tionsit isrequired that all short circuits within a protected zone shall be detected and
cleared and the fault clearance shall be selective. Asthe protection can be used in sev-
eral applications only some examples are discussed.

Line protection in radial network

The phase overcurrent protection is suitable to usein radia systems without any fault
current infeed from the radial feeders.

The pick up current setting (inverse time relays) or the lowest current step (constant
timerelays) must be given acurrent setting so that the highest possibleload current does
not cause relay operation. Here consideration also hasto be taken to the relay reset cur-
rent, so that ashort peak of overcurrent does not cause operation of therelay even when
the overcurrent has ceased.

The lowest setting val ue can be written:

ls21.205 =
(Equation 277)
Where:
1.2 is a safety factor due to load estimation uncertainty etc.,
k the resetting ratio of the relay (about 0.95) and
Imax the maximum load current.

The maximum load current on the line hasto be estimated. From operation statisticsthe
load current up to the present situation can be found. Also emergency situations must
be considered.

Thereis also ademand that all faults, within the zone that the protection shall cover,
must be detected by the phase overcurrent relay. The minimum fault current Iscmin, to
be detected by therelay, must be cal culated. Taking thisvalue asabase, the highest pick
up current setting can be written:

l4<0.70

scmin
(Equation 278)
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Where:

0.7 is a safety factor, due to calculation uncertainty and

Iscmin the smallest fault current to be detected by the overcurrent protection.

Asasummary the pick up current shall be chosen within the interval:

|
12 <1,<0.70

Kk scmin

(Equation 279)

The high current function of the overcurrent relay, which only has a short or no delay
of the operation, must be given a current setting so that the relay is selective to other
relaysin the power system. It is desirable to have arapid tripping of faults within as
large portion as possible of the part of the power system to be protected by the relay
(primary protected zone). A fault current calculation givesthe largest current of faults,
Iscmax, at the most remote part of the primary protected zone. Considerations have to
be made to therisk of transient overreach, due to a possible dc component of the short
circuit current. The lowest current setting of the most rapid stage, of the phase overcur-
rent relay, can be written:

Ihigh 212 ERt |:ﬂscmax
(Equation 280)
Where:
1.2 is a safety factor, due to calculation uncertainty
ki is a factor that takes care of the transient overreach due to the DC component of
the fault current. kt is less than 1.05 if the power system time constant is less
than 100 ms.

lscmax is the largest fault current at a fault at the most remote point of the primary pro-
tection zone.
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The operatetimes of the phase-overcurrent protection haveto be chosen so that the fault
timeisso short that equipment will not be damaged dueto thermal overload, at the same
time selectivity isassured. For overcurrent protection, in aradial fed network, the time
setting can be chosen in agraphica way. Thisismostly used in the case of inversetime
overcurrent protections.

Line protection in meshed network
The current setting can be made in the same way asfor radial networks but observe the

possibility to get high fault currentsin the reverse direction if the adjacent station have
low source impedance.

If inverse time characteristics are used with equal current and time setting for all phase
current protectionsin the system the sel ectivity is assured as long asthere are more than
two bays carrying fault current to each substation. Sometimes thisis however impossi-
ble due to the fault current distribution between the different lines.

If definitetime characteristic isused the co-ordination between the different phase over-
current line protectionsis done by means of current setting.

Asthe phase overcurrent protection often isused as aback-up protection of lines, where
adistance protection is the main protection, relatively long operation times are accept-
able for the phase overcurrent protection.

Setting characteristics
The following formulas are vaid for the inverse time characteristic:

Table 11: Formulas for the inverse time characteristic

Characteristic: Time delay(s):
Normal inverse 0,14
t= <55 1 [k (Equation 281)
1 —
Very inverse 13,5
t= -1 Ck (Equation 282)
Extremely inverse 80
t= |2 _1 [k (Equation 283)
Rl inverse
t= 1 k -
0,339 [{0, 236)/I0] (Equation 284)
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where:
I denotes (measured current)/ I>Inv and

k is a time multiplier factor, settable in the range of 0.05 to 1.10.

The decisive factors for the setting of inverse time characteristic are the allowable time
for disconnection of fault at minimum fault current that the function shall operate for
together with selectivity at maximum fault current.
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Two step time delayed directional phase
overcurrent protection (TOC3)

Application

The time delayed phase overcurrent function is to be used as short-circuit protection in
three phase networks operating at 50 or 60 Hz. It isintended to be used either as primary
protection or back-up protection for differential functions or impedance measuring
functions.

In radial networksit is often sufficient to use phase overcurrent relays as short circuit
protection for lines, transformers and other equipment. The current time characteristic
should be chosen according to common practice in the network. It is strongly recom-
mended to use the same current time characteristic for al overcurrent relaysin the net-
work. Thisincludes overcurrent protection for transformers and other equipment.

Thereis a possibility to use phase overcurrent protection in meshed systems, as short
circuit protection. It must however be realized that the setting of a phase overcurrent
protection system in meshed networks, can be very complicated and alarge number of
fault current calculations are needed. There are situations where there is no possibility
to have selectivity with a protection system based on overcurrent relays in a meshed
system.

In some applications the possibility of obtaining selectivity can be improved signifi-
cantly if adirectional phase overcurrent function isused. Thiscan bethe casein meshed
networks and in radial networks with generation connected remote in the system, thus
giving fault current infeed in “reverse” direction.

The measuring function contains one current measuring element for each phase, each

of them with alow set and a high set measuring step. The low set step can have either
definite time or inverse time characteristic. The characteristics available are extremely
inverse, very inverse, normal inverse or Rl inverse. The high set step has definite time
delay.

The settings are common for all phases but both the low and high set step can be set On/
Off individually and aso got individual inputs for blocking.
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4.2 Functionality
4.21 Theory of operation and design

Current measuring element

The current measuring el ement continuously measures the current in all phases and
comparesit to the set operating valuesfor thetwo steps. If the current isabove set value
the corresponding output signal will be set. If the current is above both the setting
I>Low and I>Inv theinverse time evaluation according to choosen characteristic starts
and the INV signal sets after corresponding time. A filter ensures immunity to distur-
bances and DC-components and minimizesthe transient overreach. A simplified block
diagramisfound in figure 117. The function is true phase segregated. This means that
there are identical measuring elements in each phase.

: Characteristic= Def/NI/VI/EI/RI l\\} NI, VI, EI, RI
\g>|nv STINVL1-int (L2,L3)

I>High

STHSL1-int (L2,L3)

I
I
I
I
I
| I>Low i
i, i) 1 |:_,— [ STLSL1-int (L2,L3) I
I
I
I
I
I
I

en01000175.vsd

Figure 117: Simplified block diagram for definite and inverse time delayed phase over-
current function

The inverse time delay can be set for different characteristics by the setting Character-
istic = X, the x is choosen from the following:

1. Def (Definite time)

2. NI (Normal inverse)

3. VI (Very inverse)

4. El (Extremely inverse)

5. RI (Inverse time corresponding to relays of type RI)

With setting Characteristic = Def the signal INV will be set to zero.

The different inverse time characteristics are defined in the “ Technical reference man-
ual”.
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Directional overcurrent function

The directional overcurrent function uses the information from the current measuring
elements as described intitle and the directional impedance measuring element as de-
scribed for the distance protection function, to create the directional overcurrent func-
tion.

Directional phase selection

In order to use correct directional information during all types of faultsthe functionis
provided with a simple phase selection. The phase selection is assigned to distinguish
between phase to earth faults and phase to phase faults.

The criteriafor the two indications that are regarded in the function are:

Phase to earth fault (PE FAULT):

30y=0.5 OMinOp

(Equation 285)

and

30,=INReleasePE 100 Dphmax

(Equation 286)

Phase to phase fault (PP FAULT):

30,<0.211,

(Equation 287)

OR

300 <INBIOCkPP /100 [y

(Equation 288)

If the criteriafor PE FAULT are fulfilled the phase to earth directiona indications are
used and if the criteriafor PP FAULT are fulfilled the phase to phase directional indi-
cationsare used. If al criteriaare met, then only the directional indicationsfor phaseto
phase arereleased. The aim isto preserve the phase to phase measurement also during
two-phase to ground faults with high residual current (at least as long asthe criteriaal-
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lows, see equations above). However, the directional indications will appear also for
healthy phases and in the phase to phase case the indications would overlap in an un-
wanted manner because the overcurrent evaluation is performed per phase only (both
forward and reverse can be indicated for one phase, simultaneously). So in order to es-
tablish a complete directional phase selection the one and only faulty loop must be sin-
gled out. Thisis done by means of releasing the directional indication with the
corresponding overcurrent indications (overcurrent in two phasesis required, figure
118).

PE FAULT
&

= L1

PP FAULT
I & L1L2

>1 DFWL1 - int.

DIRFWLIN - int | | e

i

i

|

|

| DIRFWLI1L2 - int 1
| L2
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i

I

|

L1L2 DFWL2 - int.
- =1
STLSL1 - int o3 2

STHSL1 - int 21

STLSL2 - int
STHSL2 - int 21

DFWL3 - int.
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Figure 118: Excerpt from directional phase selection

Consider the case where areverse fault is cleared and the prefault forward load condi-
tions areretrieved. So, in order not to issue afalsetrip if the reversal indication is de-
activated (or the forward indication becomes active) before the overcurrent indication
drops, thereversal of directionisactually held back during 50 ms according to thelogic
of figure *** "Current reversal logic for one phase and one set step’ on page 260 ***,
Each phase and each set stage is provided with an individual logic circuit (six circuits
in all) to allow operation during simultaneous earth faults (one forward, one reverse).
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Figure 119: Current reversal logic for one phase and one set step

General overcurrent operating principles

The low and high set steps can individually be set directional or non-directional. If set
in non-directional mode the overcurrent function only usesthe signals from the current
measuring elements as seen from figure 117. In directional mode there are two modes
of operation, forward rel ease and reverse block denoted ForwRel ease and RevBlock re-
spectively. The principles of these three modes of operation areillustrated in figure 120.

T T T T T T T T T hl
Operation (Low) = NonDir

| STLSL1-int STARTLSL1-int.

Operation (Low) = ForwRelease

| |
| |
| |
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| |
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| |
i !

Operation (Low) = RevBlock
. STLSLI-int
I RVLL-int &

STARTLSL1-int.

S |
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Figure 120: Directional operation modes of TOC3

In forward release operation mode a criteria that indicates that the fault isin forward
direction is needed for tripping. Since the directional function needs voltage for the di-
rectional check it will not be ableto operate when switching in aline against apersistent
close-up three phase fault if voltageis measured on the line side of the breaker. A solu-
tion to this might be to use the SOTF function for the distance protection, with output
TOC3-STND as acceleration signal.
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In reverse block operation mode a criteriathat indicates that the fault isin reverse di-
rection is used for blocking the function. In this case thereis no problem switchingin a
line against a persistent close-up three phase fault even if voltage is measured on the
line side of the breaker since the directional function will not issue any reverse signal.

The generd principles of time delay for the two steps of the overcurrent function isdis-
played in the following figure 121.
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| |
. tLow L
| _ Mininy “ ] TRLSLL-nt, |
| STARTLSLL-int | in == |
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| _ |
i High set step I
' , tHigh o
| STARTHSLL-int ,t—g| TRHSLL-int. |
! ] !
e e e e e e e e e e e e e e e e — . Jd

en01000157.vsd

Figure 121: Delayed time operation for low set step and general time delay

General trip signals are derived from the phase segregated starts according to figure
122.
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Figure 122: General trip

With setting Characteristic = Def (figure 121) the signal TOC3-TRL Swill be activeif,
at least, one of the phase currents exceeds the set value I>Low for the low set step, and
if the directional criterion isfulfilled for alonger time than the set delay tLow.

With setting Characteristic = NI/VI/EI or RI (figure 121) we have the following: If, at
least one of the phase currents exceeds the set value I>Low, the timer circuit tMinlnv
is activated together with the inverse time measuring circuit (figure *** 'Simplified
block diagram for definite and inversetime delayed phase overcurrent function’ on page
257 ***) in order to calculate the operating time. The operating time is determined by
the magnitude of the current, characteristic choosen, set characteristic current 1>Inv and
time multiplier k. When both the inversetime and tMininv have elapsed the timer tLow
will be activated and after itstimeiselapsed thesignal TOC3-TRL Sisactivated. It must
be observed that the time delay of operation, if inversetime characteristicsis used, will
be the sum of the inverse time delay and the tLow setting.

The timer circuit tMinInv (figure 121) can be used to achieve a defined minimum op-
erating time at high fault currents. The timer circuit tLow can be used for adding an ad-
ditional time delay to the inverse time characteristic.

Thesignal TOC3-TRHSwill be activeif one of the phase currents exceedsthe set value
I>High for alonger time than the set delay tHigh at the sametime as TOC--BLKTRSH
and TOC--BLOCK are not present.

An external signal connected to TOC3_BLKTRLS will block tripping from low set
step. The step can aso be blocked with the setting Operation Low= Off.
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An external signal connected to TOC3_BLKTRHS will block tripping from high set
step. The step can also be blocked with the setting Operation High= Off.

An external signal connected to TOC3_BL OCK will block both low and high set steps.

Figure 123 illustrates how the start signals are formed.

| ==

|
| STLSL1-int |
STHSL1-int =1 TOC3--STNDL1
\ | & /—/———————
| STLSL2-int |
| STHSL2-int =1 TOC3--STNDL2,
—O) &
I STLSL3-int \
| STHSL3-int >1 g |TOC3-STNDLS,
| —O) ‘
| |
| >1 TOC3--STND
| L |
‘ 21 TOC3--STNDLS|
| L J & —
| Ll ‘
| FWL1-int & 5 ‘
JEWL2-int 31 = N TOC3--STEW,
| EWL3-int — +—9 |
‘ |
\ . S L1
RVL1-int & 2 !
'RVL2-int 31 21 2 TOC3--STRV|
| RVL3-int — +— |
'TOC3--BLOCK poms ‘
|

en01000159.vsd

Figure 123: Start signals

As the phase segregated start signals are non directional, and used for indication only,
there is no possibility to use a phase segregated transfer trip scheme. A three-phase

transfer trip scheme will be applicable using the output TOC3-STFW or TOC3-STRV,
keeping in mind the performance expected during simultaneous faults on parallel lines.
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Calculations

Setting instructions

The directional phase overcurrent protection can be used in different applications. In
most applicationsit is required that all short circuits within a protected zone shall be
detected and cleared and the fault clearance shall be selective. Asthe protection can be
used in several applications only some examples are discussed.

Line protection in a radial network

The directional phase overcurrent protection is suitable to usein radial systemswith
generation connected out in the system. In such a network the fault current can be fed
both in the forward and reverse direction. Normally the protection will detect and trip
faultsin the forward direction.

The pick up current setting (inverse time functions) or the lowest current step (constant
time functions) must be given a current setting so that the highest possible load current
does not cause operation of the function. The reset ratio of the function hasto be taken
into consideration, so that a short peak of overcurrent does not cause operation of the

protection even when the overcurrent has ceased.

The lowest setting val ue can be written:

ls21.205 =
(Equation 289)
Where:
1.2 is a safety factor due to load estimation uncertainty etc.,
k the resetting ratio of the relay (about 0.95) and
Imax the maximum load current.

The maximum load current on the line hasto be estimated. From operation statisticsthe
load current up to the present situation can be found. Also emergency situations must
be considered. The current setting must be valid also for some years ahead.

Thereis also ademand that all faults, within the zone that the protection shall cover,
must be detected by the phase overcurrent relay. The minimum fault current Iscmin, to
be detected by therelay, must be cal culated. Taking thisvalue asabase, the highest pick
up current setting can be written:
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l;<0.70

scmin
(Equation 290)

Where:
0.7 is a safety factor, due to calculation unsertainty and
Iscmin the smallest fault current to be detected by the overcurrent protection.

Asasummary the pick up current shall be chosen within the interval:

|
1.2[»%9350.7 0

scmin

(Equation 291)

The high current function of the overcurrent protection, which only has a short or no
delay of the operation, must be given a current setting so that the protection is selective
to other protectionsin the power system. It is desirable to have arapid tripping of faults
within aslarge portion as possible of the part of the power system to be protected by the
relay (primary protected zone). A fault current calculation gives the largest current of
faults, Iscmax, at the most remote part of the primary protected zone. Therisk of tran-
sient overreach, due to a possible DC component of the short circuit current has to be
taken into consideration. Thelowest current setting of the most rapid stage, of the phase
overcurrent relay, can be written:

Ihigh =212 Ekt |:I]scmax
(Equation 292)
Where:
1.2 is a safety factor, due to calculation unsertainty
ki is a factor that takes care of the transient overreach due to the DC component of
the fault current. kt is less than 1.05 if the power system time constant is less
than 100 ms.

lscmax is the largest fault current at a fault at the most remote point of the primary pro-
tection zone.
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The operate times of the phase overcurrent relay have to be chosen so that thefault time
isso short that equipment will not be damaged dueto thermal overload, at the sametime
selectivity isassured. For overcurrent protectionin aradial fed network, thetime setting
can be chosen in agraphical way. Thisis mostly used in the case of inverse time over-
current protection.

Line protection in meshed network
The current setting can be made in the same way as for radia networks.

If inverse time characteristics are used with equal current and time setting for all phase
current protectionsin the system the sel ectivity isassured aslong asthere are more than
two bays carrying fault current to each substation. Sometimes thisis however impossi-
ble due to the fault current distribution between the different lines.

If definite time characteristic is used the coordination between the different phase over-
current line protections are done by means of current setting.

Asthe phase overcurrent protection often isused as aback-up protection of lines, where
adistance protection is the main protection, relatively long operation times are accept-
ablefor the phase overcurrent protection.

Setting characteristics
The setting parameters and ranges are shown in the setting table.

Following formulas are valid for the inverse time characteristic:

Table 12: Formulas for the inverse time characteristic

Characteristic: Time delay(s):
Normal inverse 0,14

t= 0.02 1 0k (Equation 293)

1 —

Very inverse 13,5

t= _l ) k (Equation 294)
Extremely inverse 80

t= |2 1 [k (Equation 295)
Rl inverse

_ 1 X .
= 5.339- 10, 236)/ 10 (Equation 296)
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Where:
I denotes (measured current)/ I>Inv and

k is a time multiplier with setting range 0,05 - 1,10.

The decisive factors for the setting of inverse time characteristic are the allowable time
for disconnection of fault at minimum fault current that the function shall operate for
together with selectivity at maximum fault current.

The parameters for the two step time delayed directional phase overcurrent protection

functions are set viathelocal HMI or PST (Parameter Setting Tool). Refer to the Tech-
nical reference manual for setting parameters and path in local HMI.
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Definite and inverse time-delayed residual
overcurrent protection (TEF)

Application

This earth-fault overcurrent protection isintended for solidly earthed networks.

Earth-fault overcurrent protection

In case of single-phase earth-faults, the primary fault resistance varies with the network
conditions, the type of fault and location of the fault. In many cases, the fault resistance
is much higher than the resistance that can be covered by an impedance-measuring dis-
tance protections. This can be the case with a phase to earth fault to atower with large
tower footing resistance.

Earth-faults with high fault resistances can be detected by measuring the residual cur-
rent (3l).

The inrush current can cause unwanted tripping of the earth-fault overcurrent relay

when energizing adirectly earthed power transformer. The earth-fault overcurrent pro-
tection istherefore provided with second harmonic restraint, which blocksthe operation
if theresidual current (3l) contains 20% or more of the second harmonic component.

In some cases, it is possible to improve the selectivity by adding a settable minimum
operate current (IMin) and aminimum operate time (tMin) to theinverse characteristic.
These functions are included in the earth-fault protection modules.

To minimize the operate time, in case of closing the circuit breaker to afault, the resid-
ual overcurrent protection moduleis provided with aswitch-onto-fault logic, which can
be activated at breaker closure. The tripping time will temporarily be reduced to

300 ms.

In order to achieve the most sensitive earth fault protection the non-directional function
can be used. Astheresidual current isnormally very small during normal operation the
setting value can be set very low. In case of small residual currents, dueto high resis-
tance phaseto earth faults or seria faults, theresidual voltagein the system can be very
low. A serial fault can be caused by broken phase conductor(s) with no contact to earth,
or pole discrepancy in acircuit breaker or a disconnector. The most common type of
serial fault is pole discrepancy at breaker maneuvers.

Asthe residual voltage is often very small at high resistance earth faults and seria
faults, any directional element can not be used.
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Thefunction can have different types of time-current characteristics; definitetime delay
or different types of inverse time delay. By using the inverse time delay characteristics
some degree of selectivity between non-directional residual protection can be achieved.

Directional earth-fault protection is obtained by measuring the residual current and the
angle between this current and the zero-sequence voltage (3U).

It is possible to obtain the polarizing voltage (-3Ug) from an open deltawinding in the
voltage transformer or via summation of the three phase voltages supplied to the termi-
nal.

The 3l current lags the polarizing voltage (-3Ug) by a phase angle equal to the angle
of the zero-sequence source impedance. In solidly earthed networks, thisangleisin the
range of 40° to nearly 90°. The high value refersto stations with directly earthed trans-
formers with deltawinding. To obtain maximum sensitivity at all conditions, the for-
ward measuring element should have a characteristic angle of 65°.

Asageneral rule, it iseasier to obtain selectivity by using directional instead of non-
directional earth-fault overcurrent protection, but sufficient polarizing voltage must be
available.

It is not possible to measure the distance to the fault by using the zero-sequence com-
ponents of the current and voltage, because the zero-sequence voltage is a product of
the zero-sequence components of current and source impedance. It ispossibleto obtain
selectivity by the use of adirectional comparison scheme, which uses communication
between the line ends.

If acommunication scheme can not be used, the best selectivity is generally obtained
by using inverse time delay. All relays, in the network, must have the same type of in-
verse characteristic. An earth-fault on alineis selectively tripped if the difference be-
tween the residual current (31) out on the faulted line and the residual current (31) out
on the other lines gives atime difference of 0.3-0.4 seconds. A logarithmic characteris-
ticisgenerally themost suitablefor thispurpose, because thetime differenceis constant
for agiven ratio between the currents.

Directional comparison logic function

Inthedirectional comparison scheme, information of the fault current direction must be
transmitted to the other line end. A short operate time enables auto-reclosing after the
fault. During a single-phase reclosing cycle, the auto-reclosing device must block the

directional comparison earth-fault scheme.
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A communication logic block for residual overcurrent protection can beincluded in the
REXx 5xx terminal to provide this feature. The function contains circuits for blocking
overreach and permissive overreach schemes. See the section “Communication logic
for residual overcurrent protection”.

Also an additional communication logic block for the communication can be included.
It containslogic for the weak-end-infeed and current-reversal functions, which are used
only in the permissive overreach scheme. See the section “Current reversal and weak
end infeed logic for residual overcurrent protection.

Functionality

Theory of operation

Directional earth-fault overcurrent protection
This protection measures the residual current (3l) and the residual voltage (3Ug). Fig-
ure 124 shows the current measuring, time delay and logic circuits (both with and with-
out directional check) of this protection function.
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Figure 124: Simplified logic diagram for the residual overcurrent protection

Activate theindependent time-delay function by setting Characteristic= Def (or inverse
time delay according to the setting table). The t1 timer starts when both the definite/in-
versetime characteristic and the tMin timer operate. ThetMin timer startswhen the 3
current to therelay is equal to or higher than the set operate value for IMin and the con-
tent of the second harmonic in 3l isless than 20%.

The inverse time calcul ation starts when 3l is equal to or higher than the set operate
value for IMin and the content of the second harmonic in 3l is less than 20%. Thein-
verse time delay is determined by the selection of the characteristic (NI, VI etc.) in the
Characteristic setting and the setting of the characteristic IN> current.
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Thetl timer isnormally set to zero. Use it to add a constant time to the inverse time
delay. Figure 125 shows the effect of the IMin and tMin settings on the inverse charac-
teristic.

t(s)

A IMIN
Logaritmic
Inverse

Normal
Inverse
(k=0,4)

L N W s~ O
|
I

. )(

| | | | | | ! , ,»
1 2 3 5 7 10 20 30 50 XIN>

99000105.vsd

Figure 125: Normal inverse and logarithmic inverse time characteristics.

The switch-onto-fault function is used to minimise the operate time in case of pole dis-
crepancy at breaker closing and in cased of closing onto afault. Thefunctionisreleased
by activating the TEF--BC binary input. The function isactivated for 1 second after the
reset of the TEF--BC binary input.

The function is blocked by activating the TEF--BLOCK binary input.

Activating the TEF--BLKTR blocks the definite/inverse delay trip outputs TEF--TRIP
and the switch-on-to-fault trip TEF-TRSOTF.

The 3l current lags the polarising voltage (3Ug) by a phase angle equal to the angle of
the zero-sequence source impedance. The forward measuring element operates when:
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3l Ceos (¢ —65°) =IN>Dir
(Equation 297)
Where:
¢ is the angle between 31, and 3U, (positive if 31y lags 3Up)
IN>Dir is the set operate value
A
Y >
o Upol = -3U,
65° IN Operation

IN>Dir

99000052.vsd

Figure 126: Measuring characteristic of the directional element

The change in operate value is small when the phase angle deviates moderately from
65°. A deviation of 20° increases the operate value by only 6.5%.

The polarising voltage, normally obtained from the broken delta windings of the VTS,
can have a high content of harmonics relative to the fundamental frequency when the
output voltage islow, particularly when capacitive VTs are used. To secure a correct
measurement, the directional function must have an effective bandpass filtering of the
voltage. In the module, thefiltering secures acorrect function for fundamental frequen-
cy polarising voltages down to 1% of the rated voltage.

273



Definite and inverse time-delayed Chapter 5
residual overcurrent protection (TEF) Current

5.3

5.3.1

274

In case of an external fault, the capacitive current generated on the line decreases the
current to the earth-fault relay situated at the line end towards the fault. So the reverse
direction comparator must have an increased sensitivity to secure reliable blocking in
case of external faults when adirectional comparison or a blocking communication
scheme is used. The operate current of the reverse direction measuring element in the
moduleis, asafixed ratio, set at 0.6 IN> Dir.

Calculations

Setting instructions

To detect high resistive earth-faults, alow operate current is required. On the other
hand, alow setting increases the risk for unwanted operation due to imbalance in the
network and the current transformer circuits. Set the minimum operate current (IN>
*|Min) of the earth-fault overcurrent protection higher than the maximum fal se earth-
fault current. If the directional function is chosen, set the start level of the directional
function (IN> Dir) higher than the maximum false earth-fault current.

Theimbalancein the network that causes false earth-fault currentsis caused mainly by
untransposed or not fully transposed paralle lines with strong zero-sequence mutual
coupling. There might also be high imbalance currentsfor non-transposed singlecircuit
linesif the zero sequence source impedanceislow at both line ends. This false earth-
fault current is directly proportional to the load current.

In awell-transposed system, the fa se earth-fault current is normally lower than 5% of
the line current.

In case of not fully transposed parallel lines, measure or calcul ate the fal se earth-fault
current at maximum load.

The choice of time delay characteristics - definite time, normal inverse, very inverse,
extremely inverse or logarithmic inverse - depends on the network. To achieve opti-
mum selectivity, use the same type of characteristic for all earth-fault overcurrent pro-
tectionsin the network. This means that in networks aready equipped with earth-fault
overcurrent relays, the best selectivity is normally achieved by using the same type of
characteristic asin the existing relays.

Thefollowing formulasfor the operatetime (in seconds) apply to the characteristic used
within the REx 5xx terminal with line protection, see table 13 "Operate time formulas”.
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Table 13: Operate time formulas

Characteristics Operate time (s)
Normal inverse 014 K
t= 1002 _ 4 (Equation 298)
Very inverse 135
t= 1= Ck (Equation 299)
Extremely inverse 80
t= > tk (Equation 300)
“-1
Logarithmic inverse t = 58—(135nl)
(Equation 301)

Where:
I is a multiple of set current 315>

k is a time multiplying factor, settable in the range of 0.05 to 1.10

All inverse time characteristic settings are a compromise between short fault clearing
time and sel ective operation in alarge current range. The main determining factors are
the maximum allowed fault-clearing time at the maximum fault resistance to be covered
and the selectivity at maximum fault current.

Set the minimum operate current (IMin) of the earth-fault overcurrent protection to one
to four times the set characteristic quantity (IN>) of the inversetime delay. So anin-
verse characteristic with alow set IN> set to get a short operate time at minimum fault
current can be combined with a higher set IMin minimum operate current, to avoid un-
wanted operation due to false earth-fault currents.

Set the minimum operate timeindependent of theinversetime characteristic. Normally,
set thistime longer than the time delay of distance zone 2 in REx 5xx to avoid interfer-
ence with the impedance measuring system in case of earth-faults with moderate fault
resistance within zone 2.

When a solidly earthed, power transformer is energized, an inrush current normally
flows in the neutral-to-earth connection of the transformer. This current is divided
among other earthed transformers and lines connected to the same bus, inversely pro-
portional to their zero-sequence impedance. The amplitude and time duration of this
current can be sufficiently large to cause the unwanted operation of a sensitive earth-
fault overcurrent protection.
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The earth-fault overcurrent protection has a built-in second harmonic current stabiliza-
tion, which prevents unwanted operation if the inrush current has a second harmonic
content of 20% or more. Thisis normally the case. On rare occasions, it may be neces-
sary to increase the setting of the operate value for the residual earth-fault overcurrent
protection to avoid unwanted operation due to transformer inrush current.

When single-phase auto-reclosing is used, the minimum time of the inversetime de-
layed residua overcurrent protection (tMin) should be set to be longer than the time
from the occurrence of the fault to the reclosing of the breaker at both line terminals.
An aternative method is to block the earth fault protection by the autorecloser during
the dead time. This avoids unwanted three-phase tripping during a single-phase auto-
reclosing cycle controlled by the distance protection.

The polarizing voltage for directional earth-fault overcurrent protection isnormally ob-
tained from the broken deltawindings of instrument voltage transformers or by internal
calculation. The voltage contains a certain amount of harmonics, especially when the
protection is connected to CVTs.

Dueto the bandpassfiltering a polarizing voltage down to 1 percent of therated voltage
will provide correct directional functionality. Thisis also valid when the protection is
connected to CVTs.

The minimum polarizing voltage to the protection (Umin) is calculated from the formu-
la

U . =1 D4 DruseC
min = 'F min 0 min

prim
(Equation 302)
Where:
lEmin is the minimum primary operate fault current
Zomin is the minimum zero-sequence impedance seen from the relay

Usec: Uprim  are the rated phase voltages of the broken delta connected CVTs (VTs)

Observe that when a blocking scheme or a permissive scheme with current reversal or
weak-end-infeed logic is used, |Fmin represents the primary operate current of the re-
verse-looking directional el ement which is 60% of the forward element.
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To even secure operation in unfavorable cases, Umin must be equal to at least 1 volt
plus the maximum network frequency false voltage, due to measuring errorsinthe VT
circuits.

If not blocked, the directional comparator operates during the dead timein case of asin-

gle-phase auto-reclosure. So the TEF--BLOCK blocking input must be activated during
the single-phase auto-reclosing cycle.
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Four step residual overcurrent protection (EF4)

Application

In some solidly earthed networks the 4-step earth fault overcurrent protection is used.
The function can be used in asimilar way asthe distance protection. Below isdescribed
one example of the normal application of the 4-step earth fault overcurrent protection.

Step 1 has directional function and is set to give instantaneous trip in case of phase to
earth faults on the protected line, with large earth fault current. Due to selectivity re-
quirements step 1 can not be set to cover the whole length of the line.

Step 2 has directional function and isset to give atrip with ashort delay (~ 0.4 s) for all
remote phase to earth faults on the protected line. Step 2 will also serve asmain or re-
mote back-up protection for phase to earth faults on the remote busbar.

Step 3 has directional function and is set to give atrip with amedium delay (0.8 - 1.2
s) for phase to earth faults with some fault resistance. Step 3 can also serve as remote
back-up protection for phase to earth faults on other lines, out from the remote busbar.

Step 4 has non-directional function and is set to give atrip with along delay of 1.2 sor
more. The current setting is chosen so that high resistive phase to earth faults will be
detected and cleared. Also most seriesfaultswill be detected and cleared after operation
of step 4. To achieve selectivity also for earth faults with small residual current, step 4
can have inverse time characteristic.

Thefour step earth fault protection can a so be used in acommuni cation scheme togeth-
er with the communication logic for residual overcurrent protection (EFC). Blocking or
permissive overreach schemes can be used. One possibility isthat step 2 or step 3is
used in an overreach mode. If the overreaching step 2 (3) starts, an acceleration signal
issent to theremote line end. If an acceleration signal isreceived step 2 (3) will givean
instantaneous function.

In case of applicationt on a double circuit line or small infeed of residual current, the
additional logic for “ Current reversal and weak-end-infeed logic for residual overcur-
rent protection” (EFCA) should be used in permissive overreaching scheme.

To assure dependabl e and secure function of the 4-step residual overcurrent protection,
extensive network calculations are required.
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6.2 Functionality
6.2.1 Theory of operation

Function logic

The 4 step earth-fault overcurrent protection has three current steps with independent
time delay and afourth current step with independent time delay or inverse time char-
acteristics (Normal inverse (NI), Very inverse (VI), Extremely inverse (El) and onelog-
arithmic inverse characteristic (LOG)).

The formulasin table 14 "Inverse characteristics formulas" are valid for the different
inverse time characteristics in the four-step earth-fault protection.

Table 14: Inverse characteristics formulas

Characteristic: Time delay (s):
Normal inverse _ 0,14
t= —_—0—62—— Lk (Equation 303)
(4 IB) -1

Very inverse

13,5

t = ——+— [} (Equation 304)
(71g)-1
Extremely inverse
_ 80
t = — k (Equation 305)
(I715)" -1

Logarithmic inverse t = 5.8 (L35 On(I/1y)) |
(Equation 306)

The simplified logic diagrams in figure 127 to 128 show the circuits for the four over-
current steps and the directional function. The diagrams also include the logic of the
switch-onto-fault function.
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Figure 127: Simplified logic diagram of internal function Step 1. Step 2 and step 3 are
the same.
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Figure 128: Simlified logic diagarm of internal function Switch-onto-fault.
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Figure 129: Simplified logic diagram of internal function step 4.
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Figure 130: Simplified logic diagram of internal function Directional check.

For al four current steps, one of the following operate modes can be sel ected, indepen-

dently of the other steps.

* Non-directional overcurrent function without second harmonic restraint, NonDirN-
onRestr.

+ Forward directional overcurrent function without second harmonic restraint, For-
wRelease.

* Non-directional overcurrent function with second harmonic restraint, Restrained.

* Forward directional overcurrent function with second harmonic restraint, ForwRel-
Restr.

»  Overcurrent function without second harmonic restraint, with blocking from there-
verse direction measuring element, RevBlock.

»  Overcurrent function with second harmonic restraint, with blocking from the re-
verse direction measuring element, RevBIRestr.

The directional measuring function
The forward direction measuring element (STFW) operates when:

310 [cos [ —65°0= IN > Dir
(Equation 307)

Where:

IN>Dir = set operate current

¢ = phase angel between the current and the voltage (positiveif the current lagsthe volt-
age)
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The operate current can be set between 5 and 40% of the base current (1b) of the REx
5xx terminal.

The operate current is very little influenced by moderate phase angle differences. A de-
viation of 20° from the characteristic angle 65° only increases the operate value by
6.5%.

The operate valueis practically independent of the magnitude of the polarising voltage
in theinterval from 0.5 to 100% of nominal value. When the voltage isless than 0.5%,
the measuring circuit is blocked.

In special cases when the polarising voltage is too low, current polarising can be used
by inserting an external unit which converts the zero sequence current into a voltage.

The polarising voltage is normally obtained from the broken deltawinding of theVT’s.
When the voltage is low, it can have a high content of harmonics - especially third har-
monic - relative the basic frequency component. Thisis specially the case when capac-
itive VT sareused. To secure correct directiona function down to apolarising voltage
of 0.5% of rated voltage, the measuring circuit is provided with afilter which has a
damping factor of >20 for the third harmonic component of the voltage.

The directional function has two comparators, one operates in the forward direction
(STFW) and one operates in the reverse direction (STRV). The operate current of the
reverse directional comparator is 0.6IN>Dir, i.e. 40% lower than that of the forward di-
rectional. Theincreased sensitivity isused to compensate for the influence of the capac-
itive current generated by the faulty line, which in case of an external fault decreases
the current fed to the earth-fault protection situated at the line end towards the fault. By
increasing the sensitivity, reliable blocking from the reverse directional measuring ele-
ment is obtained for the directional comparison system.
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Figure 131: Operate characteristic of the direction measuring element.

Definite time overcurrent step 1

When the current exceeds the set operate value for IN1> and no blocking is applied to
input EF4-BLOCK, the & -gate operates and the start flag EF4-STIN1 is activated.

Whenthe setting “ForwRelease ” is selected, theforward directional element must also
operate in order to start the timer t1.

When the setting “RevBlock” is selected, the timer t1 is not activated if the reverse di-
rectional element is activated.

Whenthe setting “Restrained” is selected, thetimer t1isnot activated if the second har-
monic content in 310 is higher than the set blocking value (20 or 32%).

Definite time overcurrent step 2 and 3
The overcurrent steps 2 and 3 have the same functionality as step 1.

Overcurrent step 4

With setting “Characteristic = Definite”, the function of step 4 with current detector
IN4> and timer t4 is the same as for overcurrent steps 1 — 3.

When logarithmic inverse time characteristic is selected the inverse time calculation

startswhen the current exceedsthe set operate val ue of current detector IN4> (seefigure
129). For the NI, VI and El characteristics the inverse time cal culation starts when the
current exceeds the set characteristic current (IN>Inv). Theinverse time delay is deter-
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mined by the selection of the characteristic (NI,V1 etc.), the setting of the time
multiplier (k) and the characteristic current (IN>Inv). The timer t4 starts when both the
inversetimer and the timer t4Min operate. Hence, the setting IN4> determines the min-
imum operate current and the setting t4Min determines the minimum operate time.

Theinfluence of the setting of minimum operate time and minimum operatetime on the
inverse time function is shown in figure 132.

Observe that when inverse characteristic NI, V1 or El is selected, the second harmonic
restrain is afixed value=20 %, independent of the setting.

t(s)A

I min (IN4>)

Logarithmic inverse

Normal inverse
(k=0.4)

2
t4MIN
1

/

I I I =

|
1 2 3 5 7 10 20 30 50 XIN>Inv

99000062.vsd

Figure 132: Normal inverse and logarithmic inverse time characteristics.

Timer t4Minisnormally set to zero. It can be used to add a constant timeto theinverse
time delay.

The functions ForwRel, RevBlock and Restrain are applicable also when inverse time
is selected.

To release the switch-onto-fault function, the input EF4--BC is activated when the
breaker isclosed. Thefunction remainsrel eased 5 seconds after reset of theinput signal.

When the operation mode SOTF is set to IN2>, the current stage IN2> activates the out-
put EF4--TRSOTF with afixed time delay of 300 ms. With the setting SOTF =
IN4>Res, the current stage IN2> activates the output with afixed time delay of 300 ms
and the current stage IN4>Res activates the output EF4--TRSOTF with atime delay
t4U. Nevertheless, acondition isthat the second harmonic content in 310 islessthan the
set blocking value. Both time steps are blocked when input EF4--BLOCK is activated.
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When the setting BlkParTransf = On is selected and the second harmonic content in the
current 310 is higher than the set restrain value 70 ms after the operation of current de-
tector IN4>Res, the & -gate after the timer sealsin and gives second harmonic blocking
until the current detector resets. The function is used for parallel connected transform-
ers, for which the second harmonic content of the inrush current may become substan-
tially reduced within fractions of a second after breaker closure.

Calculations
Settings

General

Only detailed network studies can determine the operate conditions under which the
highest possible fault current is expected on the line. In most cases, this current appears
during single-phase fault conditions. But to examine two-phase-to-earth conditionsis
a so needed, since thistype of fault can give larger earth fault current than single-phase
to earth fault in some cases.

Also transients, that could cause a high increase of the line current for short times,

should be considered. A typical exampleisatransmission linewith apower transformer
at the remote end or at aline tap, which can cause high inrush current when connected
to the network and can thus al so cause operation of the residual overcurrent protection.

Asthereach of each step is dependent on the operation conditions, fault cal culationsfor
the settings should be done with various switching states in the network.

Step 1

The settingsfor step 1 isdescribed in the following sections. Section "M eshed network
without parallel line" on page 286 and section below are valid for both directiona and
non-directional operation. For non-directional operation, also section "Meshed net-
work non-directional” on page 289 on page must be considered.

Meshed network without parallel line

This section describes the setting cal culation for Step 1 for both directional and non-
directional operation. But when non-directional operation is selected, an additional
fault calculation, with afault applied in A, hasto be done. See section. "Meshed net-
work non-directional" on page 289.

The following fault calculations have to be done for single-phase-to-earth and two-
phase-to-earth faults. With reference to figure 133, apply afault in B and then calculate
therelay through fault residual current I+g. The calculation should be done using the
minimum source impedance valuesfor Z, and the maximum source impedance values
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for Zg in order to get the maximum through fault current from A to B. For most protec-
tions a network switching state, with one of the lines out from the remote busbar taken
out of service, will give the largest residual fault current to the protection.

|
B >

Za A Z. B Zg
— T/ L I
Relay
Fault

99000474.vsd

Figure 133: Through fault currency from A to B: Ig

The minimum theoretical current setting (/min) will be:

Imin > MAX(l¢5)
(Equation 308)

A safety margin of 5% for the maximum protection static inaccuracy and a safety mar-
gin of 5% for the maximum possible transient overreach have to be introduced. An ad-
ditional 10% is suggested due to the inaccuracy of the instrument transformers during
transient conditions and inaccuracy in the system data.

The minimum setting (Is) for the residual overcurrent protection, step 1, isthen:

Is21,2 04
(Equation 309)

Meshed network with parallel line

In case of parallel lines, the influence of theinduced current from the parallel lineto the
protected line has to be considered. One exampleisgivenin figure 134, where the two
lines are connected to the same busbar. In this case the influence of the induced fault
current from the faulty line (line 1) to the healthy line (line 2) is considered together
with the through fault current IfB mentioned previously. The maximal influence from
the parallel linefor the relay in figure 134 will be with afault at the C point with the
breaker C open.
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A faultin C hasto be applied, and then the maximum current seen from therelay (IM)
on the healthy line (this appliesfor single-phase-to-earth and two-phase-to-earth faults)
is calculated. The through fault current IM is the sum of the induced fault current from
line 1 and the fault current that would occur in line 2 if the mutual impedance M would
be zero. Also in the case with fault at a parallel line, the case with one of the lines out
from the remote busbar taken out of service, should be considered.

Line 1
A C B
211
_/
ZA ZB
(~—F Fam% v —(~)
Z
| 99000477.vsd
— M,
Relay Line 2

Figure 134: Two parallel lines. Influence from parallel line to the through fault current:
Iy

The minimum theoretical current setting for the residual overcurrent protection func-
tion (Imin) will be:

Imin=MAX(lg, Iy) (Equation 310)

Where:

Iig has been described in the previous paragraph

Considering the safety margins mentioned previously, the minimum setting (Is) for the
protection, step 1, isthen:

Is=1,20min
(Equation 311)

The protection function can be used for the specific application only if this setting value
isequal or less than the maximum residua fault current that the relay hasto clear.
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Meshed network non-directional
First do the calculation according to section "M eshed network without parallel line" on
page 286.

Then apply afault in A and calculate the through fault residual current I¢5 (Figure 133
"Through fault currency from A to B: IfB" on page 287). In order to get the maximum
through fault current, the minimum value for Zg and the maximum value for Z, have
to be considered.

| ta
-
A B
ZA | Z|_ | ZB
—_~ o I — —_~
S T S
Relay
Fault

99000475.vsd

Figure 135: Through fault current from B to A: Iy

The minimum theoretical current setting (Imin) will then be:

Imin = MAX(I¢a, Iig) (Equation 312)

A safety margin of 5% for the maximum protection static inaccuracy and a safety mar-
gin of 5% for the maximum possible transient overreach have to be introduced. An ad-
ditional 10% is suggested due to the inaccuracy of the instrument transformers during
transient conditions and inaccuracy in the system data.

The minimum setting (Is) for the residual overcurrent protection, step 1, is then:

Is=1,20min
(Equation 313)

The protection function can be used for the specific application only if this setting value
is equal or less than the maximum fault current that the relay hasto clear (Ig in figure
136)
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Figure 136: Fault current: Iy

For pardlel lines, the minimum theoretical current setting for the residual overcurrent
protection function (Imin) will be:

Imin 2 MAXI ¢, lig, 1O
fA» 'fB' 'M (Equation 314)

Where:

lia, lig have been described in the previous paragraphs

Step 2 and 3

The calculation of the settingsfor step 2 and 3 differsfrom step 1. However, the method
to calculate the values are the same for step 2 and 3. First it is necessary to apply the
faultsasinfigure 137, one at atime, and measure theresidual currentsand calculate the
settingsfor step 2. Phase to earth faults out on each line out from the remote busbar, are
calculated. In these calculations the circuit breaker at the remote end of the faulted line
is open (instantaneous trip).
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Figure 137: Example of fault cases between stations. Calculation of 310min for step 2
(and step 3).

Use the values for step 1 to calculate minimum residual current setting for step 2. Sim-
ilarly, use the values from step 2 to calculate the settings for step 3.

The minimum current for step 2 is calculated from:

3102, = s[a, (B0l .

(Equation 315)
Where:

3101g ¢ is the step 1 current setting for the B-C protection

3'022 =S I:az I:BIO].B_D
(Equation 316)

Where:

3101g.p is the step 1 setting for the B-D protection

Which then gives 310min as:

3102,,,, = max(3102,,3102,) A
(Equation 317)

Where:

s is the safety factor (=1.2)
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310
a; = —__A-B (Equation 318)
3105 _c
a, = M (Equation 319)
27 3105 _p

The currents to be found in figure 137.

For step 2 there is normally a requirement that faults on the remote busbar shall be de-
tected and cleared. Calculations are done where a phase to earth fault is applied at the

remote busbar. In this cal cul ation the zero sequence source impedance, “behind” there-
lay, shall beminimized. Thisisnormally done by taking oneline out of service.The step
2 setting should be chosen according to:

3100y £52 xMin(310y,5pqy) (Equation 320)

Note!

The safety factor, s, may be increased if there exists a mutual coupling for the lines from
Bto CorD.

Step 2 or step 3 can aso be used in communication schemes. Blocking or permissive
overreach.

In case of a blocking scheme step 3 can be given reverse direction. This step will be
used as blocking criterion. Thereverse step 3 must overreach the overreach step 2 inthe
remote line end.

In case of a permissive overreach scheme it must be assured that the step to be used for
sending and accelerated trip, must overreach the line. This can be done as described
above for step 2 and 3.

Step 4, non-directional

To detect high resistive earth-faults, alow operate current is required. On the other
hand, alow setting will increase therisk for unwanted operation due to unbalancein the
network and the current transformer circuits. The minimum operate current of the earth-
fault overcurrent protection must be set higher than the maximum false earth-fault cur-
rent.
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The unbalance in the network that causes false earth-fault currentsis caused mainly by
untransposed or not fully transposed singlecircuit or parallel lines. Thisfalse earth-fault
current is directly proportional to the load current.

In well transposed systems, the false earth-fault current is normally lower than 5% of
the line current.

In case of extremely short or not fully transposed paralel lines, the false earth-fault cur-
rent must be measured or calculated when maximum sensitivity is desired. Generally,
80 A isrecommended as a minimum primary operate value for the earth-fault overcur-
rent protection.

Inverse time delay

To achieve optimum sel ectivity, the same type of inverse characteristic should be used
for al earth-fault overcurrent protectionsin the network. Therefore, in networks already
equipped with earth-fault overcurrent relays, the best selectivity will normally be
achieved by using the same type of inverse characteristic asin the existing relays.

The following formulas are valid for the inverse characteristics in the four-step earth-
fault protection in REx 5xx:

Table 15: Inverse characteristics formulas

Characteristic: Operate time (s):
Normal inverse _ 0,14
(Equation 321) t = T [k
1/ IB) -1
Very inverse 13 5
t = —— [ (Equation 322)
(71g)-1
Extremely inverse
_ 80 .
t = — k (Equation 323)
(I71g)" -1
Logarithmic inverse t = 5.8— (135 On(/1y)) |
(Equation 324)

Where:
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I is a multiple of set current 310>Inv
Iz s the set base current of the terminal

k is a time multiplying factor, setting range 0.05-1.10.

The determining factors for the inverse characteristic settings are the allowed fault
clearing time at the maximum fault resistance to be covered, and the selectivity at max-
imum fault current.

The minimum operate current IN4> of the inverse current step can be set in the range

of one to four times the set characteristic current IN>Inv. Hence, an inverse character-
istic with alow set IN> to get short operate time at minimum fault current can be com-
bined with a higher set minimum operate current in order to avoid unwanted operation
due to falseresidua currents.

The minimum operate time t4Min is set independent of the inverse time characteristic.

Thistimeisnormally set longer than thetime delay of impedance zone 2 intheline pro-
tections, in order to avoid interference with the impedance measuring system in case of

earth-faults with moderate fault resistance within zone 2.

Directional current function

Polarising voltage

The polarising voltage for directional earth-fault protection is normally obtained from
the broken delta connected secondary windings of instrument voltage transformers or
interposing voltage transformers. The voltage contains a certain amount of harmonics,
especially when the protection is connected to CVT’s.

Dueto the efficient band-pass filtering within REx 5xx, a polarising voltage down to
0.5% of therated voltage will provide correct directional functioning. Thisisalso valid
when the protection is connected to CVT’s.

The minimum voltage to the protection (Umin) is calculated from the formula:

U

sec

Umin = IF min [ZO min Eﬁ| . (Equation 325)
prim

Where:

lEmin is the minimum primary operate current,
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Zomin is the minimum zero-sequence sources impedance at the relay site and
Usec is the rated secondary phase voltage of the broken delta connected winding of the

voltage transformers

Uprim is the rated primary voltage

Directional current settings

The operate value of the forward direction function (IN>Dir) should with some margin
be set lower than both:

» The operate current of the most sensitive directional step.

» Thelowest set current step whichis used asinput to the directional comparison log-
ic.

Check according to the formulaabove that the necessary polarising voltage is obtained
for the directional function.

Observe that when the current reversal or weak-end-infeed logic is used, l¢yin, repre-
sents the primary operate current of the reverse directional element.

To secure operation in unfavorable cases as well, U i, should be equal to at least 0.5
volts plusthe maximum network frequency false voltage, dueto measuring errorsin the
VT circuits.

If not blocked, the directional comparator will operate during the dead time in case of
asingle-phase auto-reclosure. Therefore, the blocking input EF4-BLOCK should be ac-
tivated during the single-phase auto-reclosing cycle.

Example of protection scheme

Dueto the flexibility of the 4 step earth-fault protection, different protection schemes
according to the customers preference can be realised. One established schemeisto use
Step 1-3 asdirectional steps and the inverse time delayed step 4 asalow set, non-direc-
tional back-up step. A selectivity plan for the different current stepsis presented in fig-
ure 138.
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Figure 138: Example of selectivity plan for the directional current steps.

In systemswith 3-phasetripping from the distancerelaysin case of earth-faults, notime
delay isnormally used for step 1.

Step 2isset to operatefor all earth-faultson theentireline and at the remote end station,
even with a certain additional fault resistance. The calculated minimum earth-fault cur-
rent ismultiplied with a safety factor of 0.9 to get the current setting of step 2. Thetime
delay of step 2isnormally sett0 0.4 s.

Step 2 shall also be selective to step 2 in the adjacent station, see figure 138. It may,
therefore, be necessary to compromise and accept a higher current setting than accord-
ing to the above for the protection in station A.

Directional current step 3 is set to operate for earth-faults with additional resistance or
for the minimum current at which sufficient polarising voltage is obtained. Thetime de-
lay of step 3isnormally setto 0.8-1.5s.

The inverse time delayed, non-directional step 4 isin this scheme used as a back-up
function which shall trip the linein case of earth-faults with so high additional resis-
tance that the directional steps cannot operate. Step 4 isnormally given the same setting
for al lines in the network with atime/current characteristic that normally gives selec-
tivity towards the directional steps.

Desirable values of the fault resistances for the different current stepsare—~ 15 Q for
Ri2,~25Q for Rizand ~50 Q for Ry 4. If these values cannot be fulfilled, another pro-
tection function should be considered, for example current differential protection.
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7.2

Sensitive directional residual overcurrent
protection (WEF1)

Application

In networkswith high impedance earthing, the phaseto earth fault current is significant-
ly smaller than the short circuit currents. Another difficulty isthat the magnitude of the
phase to earth fault current is almost independent of the fault location in the network.

Directional residual current can be used to detect and give selective trip of phase to
earth faults in high impedance earthed networks. The protection uses the residual cur-
rent component 3l cos ¢, where ¢ is the angle between the residual current and the re-
sidual voltage, compensated with a characteristic angle.

In anisolated network, i.e. the network is only coupled to earth viathe capacitances be-
tween the phase conductors and earth, the residual current aways has -90° phase shift
compared to the residual voltage. The characteristic angleis chosen to -90° in such a
network.

In resistance earthed networks or in Petersén coil, with or without aparallel resistor, the
active residual current component (in phase with the residual voltage) should be used
for the earth fault detection. In such networks the characteristic angle is chosen to 0°.
Asthe amplitude of the residual current isindependent of the fault location the selec-
tivity of the earth fault protection is achieved by time selectivity.

When should the sensitive directional residual overcurrent protection be used and when
should the sensitive directional residual power protection be used? We have the follow-
ing facts to consider:

» Sensitivedirectiona residual overcurrent protection gives possibility for better sen-
sitivity

» Sengitivedirectional residual power protection gives possibility to useinversetime
characteristics. Thisis applicable in large high impedance earthed networks, with
large capacitive earth fault current

Functionality

Features

»  Separate starting indicators
»  Separate trip indicator
»  Separate direction indicators
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« Settable characteristic angle, RCA, between -90 deg. to +90 deg.
e Internal supervision

* Binary input to enable or block the operation

* Independent time delay for trip

Description of operation

Sensitive directional residua overcurrent protection function (WEF1) has two analog
inputs, residual current and residual voltage. The main functionality goal isto measure
theresidual current component 3lcos ¢.

The reference for the directional check is the voltage 3U,. Depending on the earthing
of the network the angle of the voltage 3U, must be adjusted with the relay character-
istic angle, RCA.The reference voltage, see figure 139 "RCA with regard to compen-
sated or isolated network” on page 299, is

Uref = —3U, &' R

(Equation 326)

Where:

-3Ug is equal to 3Ug with 180 degrees adjusted

RCA isusually equal to zero in compensated network (Petersén coil) and 90 degreein
isolated network.

Precondition for the calculation is the availability of high enough residual voltage and
residual current respectively.The sum of ¢ and RCA (called ANGLE) isused in the pro-
tection algorithm, see figure 139 "RCA with regard to compensated or isolated net-
work" on page 299.
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Figure 139: RCA with regard to compensated or isolated network

The compensated angleis used for directional detection and for input of the calculation
of the fault current component, 3l cos ¢.

Start conditions
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A start signal from the function is given if both residual voltage, (UN>) and residual
current component, 3l cos ¢ (INcosPhi>) exceeds the setting values, see figure 140
"L ogic for sensitive directional residual overcurrent protection function (WEF1)" on

page 300.

Trip conditions
A trip signal from the function is given if all the following conditions are fulfilled:

» The current component, 3l cos ¢ (INcosPhi>) exceeds the setting value.
Theresidual voltage, (UN>) exceeds the setting value.

The fault is detected in the chosen direction (FW = forward or RV = reverse).
The time delay tTrip has elapsed.

....................................................... 1
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Figure 140: Logic for sensitive directional residual overcurrent protection function

(WEF1)

Calculations

In the setting of earth fault protection, in ahigh impedance grounded system, the neutral
point voltage (zero sequence voltage) and the earth fault current will be calculated at
the desired sensitivity (fault resistance). The complex neutral point voltage (zero se-
guence) can be calculated as:
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V. = Vghase
0 L
+
z

(Equation 327)

Where:

Vphase is the phase voltage in the fault point before the fault,
R¢ is the resistance to earth in the fault point and

Zy is the system zero sequence impedance to earth

The fault current, in the fault point, can be calculated as:

- SD‘/hase
I = 3], = —bmase

j T Zo+ 3[R,

(Equation 328)

The impedance Z is dependent on the system earthing. In an isolated system (without
neutral point apparatus) the impedance is equal to the capacitive coupling between the
phase conductors and earth:

(Equation 329)

is the capacitive earth fault current at a non-resistive phase to earth fault

Inasystem with aneutral point resistor (resistance grounded system) theimpedanceZ,
can be calculated as:
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s = —-iX:.BR,
0" —jX.+3R,
(Equation 330)
Where:
R, is the resistance of the neutral point resistor

In many systemsthereisaso aneutral point reactor (Petersen coil) connected to one or
more transformer neutral points. In such a system the impedance Z can be cal culated

as.

(38X —Xc) (BR,

Zo = i(3X,,—X,) + 3R,

(Equation 331)

Where:

Xn is the reactance of the Petersen coil

In the setting of the function a number of parameters shall be given.

The characteristic angle RCA of the function is chosen to 0 degree in a system with a
neutral point resistor and/or a Petersen coil. The characteristic angleis chosen to -90

degreesin an isolated system.

The start current I set is chosen smaller than the smallest residual current, in the charac-
teristic angel, to be detected by the protection function. In a system with resistive
grounding the Iset can be chosen according to:



Sensitive directional residual overcurrent Chapter 5
protection (WEF1) Current

v
Iset< g, Co—"—

phase
(Equation 332)
Where:
Irn is the rated current of the neutral point resistor and
Vo is the neutral point voltage at the desired sensitivity (fault resistance)

In an isolated system Iset can be chosen according to:

\

0
Iset<(lcy ok —ICs )h
ac orw phase

(Equation 333)

Where:

IChack is the capacitive earth fault current contribution “behind” the protection at
a non-resistive fault and

ICiorw is the capacitive earth fault current contribution “forward” to the protection

at a non-resisitive fault
The Uset is set to a voltage to be sure to detect resistive earth faults at desired sensitiv-

ity.

The time delay is chosen according to the selectivity plan of the system.
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Sensitive directional residual power protection
(WEF2)

Application

In networkswith high impedance earthing, the phase to earth fault current is significant-
ly smaller than the short circuit currents. Another difficulty isthat the magnitude of the
phase to earth fault current is almost independent of the fault location in the network.

Directional residual power can be used to detect and give selectivetrip of phaseto earth
faultsin high impedance earthed networks. The protection usesthe residual power com-
ponent 315 3Uq cos ¢, where ¢ isthe angle between theresidual current and theresidual
voltage, compensated with a characteristic angle.

In anisolated network, i.e. the network is only coupled to earth via the capacitances be-
tween the phase conductors and earth, the residual current always has 90° phase shift
compared to the residual voltage. The characteristic angle is chosen to -90° in such a
network.

In resistance earthed networks or in Petersén coil, with or without aparallel resistor, the
active residual current component (in phase with the residual voltage) should be used
for the earth fault detection. In such networks the characteristic angle is chosen to 0°.
Asthe amplitude of the residual current isindependent of the fault location the selec-
tivity of the earth fault protection is achieved by time selectivity.

When should the sensitive directional residual current protection be used and when
should the sensitive directional residual power protection be used? We have the follow-
ing facts to consider:

» Sensitivedirectional residual overcurrent protection gives possibility for better sen-
sitivity

» Sensitivedirectional residual power protection gives possibility to useinversetime
characteristics. Thisis applicable in large high impedance earthed networks, with
large capacitive earth fault current

* Insome power systems amedium size neutral point resistor isused. Such aresistor
will give aresistive earth fault current component of about 200 - 400 A at azero
resistive phase to earth fault. In such asystem the directional residual power protec-
tion gives better possibilities for selectivity enabled by inverse time power charac-
teristics.

Functionality

Features
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» Separate starting indicators

»  Separate trip indicator

» Settable characteristic angle, RCA, between -90 deg. to +90 deg.
* Internal supervision

* Binary input to enable or block the operation

* Independent time delay for trip

* Inversetime function

Description of operation

Sensitive directional residual power protection function (WEF2) hastwo analog inputs,
residual current and residual voltage. The main functionality goal isto measure the re-
sidual power 3Ug 3lcos ¢.

The reference for the directional check is the voltage 3U,. Depending on the earthing
of the network the angle of the voltage 3Uy must be adjusted with the relay character-
istic angle, RCA.The reference voltage, see figure 141 "RCA with regard to compen-
sated or isolated network" on page 306,

Uref = -3y, (el "EM

(Equation 334)

Where:

-3Ug is equal to 3U, with 180 degrees adjusted

RCA isusually equal to zero in compensated network (Petersén coil) and -90 degrees
in isolated network.

Precondition for the calculation is the availability of high enough residual voltage and
residual current respectively. The sum of ¢ and RCA (called ANGLE) isused in the pro-
tection algorithm, see figure 141 "RCA with regard to compensated or isolated net-
work" on page 306.
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Figure 141: RCA with regard to compensated or isolated network

The compensated angleis used for directional detection and for input of the calculation
of the fault power component, 3Ug 3lgcos ¢.

Start conditions
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A start signal from the function isgiven if al thefollowing conditions arefulfilled, see
figure 142 "L ogic for sensitive directional residual power protection function (WEF2)"

on page 308.

* Residua voltage exceeds the setting value (UN>)
* Residua current exceeds the setting value (IN>)
* Themeasured rea power 3U, 3lcos ¢ exceeds the setting value (SN>)

The inverse function

Aninverse time trip function for the Sensitive directional residual power protectionis
implemented in the algorithm for WEF2.

The inverse time function:

Tinv = k CBref/ (83U 3lpcosd)

(Equation 335)
Where:
k is k-factor (0.0 - 2.0),
Sref is scaling factor (5.0 - 50.0) and
3Uglgcosd is the measured real power

Trip conditions
A trip signal from the function is given if all the following conditions are fulfilled:

* Residua voltage exceeds the setting value (UN>)
* Residua current exceeds the setting value (IN>)
» Themeasured real power component 3Ug 3lcos ¢ exceeds the setting value (SN>)

» Themesasured real power component 3U 3lgcos ¢ is activated until the inverse
time Tinv has elapsed.

» Thetimedelay tTrip has elapsed.
» Thefault isdetected in the chosen direction (forward or reverse).
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Figure 142: Logic for sensitive directional residual power protection function (WEF2)

8.3 Calculations

Consider aMV system with amedium size neutral point resistor connected to the neu-
tral of the transformer feeding the system. A phase to earth fault occurson alinein the
system, as shown in figure 143 "Equivalent of power system for calculation of setting”

on page 309.
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Phase to earth fault % xx00000715.vsd

Figure 143: Equivalent of power system for calculation of setting

The residual fault current can be written:

3V

3|, = > ph
07 2, +Z,+3 R,
(Equation 336)
Where:
Von is the phase voltage in the fault point before the fault

Zy = 2ot Z11t Zynepsa t ZineBe 1 A
(Equation 337)
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isthe total positive sequence impedance to the fault point,

Zy = Z1o+3 Ry = Xotot + Ziineas,o * Ziinesc,0 i
(Equation 338)

is the total zero sequence impedance to the fault point and Ry is the fault resistance.
Theresidual voltage in stations A and B can be written.

Voa = 3BlgdZr o +3[Ry) (Equation 339)

Vog = 3lg HZ1 o+ 3Ry * Zjneaso) i
(Equation 340)

The residual power will be:

Soa = 3V [BI
0A 0A SBlo (Equation 341)

Spp = 3V BI
0B 0B =20 (Equation 342)

The residual power isacomplex quantity. The protection will have a maximum sensi-
tivity in the characteristic angle ¢. The protection will use the component with the char-
acteristic angle for measurement and as base for the inverse time delay.

Soaprot = 3 Wop Blg [E0S § o (Equation 343)

Sogprot = 3 Vg [Blg LE0S § 5

(Equation 344)

The time delay for the two protectionsin A and B will be:

(Equation 345)
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SOB rot
tg = k —%
Sref
(Equation 346)
Where:
K, Sref are setting parameters

The network calculation should be used to find the base for setting of the parameters.
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Scheme communication logic for residual
overcurrent protection (EFC)

Application

This communication logic is intended for residual overcurrent protections.

To achievefast fault clearing for afault on the part of the line not covered by the instan-
taneous zone 1, the directional residual overcurrent protection function can be support-
ed with logic, that uses communication channels.

One communication channel in each direction, which can transmit an on/off signal is
required. The performance and security of thisfunction is directly related to the trans-
mission channel speed and security against false or lost signals. So special channelsare
used for this purpose. When power line carrier is used for communication, these special
channels are strongly recommended due to the communication disturbance caused by
the primary fault.

Inthedirectional comparison scheme, information of the fault current direction must be
transmitted to the other line end.

With directional comparison, an operate time of 50-60 ms, including a channel trans-
mission time of 20 ms, can be achieved. Thisshort operate time enablesrapid automatic
reclosing function after the fault.

During asingle-phase reclosing cycle, the auto-reclosing device must block the direc-
tional comparison earth-fault scheme.

The communication logic module for the REx 5xx terminal contains circuits for block-
ing overreach and permissive overreach schemes. The module & so contains logic for
the weak-end-infeed and current-reversal functions, which are used only in the permis-
sive overreach scheme.

Functionality

Theory of operation

Directional comparison logic function

Thedirectional comparison function contains logic for blocking overreach and permis-
sive overreach schemes.
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The circuitsfor the permissive overreach scheme contain logic for current reversal and
weak-end-infeed functions. These functions are not required for the blocking overreach
scheme.

Use the independent or inverse time functionsin the directional earth-fault protection
modul e to get back-up tripping in case the communication equipment malfunctionsthat
prevents operation of the directional comparison logic.

Connect the necessary signal from the auto-recloser for blocking of the directional com-
parison scheme, during a single-phase auto-reclosing cycle, to the EFC--BLOCK input
of the directional comparison module.

Blocking scheme

In the blocking overreach scheme, asignal is sent to the other line end if the directional
element detects a fault in the reverse direction. When the forward directional el ement
operates, it trips the line after a short time delay if no blocking signal is received from
the other line end. The time delay, normally 30-40 ms, depends on the communication
transmission time and the chosen safety margin.

One advantage of the blocking scheme is that only one channel (carrier frequency) is
needed and the channel can be shared with theimpedance-measuring system, if that also
worksin the blocking mode. The communication signal istransmitted on ahealthy line
and no signal attenuation will occur due to the fault.

Blocking schemes are particularly favorable for three-terminal applicationsif thereis
no zero-sequence current outfeed from the tapping. The blocking schemeisimmune to
current reversals because the received carrier signal ismaintained long enough to avoid
unwanted operation due to current reversal. There is never any need for weak-end-in-
feed logic, because the strong end trips for an internal fault when no blocking signal is
received from the weak end. But the fault clearing time is generally longer for a block-
ing scheme than for a permissive one.

If thefault ison theline, the forward direction measuring element operates. If no block-

ing signal comes from the other line end viathe EFC--CR binary input (carrier receive)
the EFC--TRIP output is activated after the tCoord set time delay.
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Figure 144: Simplified logic diagram, Scheme type = blocking

Permissive overreach scheme

In the permissive scheme, the forward directed measuring element sends a permissive
signal to the other lineend if afault is detected in the forward direction. The directional
element at the other line end must wait for a permissive signal before giving atrip sig-
nal. Independent channels (frequencies) must be available for the communication in
each direction.

An impedance-measuring relay which worksin an underreach permissive mode with
one channel in each direction can share the channels with the earth-fault overcurrent
protection. If the impedance measuring relay worksin the permissive overreach mode,
common channels can be used in single-line applications. In case of double lines con-
nected to acommon bus at both ends, use common channels only if theratio Z,g/ Zpg
(positive through zero-sequence source impedance) is about equal at both line ends. If
theratio is different, the impedance measuring and the directional earth-fault current
system of the healthy line may detect a fault in different directions, which could result
in unwanted tripping.

Common channels can not be used when the weak-end-infeed function is used in the
distance or earth-fault protection.

In case of an internal fault, the forward directed measuring element operates and sends
apermissive signal to the remote end viathe EFC--CS output (carrier send). Local trip-
ping is permitted when the forward direction measuring element operates and a permis-
sive signdl is received viathe EFC--CR binary input (carrier receive).
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9.3

The total operate-time for the system is the sum of the Pick-up time (of the measuring
element) and the Transmission time (of the permissive signal)
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| EFC-BLOCK

|
"EFC-CR 1 & EFC-CRL!
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[ .
| & EFC-TRIP|
: EFC-CACC & I
| |
| |
: EFC-CS;
- |
| EFC-CSBLK . — 2 i
'EFC-CSPRM & .
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Figure 145: Simplified logic diagram, Scheme type = permissive

Design

Blocking scheme

In the blocking scheme, a signal is sent to the other line end if the directional element
in TEF function, connected to the EFC--CSBLK input signal, detects afault in the re-
verse direction. When the forward directional element operates, it trips the line after a
short time delay if no blocking signal is received from the other line end. The time de-
lay, normally 30-40 ms, depends on the communication transmission time and the cho-
sen safety margin.

Permissive overreaching scheme

In the permissive scheme, the forward direction measuring e ement in TEF function,
connected to the EFC--CSPRM input, sends apermissive signal to the other line end if
afault isdetected in the forward direction. The directional element at the other lineend
must wait for apermissive signal before giving atrip signal. Independent channels (fre-
guencies) must be available for the communication in each direction.
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Calculations

Setting

The parametersfor the scheme communication logic for residual overcurrent protection
function are set viathe local HMI or PST (Parameter Setting Tool). Refer to the Tech-
nical reference manual for setting parameters and path in local HMI.

Blocking scheme

In the blocking scheme, set the tCoord timer to the channel transmission time during
disturbance conditions. Add amargin of 20-30 ms. Two timesthe nominal value of the
channel transmission time is recommended when a power line carrier is used.

Permissive communication scheme

In the permissive communication scheme, the security against unwanted operation
caused by spurious carrier receive signals can beincreased by delaying the tripping out-
put with the tCoord timer. Set the timer in the range of 0.000 to 60.000 s. In most cases,
atime delay of 30 msis sufficient.
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Current reversal and weak end infeed logic for
residual overcurrent protection (EFCA)

Application

Thisadditional communication logic isintended for the Communication logic for resid-
ual overcurrent protections.

To achievefast fault clearing for afault on the part of the line not covered by the instan-
taneous zone 1, the earth-fault protection functions can be supported with logic, that
uses communication channels. REx 5xx terminals have for this reason available a
scheme communication logic. Different system conditions require in many cases addi-
tional special logic circuits, like current reversal logic and weak-end-infeed logic. Both
functions are available within the additional communication logic for earth-fault pro-
tection.

Current reversal logic

If pardlel lines are connected to common buses at both terminal's, overreaching permis-
sive communication schemes can trip unselectively due to fault current reversal. This
unwanted tripping affects the healthy line when afault is cleared on the other line. This
lack of security can result in atotal loss of interconnection between the two buses.

To avoid thistype of disturbance, afault current-reversal logic (transient blocking log-
ic) can be used.

Weak end infeed logic

Permissive communication schemes can basically operate only when the protection in
the remote terminal can detect the fault. The detection requires a sufficient minimum
fault current. The fault current can be too low due to an opened breaker or low short-
circuit power of the source. To overcomethese conditions, weak end infeed (WEI) echo
logic is used.

The fault current can also beinitially too low dueto the fault current distribution. Here,
the fault current increases when the breaker opensin the strong terminal and a sequen-
tial tripping is achieved. This requires a detection of the fault by an independent-trip-
ping zone 1. To avoid sequential tripping as described and when zone 1isnot available,
weak end infeed tripping logic is used.
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Functionality
Theory of operation

Directional comparison logic function

The directional comparison function containslogic for blocking overreach and permis-
sive overreach schemes.

The circuitsfor the permissive overreach scheme contain logic for current reversal and
weak end infeed functions. These functions are not required for the blocking overreach
scheme.

Use the independent or inverse time functionsin the directional earth-fault protection
modul e to get back-up tripping in case the communi cation equipment malfunctions and
prevents operation of the directional comparison logic.

Figures 148 "Simplified logic diagram, current reversa™ on page 320, 149 "Initial con-
dition" on page 320 and 150 "Simplified logic diagram, weak end infeed - echo." on
page 321 shows the logic circuits.

Connect the necessary signal from the auto-recloser for blocking of the directional com-
parison scheme, during asingle-phase auto-reclosing cycle, tothe EFCA-BLOCK input
of the directional comparison module.

Fault current reversal logic

Figures 146 "Initial condition" on page 318 and 147 "Current distribution after the
breaker at B:1 isopened" on page 319 show atypical system condition, which can result
in afault current reversal; note that the fault current isreversed in line L2 after the
breaker opening. Thiscan causean unselectiv triponlineL2if thecurrent reversal logic
does not block the permissive overreach scheme in the terminal at B:2.

Strong : L1 ‘ Weak
source A ? B1 source

o1 o+

A2 B:2

99000043.vsd

Figure 146: Initial condition
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Figure 147: Current distribution after the breaker at B: 1 is opened

The fault current reversal logic uses a reverse directed element, connected to EFCA-
IRV, whichinterminal at B:2 recognisesthefault ontheL 1 line. See Figure 149 "Initial
condition" on page 320. When the reverse direction element is activated during the
tPickUp time, the EFCA-IRVL signd is activated, see figure 148 "Simplified logic di-
agram, current reversal” on page 320. Thelogic is now ready to handle a current rever-
sal without tripping. EFCA-IRVL will be connected to the block input on the
permissive overreach scheme.

When breaker in B:1 operate, the fault current isreversed in line L2. The terminal at
B:2 recognises now the fault in forward direction. Together with the remaining carrier
received signal it will trip the breaker in B:2. To ensure that this does not occur, the per-
missive overreach function need to be blocked by EFCA-IRVL, until the carrier receive
signal isreset.

When the fault current isreversed in line L2, EFCA-IRV is deactived and EFCA -
IRVBLK isactived. Thereset of EFCA-IRVL isdelayed by thetDelay time, seefigure
148 "Simplified logic diagram, current reversal" on page 320. Thisensuresthe reset of
the carrier receive EFCA-CR signal interminal B:2.

Interminal A:2, wheretheforward direction element wasinitially activated. Thisdirec-
tion element must reset before the carrier send signal isinitiated from B:2. The delayed
reset of EFCA-IRVL also ensuresthe carrier send signal from terminal B:2 isheld back
until the forward direction element isreset in terminal A:2.
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Figure 148: Simplified logic diagram, current reversal

Weak and infeed logic

Figure 146 "Initial condition" on page 318 shows atypical system condition, which can
result in amissing operation; note that thereisno fault current from node B. This cause
that terminal at B cannot detect the fault and trip the breaker in B. To cope with this
situation, a selectable weak end infeed logic is provided for the permissive overreach
scheme.

Theweak end infeed function can be set to send only an echo signal (WEI=Echo) or an
echo signal and atrip signal (WEI=Trip). See figures 150 "Simplified logic diagram,
weak end infeed - echo." on page 321 and 151 "Simplified logic diagram, weak end in-
feed - Trip." on page 321.

Strong Weak
source source

Q== Ll7 )

99000054.vsd

Figure 149: Initial condition

The weak end infeed logic uses normally areverse and aforward direction element,
connected to EFCA-WEIBLK viaan OR-gate. See figure 150 "Simplified logic dia-
gram, weak end infeed - echo." on page 321. If neither the forward nor the reverse di-
rectional measuring element is activated during the last 200 ms. The weak-end-infeed
logic echoes back the received permissive signal. See figure 150 "Simplified logic dia-
gram, weak end infeed - echo." on page 321.

If the forward or the reverse directional measuring element is activated during the last
200 ms, the fault current is sufficient for the terminal in B to detect the fault with the
earth-fault function that isin operation.
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Figure 150: Simplified logic diagram, weak end infeed - echo.

With the Trip setting, the logic sends an echo according to above. Further, it activates
the EFCA-TRWEI signal to trip the breaker if the echo conditions are fulfilled and the
neutral point voltage is above the set operate value for 3U,.

The voltage signal that is used to calculate the zero sequence voltageis set in the earth-
fault function that isin operation.

EFCABLOCK
EFCAWEBLK 2™ 1 Soms m
EFCACRL = . & '

Figure 151: Simplified logic diagram, weak end infeed - Trip.

The weak end infeed echo sent to the strong line end has a maximum duration of 200
ms. When thistime period has el apsed, the conditions that enable the echo signal to be
sent are set to zero for atime period of 50 ms. This avoids ringing action if the weak
end echo is selected for both line ends.

10.3 Design

The complete EFCA additional logic for the directional residual OC protection is con-
sisting of two parts: Current reversal logic and weak end infeed logic. Each of them has
its own setting parameters and possibility for its own configuration.
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Figure 152 "Simplified logic diagram, current reversal" on page 322 presents a simpli-
fied logic diagram for the current reversal function. Thereversedirected signal from the
TEF directional residual OC function should be connected to the EFCA-IRV functional
input, to start the operation of alogic. The EFCA-IRVL signa will be activated, if the
fault has been detected in reverse direction for more than the tPickUp time set on the
corresponding timers.
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' |
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Figure 152: Simplified logic diagram, current reversal

ThetDelay timer delays the reset of the output signal, when the current reversal occurs
and the fault is detected in the forward direction. This prevents the TEF function to op-
erates unnecessarily during the current reversal conditions.

The weak end infeed function can be set to send only an echo signal (WEI=Echo) or an
echo signal and atrip signal (WEI=Trip). The function is released with either of the
WEI=Echo or WEI=Trip settingsin the menu.

The weak end infeed logic uses normally areverse and aforward directional element,
connected to EFCA-WEIBLK viaan OR-gate. The weak-end-infeed | ogic echoes back
the received permissive signal, if neither the forward nor the reverse directional mea-

suring element is activated during the last 200 ms.

With the Trip setting, the logic sends an echo according to above. Further, it activates
the EFCA-TRWEI signd to trip the breaker if the echo conditions are fulfilled and the
residual voltage is above the set operate value for 3Ug>.

Calculations

Setting

The parameters for the current reversal and weak end infeed logic for residual overcur-
rent protection functions are set viathelocal HMI or PST (Parameter Setting Tool). Re-
fer to the Technical reference manual for setting parameters and path in local HMI.
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Current reversal

The Current-reversal function is set on and off by setting the parameter CurrRev = On/
Off. Time delays shall be set for the timers tPickUp and tDelay.

tPickUp is chosen shorter (<80%) than the breaker opening time, but minimum 20 ms.

tDelay is chosen at a minimum to the sum of protection reset time and the communica-
tion reset time. A minimum tDelay setting of 40 ms is recommended.

Weak end infeed

Theweak end infeed can either be set off or to echo or trip by setting the parameter WEI
= Off/Echo/Trip. (Echo = Echo, Trip = Echo + Trip). Operate zero sequence voltage for
WEI trip is set with Ugr = xx % of Ub.

The zero sequence voltage for afault at the remote line end and appropriate fault resis-
tance is calculated.

To avoid unwanted trip from the weak end infeed logic (if spurious carrier signals
should occur), set the operate value of the broken delta voltage level detector (3Ug)
higher than the maximum fal se network frequency residual voltage that can occur dur-
ing normal service conditions. The recommended minimum setting is two times the
false zero-sequence voltage during normal service conditions.
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Thermal overload protection (THOL)

Application

When the load currents exceed the permitted continuous current thereis arisk that the
conductor or the insulation will be subject to permanent damage due to overheating.
Even moderate overloads under long time give appreciable temperature increase. For
example, acurrent of 1.2 times rated load current gives atemperature rise of 1.2 x 1.2
= 1.44 times rated value.

Thetemperaturerise asafunction of timefor afixed load isdetermined by the so called
thermal time constant T of the element. M oderate overloads are normally not detected
by current or impedance measuring relays. A current thermal overload protection can
prevent damage caused by excessive temperature increase due to moderate or heavy
current overloads.

Electrical cableswhich can be loaded up to the permissible load current should be pro-
vided with thermal protection. For cables surrounded by air, the thermal time constant
T can vary from some few minutes for 10 kV cables with small cross-sectiona areato
more than one hour for high voltage cables with large cross-sectional area. The shorter
time constant valid for cablesin air is decisive if some part of the cable is surrounded
by air.

For overhead lines and cables placed in the air, the ambient temperature will normally
vary considerably. Since the temperature of the element is the sum of the ambient tem-
perature and the temperature rise, the thermal protection for heavily loaded lines should
be provided with compensation for the ambient temperature. The heating effect of ra-
diant power from the sun can also be appreciable in some areas.

Functionality

The function includes a memory that is continuously updated with the heat content of
the line based on the RM S value of the line current and the ambient temperature. The
current used in the function is the phase current having the highest RM S value out of
the three phase currents. The function hastwo settable operating levelsfor temperature,
one intended for alarm and one intended for tripping. For the tripping function a reset
hysteresisisincluded that can be set between 5 and 30°C while for the alarm function
itisfixed at 5°C hysteresis.

For the alarm there isan output denoted ALARM which is active aslong as the temper-
ature is above alarm level. For the tripping there are two outputs, one denoted TRIP
which givesonly a50 ms pulse at operation and one denoted START whichisactive as
long as the temperature is above tripping level.
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11.3

Thefunction aso includes apossibility for ambient temperature compensation through
amA transducer input. The upper and lower valuefor theinput range can be set between
-25 and +25 mA and corresponding temperature between -1000 and + 1000°C. If trans-
ducer for ambient temperature is not available the function uses a +20°C reference val-
ueinstead. Thisvaluewill also be used if afault is detected in the transducer circuits or
mMA input module.

Calculations

The parameters for the thermal phase overload protection function are set viathe local
HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual for set-
ting parameters and path in local HMI.

The settings can also be made by aids of the SMS or PST setting tools.

For temperature compensation, input No. 1 on the MIM module No.1 is aways used
(fixed configuration). Necessary settingsfor the MIM module are On/Off for activation,
timeintervalsfor measuring of current, upper and lower value for the current input and
temperatures corresponding to max. respectively min. current. These settings can only
be made viathe SMS or PST setting tools.

To make the correct settings, the following data are required for the protected object:

» Final temperature rise after continuos load with specified load current

* Max. permissible continuous temperature and thermal time constant t of the object
* Max. ambient temperature

» Max. temperature rise due to radiant power from the sun - if significant

Thetime constant can befound if acurveisavailable which showsthe temperature rise
asafunction of timefor agivenload current. At load current Iload and final temperature
rise Tyj,, the following is valid:

Time: 1xt 2XT1 3XT 4XT 5XxT
Temperature rise in %)| 63 86 95 98 99
of Tfin:

If different values of T are calculated from the curve, select the lowest value of T to ob-
tain the best protection.

The time to function is calculated from the formula:
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nl m? 2
EIbaseD P
t=1t0n
I DZ _ Ttrig - Tamb
IjbaseD Tbase
(Equation 347)
Where:
p is 1p/lpase
Ip is continuous load current before the current is increased to |
Tamb is ambient temperature. (T, is 20° C as a fixed value if temperature compensa-

tion is not used)

For other parameters. see description in the setting table in the Technical Reference
Manual.

Setting example
Assume the following data:

e I1b:5A

« Temperature increase of the conductor: 90°C at continuous load current 4.5 A.
* Max. permissible temperature of the conductor: 125°C

e Time constant T = 20 min

¢ Max. ambient temperature: 30°C

* Max. temperature increase due to radiant power from the sun: 5°C

Example 1: THOL with no temperature compensation
lpase = 4.5 A = 4.5/5x 100 = 90% of 11b

Thase = 90°C, T =20 min

Thethermal function assumes 20°C ambient temperature as afixed value instead of the
actual value 30°C. Also, the 5°C temperature increase due to the sun radiant power is

not included in the cal culated temperature increase. Hence, the function calcul ates con-
tinuos conductor temperature 20 + 90 = 110°C at 4.5 A whereas the max. valueis 30 +
90 +5 = 125°C. Hence the setting should be TTrip = 125 - (125 - 110) = 110°C.
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Example 2: THOL with temperature compensation

Assume temperature measuring elements with output 4 mA at -20°C and 20 mA at
100°C. Settings of Ibase, Ty @nd T same as above.

MI11-1 Max=20.00mA MI1ll-MaxVaue=+100°C
MI11-1_Min=4.00mA MI11-MinVaue=-20°C
The influence of the ambient temperatureisincluded in the calculated values. The 5°C

temperature increase due to the sun radiant power, however, isnot included. Hencethe
setting should be Ty, = 125 - 5= 120°C.
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12 Stub protection (STUB)

121 Application

Line protection also includes the area between the two current transformers (CTs),
when the line is supplied viatwo circuit breskersin a1 1/2 breaker or aring-bus ar-
rangement. However, when the line disconnector is open, the line voltage transformers
for the distance protection can not provide the correct voltage for the stub end (the area
between the line disconnector and the CTs), if connected to the line side of a disconnec-
tor.

Some REXx 5xx terminals are equipped with the optional stub protection function, to
provide protection for afault in thisarea. The protection givesan overcurrent trip if the
line disconnector is open and the current exceeds the set value in any phase. A separate
binary input has to be configured for the connection of aline disconnector auxiliary
contact (NC contact).

Figure 153 "Typical connection for stub protection in 1 1/2 breaker arrangement.”" on
page 328 shows the application of the stub protection in 1 1/2 breaker arrangement.

LINE

/ BUS |

Z< +
CB.1
STUB | ¢
XCB.2
— &
STUB END -+
XcaB. 3
BUS Il

99000484.vsd

Figure 153: Typical connection for stub protection in 1 1/2 breaker arrangement.
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12.3

Functionality

The current-measuring elements continuously measure the three-phase currents , and
compare them with the set values. Fourier’s recursive filter filters the current signals,
and a separate trip counter prevents overreaching of the measuring elements.

Thelogical values of signals STIL1, STIL2 and STIL3 become equal to 1, if the mea-
sured current in the respective phase exceeds the pre-set value. If the function is en-
abled, theline disconnector isopened and the current exceedsthe set valuein any phase,
than after a short delay athree phase output trip signal is emitted from the function.

Design

The simplified logic diagram of the stub protection function is shown in figure 154
"Simplified logic diagram of stub protection.” on page 330.

The function is disabled (blocked) if:

e Theterminal isin TEST mode (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockSTUB=Y es)

» Theinput signal STUB-BLOCK ishigh

The STUB-BLOCK signal isablocking signal of the stub protection function. It can be
connected to abinary input of the terminal in order to receive ablock command from

external devicesor can be software connected to other internal functions of theterminal
itself in order to receive ablock command from internal functions. Through OR gate it
can be connected to both binary inputs and internal function outputs.

The duration of the trip signal STUB-TRIP isat least 25 ms. This enables continuous
output signals for currents, which go just alittle beyond the set operating value.

The STUB-RELEASE signal input has to be connected to the N.C. auxiliary contact of

the line disconnector. It will be high when the disconnector is open and it allows the
overcurrent trip.
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Figure 154: Simplified logic diagram of stub protection.

12.4 Calculations

12.41 Settings
The parameters for the stub protection functions are set viathe local HMI or PST (Pa-

rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and path in local HM1.:stub protection function

Note: n=1,2,3 or 4, depending on which group to set.

The parameter list and their setting ranges are shown in the appendix.

It is common practice to set the overcurrent primary setting to 130% of the rated pro-

tected line current | . The primary set value | Sspg Will be:

ISpriv = 1.3,

(Equation 348)

The secondary setting value I sgec iS:
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— ISEC

ISsec = USpRrim
PRIM
(Equation 349)
Where:
Isec is the secondary rated current of the main CT and
IpRIM is the primary rated current of the main CT.

The relay setting value IP> is given in percentage of the secondary base current value,
I1b, associated to the current transformer input | 1. The valuefor IP> isgiven from this
formula:

Is
SEC
P>= ——=

(Equation 350)

and thisis the value that hasto be set in therelay.
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Breaker failure protection (BFP)

Application

Thisfunction issues a back-up trip command to trip adjacent circuit breakersin case of
atripping failure of the circuit breaker (CB), and clears the fault as requested by the ob-
ject protection.

The breaker-failure function is started by a protection trip command, from the line and
busbar protection through the breaker-related trip relays. A general START input isal-
ways available that starts the measurement in all appropriate phases. In some imple-
mentations also phase selective START signals are available. For retrip thereisalways
ageneral RETRIP output available and in applicationswith phase selective START sig-
nals also phase selective RETRIP output signals are available. Correct fault current
clearing or failureis detected by acurrent check in each phase. The current level can be
set at 0,05 to 2 times the rated current.

Retrip of the faulty CB can be done with or without current check. A delay, 0-60 s, can
be set for the retrip.

Theuse of retrip, limitstheimpact on the power system if the breaker-failure protection
function (BFP) is started by mistake during testing or other maintenance work.

A second time step is used for the back-up trip command. It should be connected to trip
the adjacent breakers, to clear the busbar section and intertrip the remote end, if so re-
quired. The time setting range is 0-60 s.

By using separate timersfor each phase, correct operation at evolving faultsis ensured.

The timer setting should be selected with a certain margin to allow variation in the nor-
mal fault clearing time. The properties of the BFP function allow the use of asmall mar-

gin.
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Figure 155: Breaker-failure protection, simplified logic diagram

The application functions of the protection are:

Individual phase-current detection

Two time steps, one for retrip of the related circuit breaker and one for the back-up

trip of the adjacent circuit breakers

Selection of current controlled or unconditional retrip
Phase separated timers gives correct operation at an evolving fault
Accurate timers and current elementsreset in 10 ms, allowing the use of short back-

up trip time
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Figure 156: Time sequence

Functionality

The breaker-failure protection will be started by ageneral signal, or in some cases phase
selective signals, either from an external protection, or internally from aprotection trip
signal in the terminal.

The breaker receiving the original protection trip command can be retripped from the
BFP. The retrip can be controlled by a current check, or carried out as adirect retrip
without any current check. The direct retrip can be used, because the breaker-to-trip has
already received atripping command, and the direct retrip does not cause any unselec-
tive tripping

The use of retrip, limits the extent of unwanted power disconnection in case of an acci-
dental start of the BFP at work in the initiating circuits, with the primary circuit in ser-
vice and the load above the set current level.

The back-up trip is sent to the adjacent circuit breakersin order to clear the fault and
disconnect the failing circuit breaker.
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Input and output signals

External start

Trip Logic Breaker-failure
protection
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TRRETL3|———
TRRET
TRBU
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Figure 157: Input and output signals

The connectabl e inputs are connectable by configuration to the binary inputs of the ter-
minal or to other internal functions’ outputs. The outputs are connectable by configura-
tion to the binary output relays. “ Connectables” and “outputs’ can be connected to the
free-logic functions of the unit, OR gates, and in that way add connection links

Start functions

The breaker-failure protection can be started either internally or externally. The start
pulseis sealed-in aslong as the current exceeds the preset current level, to prevent a
restart of the BFP timersin case of achattering starting contact. The preset current level
may be set to (0.05 - 2.0) - Ir wherelrislor5A.

Measuring principles

The current isfiltered through a specially designed high-pass filter to obtain the re-
quired suppression of the dc components.

High-pass filtering is performed basically for two reasons, i.e. to remove the:
» dc component caused by saturated current transformers with adecaying current due

to de-energizing of the secondary circuit. Thisis doneto achieve amore correct rep-
resentation of thereal current in theline.
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e dccomponent that isapart of thefault current. Thisisdoneto achieve acorrect base
for both ASD and RMS calculations.

The frequency limit of thefilter is very close to the service frequency, to obtain a max-
imum suppression of the above dc components.

The intention of the adaptive signal detection (ASD) concept is to achieve indepen-
dence from the absol ute filtering requirement, when dealing with extremely high fault
currentsin combination with low preset values. Thisis obtained by creating a new sta-
bilizing signal to compare the current with.

The ASD works continuously, regardless of if the BFP was started. Itsresult ishowever
considered only when the BFP has started and the pre-set time has el apsed.

Asthe current exceeds the previously stabilized sample, it adapts the value of the cur-
rent and when it does not, it decays. This adaptive behaviour makes it possible to rap-
idly and securely detect a breaker failure situation after the pre-set time has el apsed.
Continuously and in parallel, the RM S value of the post-filtered signal iscalculated and
compared with apreset current level. Asthe RM S val ue decreases bel ow the preset cur-
rent level, the breaker-failure function is momentarily reset.

At normal operation of the circuit breaker, the stabilizing signal exceeds the post-fil-
tered signal for a consecutive period of maximum 10 ms before it is reset. Resetting oc-
curs before the back-up trip timer t2 has timed out.

At abreaker failure situation, the post-filtered current exceeds the stabilizing signal, re-
aulting in atrip from the breaker-failure function within 10 ms after the trip timer t2 has
elapsed.

The breaker-failure protection works totally separated when comes to current measure-
ment and timers. The back-up trip is always non-segregated.

[ ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' -

Current

! Current detector J_ _I
: ASD Back-up trip
R

99000104.vsd
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Figure 158: Breaker-failure protection
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Figure 159: Current detector, ASD and RMS measurement

Retrip functions
The retrip function of the original circuit breaker is set at one of three options:

Setting: The retrip;

Off function is not executed.

I> check occurs with a current check.
No I> check occurs without a current check.

The retrip timer t1 can be set from 0 to 60 s.
A trip pulse, tp, is generated with alength of 150 ms.

Back-up trip
The back-up trip delay timer t2 can be set between 0 and 60 s.

A trip pulse, tp, is generated with alength of 150 ms.

13.3 Design

The breaker failure protection isinitiated by the trip commands from the protection
functions, either internal to the terminal or from external commands through binary in-
puts. The start can be initiated by a general signal, or in some cases phase selective sig-
nals.
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The operating values of the current measuring elements are settable within awide set-
ting range. The measuring is stabilised against the dc-transient that can cause unwanted
operation at saturated current transformers and correct breaker operation. Time mea-

surement isindividual for each phase. Two independent timers are available, t1 for re-
peated tripping of “own” breaker and t2 which operatestrip logic for adjacent breakers.

Calculations

Setting

Human-machine interface (HMI)

The parameters for the breaker failure protection function are set viathe local HMI or
PST (Parameter Setting Tool). Refer to the Technical reference manual for setting pa-
rameters and path in local HMI.

The breaker-failure protection can be controlled from the human-machine interface
(HM1) by an “Operation” parameter, to be set between alternatives Off/On.

When “Operation” is set to Off, the function becomes inoperative.

The configuration of input and output signalsto the function is made with the CAP con-
figuration tool.

The inputs and the outputs to and from the breaker-failure protection are presented in
thesignal list.

Fixed values

Trip pulse, tp 150 ms, fixed

The breaker failure protection shall be set by means of acurrent limit for detection of a
breaker failure. The current setting shall be chosen in relation to the protection func-
tions, initiating the breaker failure protection. Normally the current setting should be
equal to or lower than the most sensitive setting of aresidual overcurrent protection.

If the retrip function is used atime delay before retrip has to be set. In most cases this
time delay can be set to zero.

The time delay of the back-up trip function shall be chosen so that selectivity is main-
tained. Consider the following:

t1: Set retrip time delay
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ty- Circuit breaker opening time
BFR reset time

The back-up trip delay t2 shall be set:

t2 > t1 + t, + margin

(Equation 351)

Atthesametimeit isdesired that the back-up trip isdone so fast that remote protections
will not trip.
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Chapter 6 Voltage

About this chapter
This chapter describes the voltage protection functions.
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Time delayed undervoltage protection (TUV)

Application

Undervoltage protection prevents the sensitive elements from running under conditions
that could cause their overheating and thus shorten their life expectancy below the eco-
nomical limits. In many cases, it isauseful tool in circuits for local or remote automa-
tion processes in the power system.

Functionality
Figure 160 shows a simplified logic diagram of the undervoltage protection function.

The trip output signal TUV--TRIP changes from logical 0 to logical 1if at least one of
thesignals TUV--STUL 1IN, TUV--STUL2N or TUV--STUL 3N remains equal to logi-
cal 1 for atimelonger than the set value on the corresponding timer. The TUV--VTSU
signal, that is normally connected to the fuse failure supervision function, can inhibit
the operation of the undervoltage protection. Any external signal, connected to the
TUV--BLOCK input also blocksthe operation of the undervoltage protection. Trip out-
put signal TUV--TRIP isblocked by any signal connected to TUV--BLKTR input.



Time delayed undervoltage protection Chapter 6
(TUV) Voltage

\ - - - - s s s s s s s s 1

i TUV--BLKTR

Function enable

TUV--BLOCK
TUV--VTSU

&
TUV--STUL1IN |_

|

|

|

|

| .
I IRE: >1 & TUV--TRIP |
| | TUV--STUL2N -

I 1 & r TUV--START]| .
| [TUV--STUL3N
i
|
|
|
|
|

@
o
Q
~
—
C
D
<
&

7

WV
=
J

TUV--STL3 |

en00000121.vsd

Figure 160: Simplified logic diagram - Undervoltage protection

1.

w

Design

The voltage measuring elements within one of the built-in digital signal processors con-
tinuously measure the phase-to-neutral voltagesin all three phases. Recursive Fourier
filter filters the input voltage signals and a separate trip counter prevents high over-
reaching or underreaching of the measuring elements.

14 Calculations

The parameters for the time delayed undervoltage protection function are set viathe lo-
cal HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual for
setting parameters and path in local HMI.

343



Time delayed undervoltage protection Chapter 6
(TUV) Voltage

344

All thevoltage conditionsin the system where the undervoltage protection performsits
functions should be considered. The same also applies to the associated equipment, its
voltage and time characteristic.
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Time delayed overvoltage protection (TOV)

Application

The application areas of the overvoltage protection functions are different in distribu-
tion and transmission networks.

The overvoltage protection is used to protect the equipment and its insulation against
overvoltage. In thisway it prevents damage to the equipment in the power system and
shortening of their life time.

The residual overvoltage protection function is mainly used in distribution networks,
primarily asaback-up protection for the residual overcurrent protectioninthelinefeed-
ers. Thisto secure disconnection of earth-faults.

Functionality

The phase overvoltage protection function continuously measures the three phase volt-
ages and initiates the corresponding output signals if the measured phase voltages ex-
ceed the preset value (starting) and remain high longer than the time delay setting on
the timers (trip). This function also detects the phases which caused the operation.

Theresidual overvoltage protection function calculatesthe residual voltage (3UQ) from
the measuring three phase voltages and initiates the corresponding output signalsif the
residual voltageis larger than the preset value (starting) and remains high longer than
the time delay setting (trip).

Design

Figure 161 shows a simplified logic diagram of the overvoltage protection function.
Thetime delayed residua overvoltage protection and the time delayed overvoltage pro-
tection share some input signals and logical elements. For this reason and for the sake
of better overview both the protections are shown in the figure.
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Figure 161: Time delayed overvoltage protection - simplified logic diagram
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Figure 162: Logic diagram, time delayed overvoltage protection, phase wise

The TOV--TRIP and TOV--TRPE output signals changesfrom logical O to logical 1 if
at least one of thelogical signals TOV--STUL 1IN, TOV--STUL2N, TOV--STUL3N re-
mains equal to logical 1 for atimelonger than the set value on the corresponding timer.
Thesignal TOV--TRPE will be high, to indicate that the overvoltage protection caused
thetrip

Any signal connected to the TOV--BLOCK input blocks the operation of the time de-

layed overvoltage protection. Similarly any signal connected to TOV--BLKTR will
block the trip output from the time delayed overvoltage protection.
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Figure 163: Logic diagram, time delayed overvoltage protection, residual

The TOV--TRIP and TOV--TRN output signal changes from logical 0 to logical 1 if
TOV--ST3UO remains equal to logical 1 for atime longer than the set value on the cor-
responding timer. The signal TOV--TRN will be high, to indicate that the residual ov-
ervoltage protection caused the trip.

Any signal connected to the TOV--BLOCK input blocks the operation of the time de-
layed residual overvoltage protection. Similarly any signal connectedto TOV--BLKTR
will block the trip output from the time delayed residua overvoltage protection.

Calculations

Setting

Thetime delayed overvoltage protection function are set viathe local HMI or PST (Pa-
rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and pathin local HMI.

All the voltage conditions in the system where the overvoltage protection performsits
functions must be considered. The same also applies to the associated equipment, its
voltage-time characteristic.

The overvoltage protection should be set higher than the expected maximum system op-
erate voltage that isin a particular part of anetwork. A safety margin of at least 10%
should also be considered dueto the inaccuraciesin the instrument transformers, calcu-
lation methods, and the inaccuracy of the measuring elementsin the terminal.



Time delayed overvoltage protection Chapter 6
(TOV) Voltage

The residual overvoltage protection should be set higher than the expected maximum
system operate voltage that isin a particular part of a network. A safety margin of at
least 10% should al so be considered dueto the inaccuraciesin the instrument transform-
ers, calculation methods, and the inaccuracy of the measuring elementsin the terminal.
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Chapter 7 Power system
supervision

About this chapter
This chapter describes the power system supervision functions.
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Broken conductor check (BRC)

Application

Conventional protections can not detect the broken conductor condition. In REx 5xx
terminals this detection is achieved through the broken conductor check function
(BRC), consisting of continuous current unsymmetry check on the line where the ter-
minal is connected. The detection might aso concern possible interruptionsin the con-
necting circuits between the instrument current transformers and the terminal.

Functionality

The current-measuring elements continuously measure the three-phase currents. The
current unsymmetry signal STl issetto 1if :

» Any phase current is lower than 80% of the highest current in the remaining two
phases

» The highest phase current is greater than the minimum setting value |P>

If the unsymmetrical detection lastsfor aperiod longer than the set timet, athree phase
trip signal BRC--TRIP isissued.

Design

Thesimplified logic diagram of the broken conductor check functionisshownin figure
164.

The function is disabled (blocked) if:

e Theterminal isin TEST status (TEST-ACTIVE ishigh) and the function has been
blocked from the HMI (BlockBRC=Y es)

e Theinput signa BRC--BLOCK ishigh

The BRC--BLOCK signal isablocking signal of the broken conductor check function.
It can be connected to abinary input of theterminal in order to receive ablock command
from external devicesor can be software connected to other internal functions of theter-
minal itself in order to receive ablock command from interna functions. Through OR
gate it can be connected to both binary inputs and internal function outputs.

Theoutput trip signal BRC--TRIP isathree phasetrip. It can be used to command atrip
to the circuit breaker or for asignallization.
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1.4

1.41
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Figure 164: Simplified logic diagram of broken conductor check function

Calculations

Setting instructions

The operating values for the broken conductor check function are set viathe local HMI
or PST (Parameter Setting Tool). Refer to the Technical reference manua for setting
parameters and path in local HMI.

The minimum operating current is usually set to about 15% of the rated protected line
current.

Thetime delay must comply with the selectivity planning of the protection inthewhole
network if the function isused for tripping the circuit breaker. The time delay might be
longer if the function isintended for alarming purposes.

For the parameter list and their setting ranges, please see “ Setting parameters’ in the
“Technical reference manual”.

Setting of the minimum operating current IP>
If the rated current of the protected lineis| |, then the primary set value Isprwill be:
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ISprim = 0,150,

(Equation 352)

The secondary setting value I sgec iS:

I
_ _SEC

ISsec = § OSprim

PRIM

(Equation 353)

Where:
Isec is the secondary rated current of the main CT and
IpRIM is the primary rated current of the main CT.

Therelay setting value IP> is given in percentage of the secondary base current value,
I 1b, associated to the current transformer input | 1. The valuefor IP> isgiven from this
formula:

ISSEC
> = ——
IP It 100

(Equation 354)

and thisis the value that hasto be set in the terminal.

Set this value under the setting menu:
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Settings
Functions
Group n
BrokenConduct

on thevaue|P>.

Note!

Usually Ipgyy is chosen to be 1.4 times the rated line current (Ippyyy = 1.4 1;) and is
set to the relay rated current, equal to the secondary rated current of the main CT (1),

= Ispo)-

So it is obtained:
Isec
bR OSprim
IP> = ——— [1100

(Equation 355)

|
0-5EC p 15, .

(.40,
P> = G——-————— [100C= 10.7 %

0 lsec 0

0 0

(Equation 356)

Thisiswhy the default setting for P> is 10%.

Setting of time delay t
Set the time delay of the function, t, under the setting menu:

Settings
Functions
Group n
BrokenConduct

on thevauet.
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2.2

2.3

356

Loss of voltage check (LOV)

Application

The trip of the circuit breaker at a prolonged loss of voltage at all the three phasesis
normally used in automatic restoration systemsto facilitate the system restoration after
amajor blackout. The loss of voltage check function givesatrip signal only if the volt-
agein al thethree phasesislow for morethen 7 seconds. If thetrip to thecircuit breaker
is not required, then the function can be used for signallization through an output con-
tact or through the event recording function.

Functionality

The voltage-measuring elements continuously measure the three phase-to-earth voltag-
es, and compare them with the set values. Fourier recursive filter filtersthe voltage sig-
nals.

Thelogical values of the following signals become equal to 1, if the related phase mea-
sured voltage decrease under the pre-set value:

* STULIN for U 4 voltage
e STULZ2N for U 5\ voltage
e STULSN for U g\ voltage

The 150 ms output trip pulseisissued if al the three phase voltages are below the set-
ting value for more than 7s. The function can be blocked from the fuse failure supervi-
sion function intervention and when the main circuit breaker is open.

Design

The simplified logic diagram of the loss of voltage check function is shown in figure
165.

The function is disabled (blocked) if:

e Thetermina isin TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HM1 (BlockLOV =Y es)

* Theinput signal LOV--BLOCK ishigh

The LOV--BLOCK signal isageneral purpose blocking signal of the loss of voltage
check function. It can be connected to abinary input of the terminal in order to receive
ablock command from external devices or can be software connected to other internal
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functions of the terminal itself in order to receive ablock command from internal func-
tions. Through an OR gate it can be connected to both binary inputs and internal func-
tion outputs.

The function has a particular internal latched enable logic that:

» enablesthefunction (signal latched enableinfigure 165 isset to 1) when thelineis
restored; i.e. at least one of thethree voltagesis high for morethen 3 seconds (signal
set enablein figure 165).

» disablesthe function (signal latched enablein figure is set to 0) if the signal reset
enableinfigure 165 is set to 1 (reset of latced enable signal).

The latched enable signal isreset (i.e. the function is blocked) if:

» themain circuit breaker isopened. Thisisachieved by connecting aN.C. contact of
the main circuit breaker to aterminal binary input connected to the function input
LOV--BC

» thefusefailure supervision function hastripped. Thisisachieved by connecting the
output signal of the fuse failure supervision, FUSE-V TSU, to the function input
LOV--VTSU

» not all the three phase voltages are low for more then 10 s (only one or two phase
voltages are low).

The output trip signal of the voltage check functionis LOV--TRIP.

357



Loss of voltage check (LOV) Chapter 7
Power system supervision

LOV - LOSS OF VOLTAGE CHECK FUNCTION
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Figure 165: Simplified logic diagram of loss of voltage check protection function

2.4 Calculations

241 Setting instructions
The parameters for the loss of voltage check function are set viathe local HMI or PST

(Parameter Setting Tool). Refer to the Technical reference manual for setting parame-
ters and path in local HMI.

For the parameter list and their setting ranges, please see " Setting parameters’ in the
Technical reference manual.

The low voltage primary setting should be lower than the minimum system operating
voltage. A reasonable setting will probably be 20-50% of system nominal voltage.

For aprimary set value Uspg, ) the secondary setting value Usgec is:
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Ussec = g BUSprim
PRIM
(Equation 357)
Where:
Usec is the secondary rated voltage of the main VT and
UpriM is the primary rated voltage of the main VT

The relay setting value UPE< is given in percentage of the secondary base voltage val-
ue, Uy, associated to the voltage transformer input. The value for UPE< is given from
this formula:

Us
UPE< = —2EC 00
Uiy

(Equation 358)

and thisis the value that has to be set in the terminal.
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Overload supervision (OVLD)

Application

The overload supervision function sends an alarm signal when the current exceeds the
set level for longer than a pre-set time. The operating level of the current measuring el-
ement can be set to the maximum, accepted, continuous current. So operatorsare aerted
if the primary system operates in a dangerous overload mode. A typical application is
the signalling of the overload of the current transformers connected to the terminal, as
they usually can withstand a small current beyond their rated current.

Functionality
The current-measuring elements continuously measure the three phase currents, and
compare them with the set values. Fourier's recursive filter filters the current signals.

Thelogica values of the following signals become equal to 1, if the measured current
in any phase exceeds the pre-set value:

 STIL1
« STIL2
 STIL3

If any of the three phase currents exceeds the set value |P> for a period longer than the
delay timet, then the trip signal OVLD-TRIP is emitted.

Design

The simplified logic diagram of the time delayed phase overload function is shown in
figure 166.

The function is disabled (blocked) if:

e Theterminal isin TEST status (TEST-ACTIVE ishigh) and the function has been
blocked from the HM1 (BlockOVLD=Y es)

e Theinput signa OVLD-BLOCK ishigh

The OVLD-BLOCK signal isablocking signal of the overload supervision function. It
can be connected to a binary input of the terminal in order to receive a block command
from external devicesor can be software connected to other internal functions of theter-
minal itself in order to receive a block command from internal functions. Through an
OR gate it can be connected to both binary inputs and internal function outputs.
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3.4

3.4.1

The output trip signal OVLD-TRIP is athree-phase trip. It can be used to command a
trip to the circuit breaker or for asignallization.

OVLD - OVERLOAD SUPERVISION FUNCTION

| |TEST-ACTIVE |
| N i
i BlockOVLD = Yes\

|
|
|
|
: | 1
|
|
|

| Function Enable
OVLD-BLOCK >1
STIL1 t
& — OVLD-TRIP
t
STIL2 >1 ==

|
|
|
|
|
|
|
|
|
|
|
|
|

99000491.vsd

Figure 166: Simplified logic diagram of overload supervision function

Calculations

Setting instructions

The parameters for the overload supervision function are set viathe local HMI or PST
(Parameter Setting Tool). Refer to the Technical reference manual for setting parame-
ters and path in local HMI.

The current level set should be above the maximum permissible load current. Consider
the accuracy class of the used instrument current transformers and the specified accu-
racy of the current measuring elements in the REx 5xx terminals.

The corresponding time delay must comply with the selectivity planning of the protec-
tion in the whole network, and with the permissible overloading of the conductors, if
the function isused for tripping the circuit breaker. The above settings might change to
alower current value and longer time delay if the function servesonly for alarming and
not for tripping purposes.
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Setting of operating current IP>

The relay setting value IP> is given in percentage of the secondary base current value,
l1, , @ssociated to the current transformer.

If Issec isthe secondary current operating value of the function, then the relay setting
value IP> is given from this formula:

Is
_ °SEC
IP> = b 100

(Equation 359)

and thisis the value that has to be set in the terminal.
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4.2

Dead line detection (DLD)

Application

The dead-line detection function (DL D) detects the disconnected phase(s) of a protect-
ed object. The output information serves as an input condition for some other measuring
functions within the REx 5xx terminals. Typical examples of such functions are:

» Fusefailure supervision function (FUSE)
»  Switch-onto-fault function (SOTF)

For thisreason, always configure the DLD--START output signal to the corresponding
inputs of the above functions.

Design

Figure 167 presents asimplified logic diagram of the function. Phase L1, L2 and L3
currents and voltages are measured by one of the built-in digital signal processors. Log-
ical signals STMILn become logical one, if the measured current in the corresponding
phase (n = 1..3) decreases under the set operating level.

Logical signals STULNN become logical one, if the measured voltage in the corre-
sponding phase (n = 1..3) decreases under the set operating level.

363



Dead line detection (DLD) Chapter 7
Power system supervision

.DLD--BLOCK |
[ .
i |
| sTMILL & DLD--STILL |
! & i
I X
: |
| | sT™IL2 & DLD--STIL2 .
i -
i |
| st™IL3 & DLD--STIL3 |
! B i
I X
: |
| [sTuLiNn & DLD--STULL .
i +—d
i |
. |sTuLen & DLD--STUL2
| | & p———
i |
| |sTuLan bLD-STUL3 |
& _— - -
i - |
| |
[ & H 21 & DLD--STPH |
| [ B !
|
| & M
I u |
& & DLD--START |
| & L4 \
| |

€n00000493.vsd

Figure 167: DLD - simplified logic diagram of the dead line detection function

Corresponding phase starting output signals DLD--STILn and DLD--STULn become
in this case logical one, if the function is not blocked by the logical one on DLD--
BLOCK functional input.

Simultaneous operation of current and voltage measuring elementsin one phaseis a
necessary condition for the determination of a*dead-phase” condition. This condition
is presented by the activation of aDLD--STPH output signal.

A complete line is determined as a“dead-line”, when the voltages and the currentsin

al three phases decrease under the set operate values. A DLD--START output informs
about this operating condition.
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4.3.1

Calculations

Setting instructions

The parameters for the dead line detection function are set viathe local HMI or PST
(Parameter Setting Tool). Refer to the Technical reference manual for setting parame-
ters and path in local HMI.

Set the minimum operate voltage UP< (phase value) with a sufficient margin (at least
15%) under the minimum expected system operate voltage.

Set the minimum operate current with sufficient margin (15 - 20%) under the minimum
expected load current. In many cases the minimum load current of alineiscloseto O or
even 0. In such cases a setting must be chosen so that signalsDLD-STILn are given dur-
ing normal operation. The operate value must however acceed the maximum charging
current of an overhead line, when only one phase is disconnected (mutual coupling to

the other phases).
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Chapter 8 Secondary system
supervision

About this chapter
This chapter describes the secondary system supervision functions.

367



Current circuit supervision (CTSU) Chapter 8
Secondary system supervision

1.1

1.2

368

Current circuit supervision (CTSU)

Application

The correct operation of a protection depends on correct information about the primary
value of currents and voltages. When currents from two independent 3-phase sets of
CT’s, or CT cores, measuring the same primary currentsare available, areliable current
circuit supervision can be arranged by comparing the currents from the two sets. If an
error inany CT circuit is detected, the protection functions concerned are to be blocked
and an alarm given.

In case of large currents, unequal transient saturation of CT cores with different rema-
nence or different saturation factor may result in differences in the secondary currents
from the two CT sets. Unwanted blocking of protection functions during the transient
period must be avoided.

The supervision function must be sensitive and have short operate time to prevent un-
wanted tripping from fast-acting, sensitive numerical protectionsin case of errorsin the
current circuits.

Note that the same current input transformer (I15) in REx 5xx is used for the reference
current | ¢ of the CT supervision, theresidual current from the parallel linefor the fault
locator and, dependent on setting 14 or 15, maybe for the earth-fault protection function.
Hence, when the CT supervision functionisused, the other functions mentioned can not
be used. Also the settings Xm0 = 0 and RmO = 0 must be used for the fault locator.

Functionality

The supervision function compares the numerical value of the sum of the three phase
currents |2l pnasel (current inputs 11, 12 and 13) and the numerical value of the residual
current |I,«| (current input 15) from another current transformer set, see figure 168.

The CTSU-FAIL output will be set to alogical one when the following criteriaare ful-
filled:

* Thenumerical value of the difference |l jhase| — [Iv¢f| is higher than 80% of the nu-
merical value of the sum |2l yhase| + [l resl-

* Thenumerical value of the current [Z1 ;pase| — [l f| is €qual to or higher than the set
operate value IMinOp (5 - 100% of 11b).

* No phase current has exceeded 1.5 times rated relay current |1b during the last 10
ms

* The current circuit supervision is enabled by setting Operation = On.
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The CTSU-FAIL output remains activated 100 ms after the AND-gate resets when be-
ing activated for more than 20 ms. If the CTSU-FAIL lasts for more than 150 ms a
CTSU-ALARM will beissued. In this case the CTSU-FAIL and CTSU-ALARM wiill
remain activated 1 s after the AND-gate resets. This prevents unwanted resetting of the
blocking function when phase current supervision element(s) operate, e.g. during a
fault.

CTSU-BLOCK

o s T T T T T T T T T T T T T T e e e e e 1
I

CTSU-FAIL -

.g

 [_OPERATION !

99000067.vsd

Figure 168: Simplified logic diagram for the current circuit supervision

The operate characteristic is percentage restrained, see figure 169.
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Figure 169: Operate characteristics

Note that due to the formulas for the axis compared, |l jhasel - [Iref| @nd [l phasel + [l et
respectively, the slope can not be above 1.

Calculations

Setting instructions
The function is activated by setting Operation = On.

The minimum operate current (IMinOp) should as a minimum be set to twice the resid-
ual current in the supervised CT circuits under normal service conditions and rated pri-
mary current. The setting rangeis 5 — 100% of 11b

The CTSU-FAIL and CTSU-ALARM outputs are connected to the blocking input of
the actual protection function and output alarm relay respectively viatheinternal logic
programming of the REx 5xx relay.
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2.2

Fuse failure supervision (FUSE)

Application

Different protection functions within the REx 5xx protection, control and monitoring
terminals operate on the basi s of the measured voltage in the relay point. Examples are:
distance protection function, undervoltage measuring function and voltage check for
the weak infeed logic.

These functions can operate unnecessarily if afault occursin the secondary circuits be-
tween the voltage instrument transformers and the terminal.

It ispossible to use different measures to prevent such unwanted operations. Miniature
circuit breakers in the voltage measuring circuits, located as close as possible to the
voltage instrument transformers, are one of them. Separate fuse-failure monitoring re-
lays or elements within the protection and monitoring devices are another possibilities.
These solutions are combined to get the best possible effect in the fuse failure supervi-
sion function (FUSE) of REx 5xx terminals.

Thefuse-failure supervision function as built into the REx 5xx terminal s can operate on
the basis of external binary signals from the miniature circuit breaker or from the line
disconnector. Thefirst case influences the operation of al voltage-dependent functions
while the second one does not affect the impedance measuring functions.

The zero sequence detection algorithm, based on the zero sequence measuring quanti-
ties, ahigh value of voltage 3-Ug without the presence of the residual current 3:1g, is
recommended for terminals used in directly or low impedance earthed networks.

A criterion based on delta current and delta voltage measurements can be added to the

FUSE function in order to detect a three phase fuse failure, which in practice is more
associated with voltage transformer switching during station operations.

Functionality

Zero sequence

The current and voltage measuring elementswithin one of the built-in digital signal pro-
cessors continuously measure the currents and voltagesin all three phases and calcu-
late:

» The zero-sequence current 3:10
» The zero-sequence voltage 3-UO

comparing them with their respective set values 310< and 3U0>.
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Fourier’ srecursive filter filters the current and voltage signals, and a separate trip
counter prevents high overreaching of the measuring elements. The signal STZERO is
setto 1, if the zero sequence measured voltage exceedsits set value 3UO> and if the zero
seguence measured current does not exceed its pre-set value 310<.



Fuse failure supervision (FUSE) Chapter 8
Secondary system supervision

FUSE - FUSE FAILURE SUPERVISION FUNCTION
-

STORE3PH iﬂi L Store in non volatile

From non volatile 1.All voltages (FUSE-STORE3PH)
memory are low

- '/ij& >1

FUSE-VTF3PH

I

I

I

I

I

I

|

0: All voltages |
are high i_ I
I

I

I

I

I

I

I

STULIN (Reset Latch)

i

i

i

i

i

i

i

i

|

! 51 1:Fuse failure for
[ STUL2N = more than 5 s
|
i
i
i
i
i
i
i
|
i
i

i

STULS3N

1:Fuse Failure L 5
Detection S

21

STZERO

:
%\L

& r FUSE-VTSU:
(Set Latch) 2] ————

/ t
1:Function Enable i:i
Dead-Line

200 ms Block

o L

FUSE-DLCND FUSE-VTSZ

|FUSE-MCB & !
| |
IFUSE-DISC & '
| |
IFUSE-BLOCK |
|
|
|
|

| TEST
I

| [TEST-ACTIVE i
| {BlockFUSE= Yes N1 !

99000500.vsd

Figure 170: Simplified logic diagram for fuse failure supervisione function, zero se-
quence based
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du/dt, di/dt

The current and voltage measuring elementswithin one of the built-in digital signal pro-
cessors continuously measure the currents and voltages in all three phases and calcu-
late:

* The change of current Al/At
« The change of voltage AU/At

comparing them with their respective set values Al< and AU>.

The delta current and delta voltage algorithm, detects afuse failure if a sufficient neg-
ative change in voltage amplitude without a sufficient change in current amplitudeis
detected in each phase separately. This check is performed if the circuit breaker is
closed. Information about the circuit breaker position is brought to the function input
CBCLOSED through a binary input of the terminal.

Thesignal STDUDI isset to 1, if the measured voltage change exceeds its set value
DU> and if the measured current change does not exceed its pre-set value DI<. If the
voltageislow in any phase (STUL 1N, STUL2N or STUL3N=1), the STDUDI signal
issededin.

FUSE - FUSE FAILURE SUPERVISION FUNCTION
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Figure 171: Simplified logic diagram for fuse failure supervision function, du/dt based.
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Logic

Signals STUL 1N, STUL2N and STUL3N arerelated to phase to earth voltages and be-
come 1 when the respective phasevoltageislower than the set value. The set value (U<)
ischosen in the dead line detection function, that isalways present in the termina when
the fuse failure supervision is present.

The fuse failure supervision function is disabled (blocked) if:

* Theterminal isin TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockFUSE=Y es)

* Theinput signal FUSE-BLOCK ishigh

The FUSE-BLOCK signal isageneral purpose blocking signal of the fuse failure su-
pervision function. It can be connected to a binary input of the terminal in order to re-
ceive a block command from external devices or can be software connected to other
internal functions of the terminal itself in order to receive ablock command from inter-
nal functions. Through OR gate it can be connected to both binary inputs and internal
function outputs.

Function input signal FUSE-MCB isto be connected viaaterminal binary input to the
N.C. auxiliary contact of the miniature circuit breaker protecting the VT secondary cir-
cuit.

Function input signal FUSE-DISC isto be connected viaaterminal binary input to the
N.C. auxiliary contact of the line disconnector.

The function output FUSE-VTSU can be used for blocking the voltage related measur-
ing functions (undervoltage protection, synchrocheck etc.) except for the impedance
protection.

Function output FUSE-VTSZ can be used for blocking the impedance protection func-
tion.

The FUSE-MCB signal setsthe output signals FUSE-VTSU and FUSE-VTSZ in order

to block all the voltage related functions when the MCB is open. The additional drop-

off timer of 150 ms prolongs the presence of FUSE-MCB signal to prevent the unwant-
ed operation of voltage dependent function due to non simultaneous closing of themain
contacts of the miniature circuit breaker.

The FUSE-DISC signal setsthe output signal FUSE-VTSU in order to block thevoltage

related functions when the line disconnector is open. The impedance protection func-
tion is not affected by the position of the line disconnector.
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Thefunctioninput signal FUSE-DLCND isrelated to the dead line condition detection.
It has to be connected to the output signal of the dead line condition function DLD-
STPH (dead phase condition detected). This signal is activated from the dead line con-
dition function when the voltage and the current in at least one phase are below their
respective setting values. It preventsthe blocking of the impedance protection by afuse
failure detection during dead line condition (that occurs also during single pole auto-
reclosing). The 200 ms drop-off timer prolongs the dead line condition after the line-
energization in order to prevent the blocking of the impedance protection for unequal
pole closing.

If afusefailure condition isdetected, thesignal FUSE-VTSU isturned high, andif there
isno dead line condition also FUSE-VTSZ ishigh. If the fuse failure condition remains
for more then five seconds and at |east one of the phases has alow phase to earth volt-
age, then the fuse failure condition is latched.

The output signal FUSE-VTF3PH is high if the fuse failure condition is detected for 5
seconds and all the three measured voltages arelow (STULIN = STUL2N = STUL3N
=1).

Fuse failure condition is unlatched when the normal voltage conditions are restored
(STULIN = STUL2N = STUL3N =0).

Fuse failure condition is stored in the non volatile memory of the terminal. In the new
start-up procedure the terminal checksthe VTF3PH (STORE3PH) value in itsnon vol-
atile memory and establishes the corresponding starting conditions.

Calculations

The operating value for the voltage check functionare set viathe local HMI or PST (Pa-
rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and path in local HMI.

Zero sequence function

The zero sequence voltages and currents always exist due to different non-symmetries
in the primary system and differences in the current and voltage instrument transform-
ers. The minimum value for the operation of the current and voltage measuring ele-
ments must always be set with a safety margin of 10 to 15%, depending on the system
operating conditions.

Pay special attention to the dissymmetry of the measuring quantities when the function
is used on longer untransposed lines, on multi circuit lines and so on.
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Setting of zero sequence voltage 3U0>

Therelay setting value 3UO> isgivenin percentage of the secondary basevoltage value,
U1b, associated to the voltage transformer input U1. If Usgec IS the secondary setting
value of the relay, then the value for 3U0> is given from equation 360.

Us
3U0> = % [100

(Equation 360)

The parameters for the fuse failure supervision function are set viathe local HMI or
PST (Parameter Setting Tool). Refer to the Technical reference manual for setting pa-
rameters and path in local HMI.

Setting of zero sequence current 310<

Therelay setting value 310< isgiven in percentage of the secondary base current value,
I1b, associated to the current transformer input I 1. If Isgec isthe secondary setting val-
ue of the relay, then the value for 310< is given from equation 361.

ISsec
< = ==
310 b 100

(Equation 361)

Setting of voltage change DU>

Therelay setting value DU> isgiven in percentage of the secondary base voltage value,
U1b, associated to the voltage transformer input U1. If Usgec is the secondary setting
value of therelay, the value for DU> is given from equation 362.

us
SEC
> = —
DU Ulb 100

(Equation 362)

The parameters for the fuse failure supervision function are set viathe local HMI or
PST (Parameter Setting Tool). Refer to the Technical reference manual for setting pa-
rameters and path in local HMI.

Setting of current change DI<

Therelay setting value DI< is given in percentage of the secondary base current value,
I1b, associated to the current transformer input 11. If 1sgec isthe secondary setting val-
ue of therelay, the value for DI< is given from equation 363.
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ISSEC
Di< = =2E€ [100

(Equation 363)
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3.1

3.2

Voltage transformer supervision (TCT)

Application

If a capacitor element in a capacitive voltage transformer breaks down, that is the ele-
ment is short circuited or interrupted an unbalance appears. This unbalance occursasa
“false” residual voltage on the capacitive voltage transformer terminals. If the capacitor
element isinterrupted the corresponding phase voltage will be undefined, and if the ca-
pacitor element is short circuited the corresponding phase voltage isincreased. This
“false” voltage change might affect different functions, such as distance protection, un-
der voltage, overvoltage and voltage check for weak infeed logic.

After a settable time delay, the voltage transformer supervision function activates the
TCT_START signal, if theresidual voltage exceeds the set value. Thissignal can be
used as an alarm to the operator that the capacitive voltage transformer is not in agood
condition and/or as ablocking signal for certain relaysthat rely on any phase voltage or
the residual voltage.

Toensurethat thefunction isnot activated while the protected object isout of operation,
itisrequired that at least one of the phase to phase voltages exceeds 80% of nominal
voltage.

Fuse failure supervision is arelated function, but is activated only when a secondary

voltagetotally disappears, i.e. goesto approximately zero. The TCT function can act on
smaller residual voltages.

Functionality

Abbreviations and definitions
Table 16: Abbreviations and definitions

TCT Voltage transformer supervision
ULl Phase L1

UPP Phase-to-phase voltage
STUPP Start phase-to-phase voltage
UR Residual voltage

STUR Start residual voltage
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Description of operation

Algorithm

Thealgorithm of the V oltage transformer supervision functionisrather straightforward.
The phase voltages passafourier filter. The magnitude of phase-to-phase voltage, UPP
ismeasured. An indicator signal STUPP will be issued when the magnitude of phase-
to-phase voltage passesthe set value of nominal phase-to-phase voltage. Seefigure 172
"Phase-to-phase voltage and residual voltage measurement” on page 380.

Residual voltage pass a frequency adjusted fourier filter. The magnitude of residual
voltage, UR ismeasured. Anindicator signal STUR will beissued when the magnitude
of residual voltage passes the set value of residual voltage.

[ TcTuir '
| -

[ TcTue | :

. — Fourier

filter

en01000002.vsd

Figure 172: Phase-to-phase voltage and residual voltage measurement

Logic
Following modules for the TCT are described:

e Startlogic
e Block and VTSU logic

The logic consists of two different functions, one for detection of lower limit phase-to-
phase voltage and one for detection of over limit residual voltage.
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Figure 173: TCT logic

Start logic
The START signal shall be issued when all the conditions below are fulfilled:

* Residua voltage 3U0 passing the set value for residual voltage limit UN>. At |east
one of the phase-to-phase voltage is higher than 80% of the rated voltage phase-to-
phase, seefigure 173 "TCT logic" on page 381.

» Timedelay tDelay has elapsed.

The START signal shall be reset when at least one of the conditions below is fulfilled:

* Residual voltageislower than the set value for residual voltage limit UN>.

» All of the phase-to-phase voltages are lower than 40% of the rated voltage phase to
phase.

Block logic
All binary outputs shall be reset when the input BLOCK or VTSU is set.

Note that the BLOCK or VTSU only blocks outputs. All measuring functions are still
executing. Disabling the input BLOCK or VTSU can trip the TCT instantaneously.

Calculations

There are only two parametersto set for the TCT function: theresidual overvoltage lim-
it, and the time del ay.
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The capacitive voltage transformer is schematically shown in figure 174 "Capacitive
voltage transformer” on page 382, the voltage increase in a phase voltage, after the in-
sulation break-down in one capacitor element, isshowni figure 175 "The residual volt-
age will be equal to the voltage increase in the phase with the broken capacitor
element.” on page 383 and can be calculated as:

1 1 1 1

av (n—1)+1VA_n+1VA= n(n+1)VA:ﬁ

a =~ V'a_va =

\Y

a

(Equation 364)

en01000030.vsd

Figure 174: Capacitive voltage transformer

The corresponding vector diagram isshown in figure 175 "The residual voltage will be
egual to the voltage increase in the phase with the broken capacitor element.” on page
383, where also the residual voltage is shown. Theresidual voltage will be equal to the
voltage increase in the phase with the broken capacitor element.
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VA

residual

Ve Ve

Figure 175: The residual voltage will be equal to the voltage increase in the phase with
the broken capacitor element.

With a security margin of about 15% the suitable setting for the residual overvoltage
limit should be:

UN> = 0.85/n
(Equation 365)
Where:

(n+1) is the total number of capacitor elements in one phase of the capacitive voltage
transformer, having one element feeding the magnetic voltage transformer.

Thetimedelay isset in such away that high speed protective functions, not sensitive to
the residual voltage caused by the insulation break-down of one capacitor element, are
not affected. Sensitive delayed protective functions, that are sensitive to this changein
residual voltage could be blocked by this voltage transformer supervision function.
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Chapter 9 Control

About this chapter
This chapter describes the control functions.
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Synchrocheck (SYN)

Application

Synchrocheck, general

The synchrocheck functionis used for controlled closing of acircuit in an interconnect-
ed network. When used, the function gives an enable signal at satisfied voltage condi-
tions across the breaker to be closed. When there is aparallel circuit established, the
frequency isnormally the same at the two sides of the open breaker. At power swings,
e.g. ater aline fault, an oscillating difference can appear. Across the open breaker,
there can be aphase angle and avoltage amplitude difference due to voltage drop across
the paralle circuit or circuits. The synchro-check function measures the difference be-
tween the U-line and the U-bus, regarding voltage (UDiff), phase angle (PhaseDiff),
and frequency (FregDiff). It operates and permits closing of the circuit breaker when
the following conditions are simultaneously fulfilled:

» Thevoltages U-line and U-bus are higher than the set value for UHigh of the base
voltage Ulb.

» Thedifferencesin the voltage and phase angles are smaller than the set values of
UDiff and PhaseDiff.

* Thedifferenceinfrequency islessthan the set value of FregDiff. The busfrequency
must also be within arange of +/-5 Hz from the rated frequency.

Note!

Phase-phase voltage (110 V or 220 V) can not be connected directly to an individual
input voltage transformer. The individual transformer is designed for phase-neutral
voltage (U, = 63.5Vor U.=127 V).

The function can be used as a condition to be fulfilled before the breaker is closed at
manual closing and/or together with the auto-recloser function.
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SYN 1
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Figure 176: Synchrocheck.

Synchrocheck, single circuit breaker

Thevoltage circuits are arranged differently depending on the number of synchrocheck
functions that are included in the terminal.

In terminals intended for one bay the U-line voltage reference phase is selected on the
human-machine interface (HM1). The reference voltage can be phase-neutral L1, L2,
L3 or phase-phase voltage L1-L2, L2-L. 3, L3-L 1. The U-bus voltage must then be con-
nected to the same phase or phases as are chosen on the HMI. Figure 177 shows the
voltage connection.

In terminalsintended for severa bays, al voltage inputs are single phase circuits. The
voltage can be selected for single phase or phase-to-phase measurement on the HMI.
All voltage inputs must be connected to the same phase or phases.

The circuit breaker can be closed when the conditions for FreqDiff, PhaseDiff, and
UDiff are fulfilled with the UHigh condition.
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Figure 177: Connection of the synchrocheck function for one bay.

Energizing check, general

The energizing check is made when a disconnected line is to be connected to an ener-
gized section of anetwork, see figure 178. The check can also be set to allow energiza-
tion of the busbar or in both directions.

Sl cie [ S
S

UHigh>70-100%Ub
ULow<10-80%Ub

99000071.vsd
Figure 178: Principle for energizing check.

An energizing can occur, depending on:

» theset direction of the energizing function
» theset limit for energized (live - UHigh) condition
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» theset limit for non-energized (dead - Ulow) condition

The equipment is considered energized if the voltage is above the set value UHigh (e.g.
80% of the base voltage), and non-energizedif it isbelow the set value, UL ow (e.g. 30%
of the base voltage). The user can set the UHigh condition between 70-100% U1b and
the ULow condition between 10-80% U1b.

A disconnected line can have a considerable potential due to, for instance, induction
from alinerunning in parallel, or by being fed via the extinguishing capacitors in the
circuit breakers. This voltage can be as high as 30% or more of the rated voltage of the
line.

The energizing operation can be set to operate in either direction over the circuit break-
er, or it can be permitted to operate in both directions. Use the AutoEnerg and ManEn-
erg HMI setting to select the energizing operation in:

» Both directions (Both)
» Dead linelive bus (DLLB)
» Deadbusliveline (DBLL)

The voltage check can also be set Off. A closing impulse can be issued to the circuit
breaker if one of the U-line or U-busvoltagesisHigh and the other isLow, that is, when
only one sideis energized. The user can set AutoEnerg and ManEnerg to enable differ-
ent conditions during automatic and manual closing of the circuit breaker.

In the manual mode it is also possible to allow closing when both sides of the breaker
aredead. Thisis done by setting the parameter ManDBDL =“On” and ManEnerg to
“DLLB”,“DBLL" or “Both”.

Voltage selection, single circuit breaker

The voltage selection function is used for the synchrocheck and energizing check func-
tions. When the terminal is used in adouble bus, the voltage that should be selected de-
pends on the status of the breakers and/or disconnectors. By checking the status of the
disconnectors and/or breakers auxiliary contacts, the terminal can select the right volt-
age for the synchrocheck and energizing check functions. Select the type of voltage se-
lection from the synchrocheck, Uselection, SingleBus or DbleBus on the HMI. When
using voltage selection, some extra binary inputs are required.

The configuration of internal signal inputs and outputs may be different for different

busbar systems, and the actual configuration for the substation must be done during en-
gineering of the terminal.
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Voltage connection for a single bus and single bay
Bus 1 Bay 1
SYNCH.CHECK |VOLT SELECTION /0 BI
SYN1 ':
|
U-Bus ———— U5 |
|
|
U-Line ——  ULx
[
[
SYN1-UBLOK/FF |« tUYSEUBL 10| | 'E_Llj_gg'tif_l_J | i)
SYNL-VTSU |eFUSEFL 1l____|FUSEFL __ | [

en01000106.vsd
Figure 179: Voltage connection in a single busbar arrangement.

Single bus is selected on the HMI. Figure 179 shows the principle for the connection
arrangement. One terminal unit is used for one bay. For the synchrocheck (SYN1) and
energizing check function, there is one voltage transformer at each side of the circuit
breaker. The voltage transformer circuit connections are straight forward, no special
voltage selection is needed.

For the synchrocheck and energizing check, the voltage from Bus 1 (U-Bus 1) is con-
nected to the single phase anal ogue input (U5) on the terminal unit.

The line voltage (U-line 1) is connected as a three-phase voltage to the analog inputs
UL1, UL2, UL3 (ULX).

Fuse failure and Voltage OK signals, single bus and single bay

The externa fuse-failure signals or signals from atripped fuse switch/MCB are con-
nected to binary inputs that are configured to inputs of the synchrocheck functionsin
theterminal. There are two alternative connection possibilities. Inputs named OK must
be supplied if the voltage circuit is healthy. Inputs named FF must be supplied if the
voltage circuit is faulty.

The SYN1-UB1OK and SYN1-UB1FF inputs are related to the busbar voltage. Config-
ure them to the binary inputs that indicate the status of the external fuse failure of the
busbar voltage. The SYN1-VTSU input is related to the line voltage.

Theuser can usethe FUSE-V TSU signal from the built-in optional fuse-failurefunction
as an alternative to the external fuse-failure signals.
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In case of afusefailure, the energizing check (dead line-check) isblocked viatheinputs
(SYN1-UB1OK/FF or SYN1-VTSU).

Voltage selection for a double bus and single bay

Bus 1 Bay 1
Bus 2

SYNCH.CHECK |VOLT SELECTION 1/0 BI Al

SYN1
U-Bus ~— US
) B

U-Line b————— ULx
SYN1-CB1OPEN/CLD |«—CEL Bl ___ ]
SYN1-CB20PEN/CLD l«—~CE2 .
SYNL1-UBIOK/FF |« FUSEUBL | |0 _(1cB2 1 L4 1
SYN1-UB20K/FF [« USEUB2 Lo
SYN1-VTSU |« FUSEFL | _ __|FUSEUBL _ | !
FUSEUB2
e |- — — — | EE2EYPe
I R FUSEF1_ _ _ _

U-Line 1

en01000105.vsd
Figure 180: Voltage selection in a double bus arrangement.

Select DbleBus on the HMI._Figure 180 shows the principle for the connection arrange-
ment. One terminal is used for one bay. For the synchrocheck (SYNZ1) and energizing

check function, the voltages on the two busbars are selected by the voltage selectionin
theterminal unit. The busvoltagefrom Bus 1 isfed to the U5 anal og single-phase input,
and the busvoltage from Bus 2 isfed to the U4 analog single-phaseinput. Thelinevolt-
age transformers are connected as a three-phase voltage UL 1, UL2, UL 3 (ULX) to the
input U-line 1.

The selection of the bus voltage is made by checking the position of the disconnectors
auxiliary contacts connected via binary inputs of the voltage selection logic inputs,
SYN1-CB1OPEN (Disconnector section 1 open), SYN1-CB1CLD (Disconnector sec-
tion 1 closed) and SYN1-CB20PEN (Disconnector section 2 open), SYN1-CB2CLD
(Disconnector section 2 closed).

Fuse failure and Voltage OK signals, double bus and single bay

The external fuse-failure signals or signals from atripped fuse switch/MCB are con-
nected to binary inputs configured to inputs of the synchro-check functionsin the ter-
minal. There are two alternative connection possibilities. Inputs named OK must be
supplied if the voltage circuit is healthy. Inputs named FF must be supplied if the volt-
agecircuit isfaulty.
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The SYN1-UB1(2)OK and SYN1-UB1(2)FF inputs are related to each busbar voltage.
The SYN1-VTSU input isrelated to the line voltage. Configure them to the binary in-
putsthat indicate the status of the external fuse failure of the busbar respectively theline
voltage. Only the fuse failure of a selected voltage causes a blocking of the relevant en-
ergizing check unit.

The user can usethe FUSE-VTSU signal from the built-in optional selectable fuse-fail-
ure function as an alternative to the external fuse-failure signals.

In case of afusefailure, the energizing check (dead line-check) isblocked viatheinputs
(SYN1-UB1OK/FF, SYN1-UB20OK/FF or SYN1-VTSU).

Synchrocheck, double circuit breaker

Thevoltage circuits are arranged differently depending on the number of synchrocheck
functions that are included in the terminal.

In terminals intended for one bay the U-line voltage reference phase is selected on the
human-machine interface (HMI). The reference voltage can be phase-neutral L1, L2,
L3 or phase-phase L1-L2, L2-L 3, L3-L 1. The U-bus voltage must then be connected to
the same phase or phases as are chosen on the HMI. Figure 181 shows the voltage con-
nection.

In terminals intended for several bays, all voltage inputs are single phase circuits. The
voltage can be selected for phase-neutral or phase-to-phase measurement on the HMI.
All voltage inputs must be connected to the same phase or phases.

The circuit breaker can be closed when the conditions for FregDiff, PhaseDiff, and
UDiff are fulfilled with the UHigh condition.
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Figure 181: Connection of the synchrocheck function for one bay.
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Voltage connection, double circuitbreaker and single bay
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SYNL |
U-Bus ———— U5 :
|
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Figure 182: Voltage connection in a double breaker arrangement.

The principle for the connection arrangement is shown in figure 182. One terminal is
used for the two circuit breakersin one bay. There is one voltage transformer at each
side of the circuit breaker, and the voltage transformer circuit connections are straight-
forward, without any special voltage selection.

For the synchrocheck and energizing check, the voltage from Bus 1 (U-bus 1) is con-
nected to the single-phase analog input (U5) on the termina and the voltage from Bus
2 (U-bus 2) is connected to the single-phase ana og input (U4).

Theline voltage transformers are connected as athree-phase voltage to the analoguein-
putsUL1, UL2, UL3 (ULX).

The synchronism condition is set on the HMI of the terminal, and the voltageis taken
from Bus 1 and the Line or from Bus 2 and the Line (U-line 1). This means that thetwo
synchrocheck units are operating without any special voltage selection, but with the
same line (U-line 1) voltage.
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The configuration of internal signals, inputs, and outputs may be different for different
busbar systems, and the actual configuration for the substation must be done during en-
gineering of the terminal.

Fuse failure and Voltage OK signals, double circuit breaker and single bay

The external fuse-failure signals or signals from atripped fuse switch/MCB are con-
nected to binary inputs configured to inputs of the synchro-check functionsin the ter-
minal. There are two alternative connection possibilities. Inputs named OK must be
supplied if the voltage circuit is healthy. Inputs named FF must be supplied if the volt-
agecircuit isfaulty.

The SYN1(2)-UB1OK and SYN1(2)-UB1FF inputs are related to the busbar voltage.
Configure them to the binary inputs that indicate the status of the external fuse failure
of the busbar voltage. The SYN1(2)-VTSU input isrelated to the line voltage from each
line.

The user can use the FUSE-VTSU signal from the built-in optional selectable fuse-fail-
ure function as an alternative to the external fuse-failure signals.

In case of afusefailure, the energizing check (dead line check) isblocked viatheinputs
(SYN1(2)-UB1OK/FF or SYN1(2)-VTSU).

Phasing, general

The phasing function isused to close acircuit breaker when two asynchronous systems
are going to be connected. The breaker close command is issued at the optimum time
when conditions across the breaker are satisfied in order to avoid stress on the network
and its components.

The systemsare defined to be asynchronous when thefrequency difference between bus
and lineislarger than an adjustable parameter. If the frequency difference is less than
this threshold value the system is defined to have a parallel circuit and the synchro-
check function is used.

The phasing function measures the difference between the U-line and the U-bus. It op-
erates and enables a closing command to the circuit breaker when the cal cul ated closing
angleis equal to the measured phase angle and the following conditions are simulta-
neously fulfilled:

» The voltages U-line and U-bus are higher than the set value for UHigh of the base
voltage U1b.

» Thedifference in the voltage is smaller than the set value of UDiff.
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« Thedifferencein frequency isless than the set value of FregDiffSynch and larger
than the set value of FregDiff. If the frequency isless than FregDiff the synchro-
check is used. The bus and line frequencies must also be within arange of +/-5 Hz
from the rated frequency.

» Thefreguency rate of change s less than 0.21 Hz/s for both U-bus and U-line.
e Theclosing angleisless than approx. 60 degrees.

The phasing function compensates for measured slip frequency as well as the circuit

breaker closing delay. The phase advance is calculated continuously by the following
formula:

Closing angle= 360° . Meas. freq. diff. . tBreaker

(Equation 366)
Closing angle is the change in angle during breaker closing operate time.

SYN 1
UHigh>70-100% Ur
UDiff<5-60% Ur ;
FreqDiffSynch<50-500mHz M
|dFbus/dt],|dFline/dt|<0.21Hz/s Line
Fbus,Fline=F ¢ / U-Line @ b reference
PhaseDiff<60° Fuse fail voltage

\j
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Figure 183: Phasing.

Phasing, single circuit breaker
The reference voltage can be phase-neutral L1, L2, L3 or phase-phase L1-L.2, L2-L3,

L3-L1. The U-bus voltage must then be connected to the same phase or phases as are
chosen on the HMI. Figure 184 shows the voltage connection.
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Figure 184: Connection of the phasing and synchrocheck function for one bay.

Voltage selection, single circuit breaker

The voltage selection function is used for the phasing and synchronism (SY N1) and en-
ergizing check functions. When the terminal is used in a double bus, the voltage that
should be selected depends on the positions of the breakers and/or disconnectors. By
checking the position of the disconnectors and/or breakers auxiliary contacts, the termi-
nal can select the right voltage for the synchronism and energizing function. Select the
type of voltage sel ection from the Synchro-check, Uselection, SingleBus or DbleBuson
the HMI.

The configuration of internal signal inputs and outputs may be different for different

busbar systems, and the actual configuration for the substation must be done during en-
gineering of the terminal.
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Voltage selection for a single bus and single bay

Bus 1 Bay 1
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|
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Figure 185: Voltage connection in a single busbar arrangement.

Single bus is selected on the HMI. Figure 185 shows the principle for the connection
arrangement. For the phasing, synchrocheck (SY N1) and energizing check function,
there is one voltage transformer at each side of the circuit breaker. The voltage trans-
former circuit connections are straight forward, no special voltage selection is needed.

For the phasing, synchrocheck and energizing check, the voltage from Bus 1 (U-Bus 1)
is connected to the single phase analog input (U5) on the terminal.

The line voltage (U-line 1) is connected as a three-phase voltage to the analog inputs
UL1, UL2, UL3 (ULX).

Fuse failure and Voltage OK signals, single bus and single bay

The externa fuse-failure signals or signals from atripped fuse switch/MCB are con-
nected to binary inputs configured to inputs of the synchrocheck functionsin the termi-
nal. There are two aternative connection possibilities. Inputs named OK must be
supplied if the voltage circuit is healthy. Inputs named FF must be supplied if the volt-
age circuit isfaulty.

The SYN1-UB1OK and SYN1-UB1FF inputs are related to the busbar voltage. Config-
ure them to the binary inputs that indicate the status of the external fuse failure of the
busbar voltage. The SYN1-VTSU input is related to the line voltage.

Theuser can usethe FUSE-V TSU signal from the built-in optional fuse-failurefunction
as an aternative to the external fuse-failure signals.
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In case of afusefailure, the energizing check (dead line check) is blocked viatheinputs
(SYN1-UB1OK/FF or SYN1-VTSU).

Voltage selection for a double bus and single bay
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Figure 186: Voltage selection in a double bus arrangement.

Select DbleBus on the HMI. Figure 186 shows the principle for the connection arrange-
ment. For the phasing and synchrocheck (SYN1) and energizing check function, the
voltages on the two busbars are selected by the voltage selection in the terminal unit.
The bus voltage from Bus 1 isfed to the U5 analog single-phase input, and the bus volt-
agefrom Bus 2 isfed to the U4 anal og single-phaseinput. Theline voltagetransformers
are connected as a three-phase voltage UL 1, UL 2, UL3 (ULX) to the input U-line 1.

The selection of the bus voltage is made by checking the position of the disconnectors
auxiliary contacts connected via binary inputs of the voltage selection logic inputs,
SYN1-CB1OPEN (Disconnector section 1 open), SYN1-CB1CLD (Disconnector
section 1 closed) and SY N1-CB20OPEN (Disconnector section 2 open), SY N1-
CB2CLD (Disconnector section 2 closed).

Fuse failure and Voltage OK signals, double bus and single bay

The external fuse-failure signals or signals from atripped fuse switch/MCB are con-
nected to binary inputs configured to inputs of the synchro-check functionsin the ter-
minal. There are two alternative connection possibilities. Inputs named OK must be
supplied if the voltage circuit is healthy. Inputs named FF must be supplied if the volt-
agecircuit isfaulty.
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The SYN1-UB1(2)OK and SYN1-UB1(2)FF inputs are related to each busbar voltage.
The SYN1-VTSU input isrelated to each line voltage. Configure them to the binary in-
putsthat indicate the status of the external fuse failure of the busbar respectively theline
voltage. Only the fuse failure of a selected voltage causes a blocking of the relevant en-
ergizing check unit.

The user can usethe FUSE-VTSU signal from the built-in optional selectable fuse-fail-
ure function as an alternative to the external fuse-failure signals.

In case of afusefailure, the energizing check (dead line check) isblocked viatheinputs
(SYN1-UB1OK/FF, SYN1-UB20OK/FF or SYN1-VTSU).

Phasing, double circuit breaker

The reference voltage can be phase-neutral L1, L2, L3 or phase-phase L1-L2, L2-L3,

L3-L1. The U-bus voltage must then be connected to the same phase or phases as are

chosen on the HMI. Figure 187 " Connection of the phasing and synchrocheck function
for one bay." on page 400 shows the voltage connection.

HMI
Setting
SYNL fi11213 Ul lue
AJ | {112,123 | ¢ u2
L31 lUL2 )
SYN1 U3 uL3 U-Line
AUTOOK | Pavi)
- UN
SYN1
MANOK |, | o v
SYN1
AD
CLOSECB|, |dF/dt HMI Y U-Bus 2
- . ua  fun |
SYN2 Setting
L1,L2,L3
Al F—L12,L23 99000092.vsd
SYN2 L31
AUTOOK |, | ap
SYN2
MANOK |
~ N
SYN2
CLOSECB <« dF/dt

Figure 187: Connection of the phasing and synchrocheck function for one bay.
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Voltage connection, double circuit breaker and single bay

SYNCH.CHECK | VOLT SELECTION /0 BI
SYNL
U-Bus ————— U5
U-Line —— ULX
SYN1_UBLOK/FF |«FYSEUBL
SYNL VTSU [«FUSEFL
SYN2
U-Bus ————««—— U4
U-Line - ULX ULX Mw_@
] I
SYN2_UBLOK/FF |« TYSEUB2 | i)
SYN2_ VTSU |«FUSEFL | —__ | FUSEFL ___ |
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Figure 188: Voltage connection in a double breaker arrangement.

The principlefor the connection arrangement is shown infigure 188. One terminal unit
isused for the two circuit breakersin one bay. Thereisone voltage transformer at each
side of the circuit breaker, and the voltage transformer circuit connections are straight
forward, without any special voltage selection. For the synchrocheck and energizing
check, the voltage from Bus 1 (U-bus 1) is connected to the single-phase analog input
(U5) on the terminal and the voltage from Bus 2 (U-bus 2) is connected to the single-
phase analog input (U4).

The line voltage transformers are connected as a three-phase voltage to the analog in-
putsUL1, UL2, UL3 (ULX).

The synchronism condition is set on the HMI of theterminal unit, and the voltageistak-
en from Bus 1 and the Line or from Bus 2 and the Line (U-line 1). This means that the
two synchrocheck units are operating without any special voltage selection, but with the
same line (U-line 1) voltage.

The configuration of internal signals, inputs, and outputs may be different for different

busbar systems, and the actual configuration for the substation must be done during en-
gineering of the terminal.
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Fuse failure and Voltage OK signals, double circuit breaker and single bay

The externa fuse-failure signals or signals from atripped fuse switch/MCB are con-
nected to binary inputs configured to inputs of the synchro-check functionsin the ter-
minal. There are two aternative connection possibilities. Inputs named OK must be
supplied if the voltage circuit is healthy. Inputs named FF must be supplied if the volt-
age circuit isfaulty.

The SYN1(2)-UB1OK and SYN1(2)-UB1FF inputs are related to the bushar voltage.
Configure them to the binary inputs that indicate the status of the external fuse failure
of the busbar voltage. The SYN1(2)-VTSU input isrelated to theline voltage from each
line.

The user can use the FUSE-VTSU signal from the built-in optional selectable fuse-fail-
ure function as an alternative to the external fuse-failure signals.

In case of afusefailure, the energizing check (dead line- check) isblocked viatheinput
(SYN1(2)-UB1OK/FF or SYN1(2)-VTSU).
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Single circuit breaker

Connectable inputs

SYNXx x=1,20r3

General Block E—

From fuse failure

detection, line side ————»{

(external or internal)
E—

From fuse failure

detection bus side

SYNx-BLOCK

SYNx-VTSU

SYNx-UB1/2FF

SYNx-UB1/20K

FregDiff < 50-300 mHz
PhaseDiff< 5-75 deg
UDiff <5-60 %
UHigh>70-100 %
ULow < 10-80 %

SYNx-AUTO

SYNx-MANOK

SYNx-UDIFF

SYNx-FRDIFF

SYNx-PHDIFF

Connectable
outputs

Figure 189: Input and output signals.

Synchrocheck

Description of input and output signals for the synchrocheck function.
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Input signals

SYNx-BLOCK

SYNx-VTSU

SYNx-UB1FF

SYNx-UB1OK

SYNx-UB2FF

SYNx-UB20OK

Output signals

SYNx-AUTOOK

SYNx-MANOK

SYNx-UDIFF
SYNx-FRDIFF

SYNx-PHDIFF

Description

General block input from any external condition, that should block the
synchrocheck.

The synchrocheck function cooperates with the FUSE-VTSU con-
nected signal, which is the built-in optional fuse failure detection. It can
also be connected to external condition for fuse failure. This is a block-
ing condition for the energizing function.

External fuse failure input from busbar voltage Bus 1 (U5). This signal
can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of a fuse failure the energizing check is
blocked.

No external voltage fuse failure (U5). Inverted signal.

External fuse failure input from busbar voltage Bus 2 (U4). This signal
can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of a fuse failure the energizing check is
blocked.

No external voltage fuse failure (U4). Inverted signal.

Description

Synchrocheck/energizing OK. The output signal is high when the syn-
chrocheck conditions set on the HMI are fulfilled. It can also include the
energizing condition, if selected. The signal can be used to release the
auto-recloser before closing attempt of the circuit breaker. It can also
be used as a free signal.

Same as above but with alternative settings of the direction for energiz-
ing to be used during manual closing of the circuit breaker.

Difference in voltage is less than the set difference limit.
Difference in frequency is less than the set difference limit.

Difference in phase angle is less than the set difference limit.
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Figure 190: Simplified logic diagram - Synchrocheck and energizing check. The inter-
nal signal UENERG1OK refers to the voltage selection logic.
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Voltage selection
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Figure 191: Voltage selection logic in a double bus, single breaker arrangement. In
case of three bay arrangement the 1 in SYN1 and UENERGI1OK are re-
placed by 2 and 3 in the logic.

Description of the input and output signals shown in the above simplified logic dia-
grams for voltage selection:

Input signal

SYNx-CB1OPEN

SYNx-CB1CLD

SYNx-CB20OPEN
SYNx-CB2CLD
SYNx-UB1FF

Description

Disconnector section of Bay x open. Connected to the auxiliary con-
tacts of a disconnector section in a double-bus, single- breaker
arrangement, to inform the voltage selection about the positions.

Disconnector section of Bay x closed. Connected to the auxiliary con-
tacts of a disconnector section in a double-bus, single-breaker
arrangement to inform the voltage selection about the positions.

Same as above but for disconnector section 2.
Same as above but for disconnector section 2.

External fuse failure input from busbar voltage Bus 1 (U5). This signal
can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of a fuse failure, the energizing check
is blocked.
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Input signal Description
SYNx-UB1OK No external voltage fuse failure (U5). Inverted signal.
SYNx-UB2FF External fuse failure input from busbar voltage Bus 2 (U4). This signal

can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of fuse failure, the energizing check is

blocked.
SYNx-UB20OK No external voltage fuse failure (U4). Inverted signal.
SYNx-VTSU Internal fuse failure detection or configured to a binary input indicating

external fuse failure of the UL1, UL2, UL3 line-side voltage. Blocks the
energizing function.

Output signals  Description
SYNx-VSUB1 Signal for indication of voltage selection from Bus 1 voltage.

SYNx-VSUB2 Signal for indication of voltage selection from Bus 1 voltage.
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Double circuit breaker

Connectable inputs

SYNXx x=1,2,30r4

General Block e
From fuse failure

detection, line side ———
(external or internal)

From fuse failure
detection bus side

SYNx-BLOCK
SYNx-VTSU
SYNx-UB1FF

SYNx-UB1OK

FreqgDiff < 50-300 mHz
PhaseDiff< 5-75 deg
UDiff <5-60 %
UHigh>70-100 %
ULow < 10-80 %

SYNx-AUTO

SYNx-MANOK
SYNx-UDIFF

SYNx-FRDIFF

SYNx-PHDIFF

Connectable
outputs

I

-

>

-

Figure 192: Input and output signals.

Synchrocheck

Description of input and output signals for the synchrocheck function.

Input signals

SYNx-BLOCK

Description

synchrocheck.

en01000117.vsd

General block input from any external condition, that should block the



Synchrocheck (SYN) Chapter 9

Control

Input signals

SYNx-VTSU

SYNx-UB1FF

SYNx-UB1OK

Output signals
SYNx-AUTOOK

SYNx-MANOK

SYNx-UDIFF
SYNx-FRDIFF
SYNx-PHDIFF

Description

The synchrocheck function cooperates with the FUSE-VTSU connected
signal, which is the built-in optional fuse failure detection. It can also be
connected to external condition for fuse failure. This is a blocking condi-
tion for the energizing function.

External fuse failure input from busbar voltage Bus 1 (U5). This signal
can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of a fuse failure the energizing check is
blocked.

No external voltage fuse failure (U5). Inverted signal.

Description

Synchrocheck/energizing OK. The output signal is high when the syn-
chrocheck conditions set on the HMI are fulfilled. It can also include the
energizing condition, if selected. The signal can be used to release the
auto-recloser before closing attempt of the circuit breaker. It can also be
used as a free signal.

Same as above but with alternative settings of the direction for energiz-
ing to be used during manual closing of the circuit breaker.

Difference in voltage is less than the set difference limit.
Difference in frequency is less than the set difference limit.

Difference in phase angle is less than the set difference limit.
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Figure 193: Simplified logic diagram - Synchrocheck and energizing check for one cir-
cuit breaker. The internal signal UENERG1OK derives from the external
or internal fuse failure inputs SYNI-UBIOK/FF and SYNI-VTSU.

Phasing and synchrocheck, single circuit breaker

Connectable
inputs

Initiate Phasing
operation

General Block

From fuse failure
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FregDiffSynch < 50-500 mHz
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UHigh > 70-100 %
UDiff < 5-60 %
PhaseDiff < 60 deg

SYN1-CLOSECB
SYN1-INPROGR

Phasing and synchrocheck

SYN1-BLOCK SYN1-TESTCB

Synchrocheck
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FreqgDiff < 50-300 mHz
PhaseDiff < 5-75 deg
UDiff < 5-60 %
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ULow < 10-80 %

SYN1-VTSU SYN1-AUTOOK
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SYN1-UDIFF
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SYN1-PHDIFF

Connectable
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I
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Figure 194: Input and output signals.

Phasing and synchrocheck

en01000120.vsd

Description of input and output signals for the phasing and synchrocheck function.
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Input signals Description

SYN1-BLOCK General block input from any external condition, that should block the
phasing and the synchrocheck.

SYN1-VTSU The SYNC function cooperates with the FUSE-VTSU connected signal,
which is the built-in optional fuse failure detection. It can also be con-
nected to external condition for fuse failure. This is a blocking condition
for the energizing function

SYN1-START The signal initiates the phasing operation. When initiated the function

continues until the SYN1-CLOSECB pulse is submitted or it is stopped by
the SYN1-BLOCK signal. In test mode (SYN1-TESTCB) ends the phas-
ing operation.

Output signals

Description

SYN1-TESTCB

Output when the function is in test mode. In test mode a complete
phasing sequence is performed except for closing of the circuit
breaker. The output signal SYN1-TESTCB indicates when the SYN1-
CLOSECB signal would have been submitted from the phasing func-
tion or when the conditions for paralleling are fulfilled, from the syn-
chro-check function

SYN1-CLOSECB

Close breaker command from phasing. Used to the circuit breaker or to
be connected to the auto-reclosing function.

SYN1-INPROGR

The signal is high when a phasing operation is in progress, i.e from the
moment a SYN1-START is received until the operation is terminated.
The operation is teminated when SYN1-CLOSECB or SYN1-TESTCB
has been submitted or if a SYN1-BLOCK is received.

SYN1-AUTOOK

Synchrocheck/energizing OK. The output signal is high when the syn-
chro-check conditions set on the HMI are fulfilled. It can also include
the energizing condition, if selected. The signal can be used to release
the autorecloser before closing attempt of the circuit breaker. It can
also be used as a free signal.

SYN1-MANOK Same as above but with alternative settings of the direction for energiz-
ing to be used during manual closing of the circuit breaker.
SYN1-UDIFF Difference in voltage is less than the set difference limit.
SYN1-FRDIFF Difference in frequency is less than the set difference limit.
SYN1-PHDIFF Difference in phase angle is less than the set difference limit.
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Figure 195: Simplified logic diagram - Phasing. The input signals SYN1-AUTOOK and

SYNI-MANOK derive from the synchrocheck and energizing logic.
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nal signal UENERG 10K refers to the voltage selection logic.

Figure 196: Simplified logic diagram - Synchrocheck and energizing check. The inter-
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Figure 197: Simplified voltage selection logic in a double bus, single breaker arrange-
ment.

Description of the input and output signals shown in the above simplified logic dia-
grams for voltage selection:

Input signal Description

SYN1-CB1OPEN Disconnector section 1 of Bay 1 open. Connected to the auxiliary con
tacts of a disconnector section in a double-bus, single breaker
arrangement, to inform the voltage selection about the positions.

SYN1-CB1CLD Disconnector section 1 of Bay 1 closed. Connected to the auxiliary
contacts of a disconnector section in a double-bus, single breaker
arrangement to inform the voltage selection about the positions.

SYN1-CB20OPEN Same as above but for disconnector section 2.
SYN1-CB2CLD Same as above but for disconnector section 2.
SYN1-UB1FF External fuse failure input from busbar voltage Bus 1 (U5). This signal

can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of a fuse failure, the energizing check
is blocked.

SYN1-UB1OK No external voltage fuse failure (U5). Inverted signal.
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Input signal Description

SYN1-UB2FF External fuse failure input from busbar voltage Bus 2 (U4). This signal
can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of fuse failure, the energizing check

is blocked.
SYN1-UB20OK No external voltage fuse failure (U4). Inverted signal.
SYN1-VTSU Internal fuse failure detection or configured to a binary input indicating

external fuse failure of the UL1, UL2, UL3 line-side voltage. Blocks
the energizing function.

Output signals Description
SYN1-VSUB1 Signal for indication of voltage selection from Bus 1 voltage.
SYN1-VSUB2 Signal for indication of voltage selection from Bus 1 voltage.
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Phasing and synchrocheck, double circuit breaker
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Figure 198: Input and output signals.

Phasing and synchrocheck
Description of input and output signals for the phasing and synchrocheck function.

en01000119.vsd

417



Synchrocheck (SYN) Chapter 9

Control
Input signals Description
SYNx-BLOCK General block input from any external condition, that should block the
phasing and the synchrocheck.
SYNx-VTSU The SYNC function cooperates with the FUSE-VTSU connected sig-

nal, which is the built-in optional fuse failure detection. It can also be
connected to external condition for fuse failure. This is a blocking con-
dition for the energizing function.

SYNx-UB1FF External fuse failure input from busbar voltage Bus 1 (U5). This signal
can come from a tripped fuse switch (MCB) on the secondary side of
the voltage transformer. In case of a fuse failure the energizing check is

blocked.
SYNx-UB1OK No external voltage fuse failure (U5). Inverted signal.
SYNX-START The signal initiates the phasing operation. When initiated the function

continues until the SYNx-CLOSECB pulse is submitted or it is stopped
by the SYNx-BLOCK signal. In test mode SYNx-TESTCB ends the
phasing operation.

Output signals Description

SYNx-TESTCB Output when the function is in test mode. In test mode a complete
phasing sequence is performed except for closing of the circuit
breaker. The output signal SYNx-TESTCB indicates when the SYNXx-
CLOSECSB signal would have been submitted from the phasing func-
tion or when the conditions for paralleling are fulfilled, from the syn-
chro-check function.

SYNx-CLOSECB Close breaker command from phasing. Used to control the circuit
breaker or to be connected to the auto-reclosing function.

SYNx-INPROGR The signal is high when a phasing operation is in progress, i.e from the
moment a SYNX-START is received until the operation is terminated.
The operation is teminated when SYNx-CLOSECB or SYNx-TESTCB
has been submitted or if a SYNx-BLOCK is received.

SYNx-AUTOOK Synchrocheck/energizing OK. The output signal is high when the syn-
chrocheck conditions set on the HMI are fulfilled. It can also include the
energizing condition, if selected. The signal can be used to release the
autorecloser before closing attempt of the circuit breaker. It can also be
used as a free signal.
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Description

—{ SYNI1-INPROGR

|PhaseDiff < 60 deg |—

[ PhaseDiff=closing angle

| SYN1-CLOSECB

SYN1-AUTOOK |}

— SYNI-TESTCB

SYNx-MANOK Same as above but with alternative settings of the direction for energiz-
ing to be used during manual closing of the circuit breaker.

SYNx-UDIFF Difference in voltage is less than the set difference limit.

SYNx-FRDIFF Difference in frequency is less than the set difference limit.

SYNx-PHDIFF Difference in phase angle is less than the set difference limit.
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Figure 199: Simplified logic diagram - Phasing. The input signals SYN1-AUTOOK and
SYNI-MANOK derive from the synchrocheck and energizing logic.
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Figure 200: Simplified logic diagram - Synchrocheck and energizing check for one cir-

cuit breaker. The internal signal UENERG1OK derives from the external
or internal fuse failure inputs SYN1-UB1OK/FF and SYNI-VTSU.
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1.3.1

Calculations

Settings for single circuit breaker

The parametersfor the synchrocheck function are set viathelocal HMI or PST (Param-
eter Setting Tool). Refer to the Technical reference manual for setting parameters and
path in local HMI.

(The number of Synchro Check functions is dependent of the version)
Comments regarding settings.

Operation
Off/Release/On

Off The synchrocheck function is disabled and the output is low.
Release There are fixed, high output signals SYNx-AUTOOK = 1 and SYNx-MANOK = 1.

On The function is in service and the output signal depends on the input conditions.

Input phase

The measuring phase of the UL 1, UL2, UL3 line voltage, which can be of asingle-
phase (phase-neutral) or two-phases (phase-phase). (Only available in terminal sintend-
ed for one bay).

UMeasure

Selection of single-phase (phase-neutral) or two-phase (phase-phase) measure-
ment.(Only available in terminals intended for several bays).

PhaseShift

This setting is used to compensate for a phase shift caused by a line transformer be-
tween the two measurement points for UBus and ULine. The set value is added to the
measured phase difference. The bus voltage is reference voltage.

URatio

The URatio is defined as URatio=UBus/ULine. A typical use of the setting isto com-
pensate for the voltage difference caused if one wishesto connect the UBus phase-
phase and ULine phase-neutral. The “Input phase” -setting should then be set to phase-
phase and the “ URatio” -setting to sqr3=1.732. This setting scales up theline voltage to
equal level with the bus voltage.
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USelection
Selection of single or double bus voltage-selection logic.

AutoEnerg and ManEnerg

Two different settings can be used for automatic and manual closing of the circuit
breaker.

Off The energizing function is disabled

DLLB The line voltage U-line is low, below (10-80% U1b) and the bus voltage U-
bus is high, above (70-100% U1b).

DBLL The bus voltage U-bus is low, below (10-80% U1b) and the line voltage U-line
is high, above (70-100% U1b).
Both Energizing can be done in both directions, DLLB or DBLL.

tAutoEnerg  The required consecutive time of fulfillment of the energizing condition to
achieve SYN1-AUTOOK.

tManEnerg  The required consecutive time of fulfillment of the energizing condition to
achieve SYN1-MANOK.

ManDBDL

If the parameter isset to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnergissetto “DLLB”, “DBLL” or “Both”.

UHigh and ULow

Two different settings, which define an energize condition, UHigh, and anon-energized
condition, ULow, for the line or bus.

FreqDiff, PhaseDiff and UDiff

Threedifferent settingsfor differencesbetween line and busregarding frequency, phase
angle and voltage respectively.

VTConnection

Thissetting defineswhich side, line or bus, that |eave three-phase connection of the VT.
This setting is available only for single breaker arrangement for one bay.

tSync
Operation delay time of the synchrocheck information.
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Settings for double circuit breaker
The parametersfor the synchrocheck function are set viathe local HMI or PST (Param-

eter Setting Tool). Refer to the Technical reference manual for setting parameters and
path in local HMI.
(The number of SynchroCheck settings is dependent of the version)

Comments regarding settings.

Operation
Off/Release/On
Off The synchrocheck function is disabled and the output is low.
Release There are fixed, high output signals SYN1-AUTOOK =1 and SYN1-
MANOK = 1.
On The function is in service and the output signal depends on the input con-
ditions.
Input phase

The measuring phase of the UL 1, UL2, UL3 line voltage, which can be of asingle-
phase (phase-neutral) or two-phases (phase-phase). (Only available in terminal sintend-
ed for one bay).

UMeasure

Selection of single-phase (phase-neutral) or two-phase (phase-phase) measurement.
(Only available in terminasintended for several bays).

PhaseShift

This setting is used to compensate for a phase shift caused by a line transformer be-
tween the two measurement points for UBus and ULine. The set value is added to the
measured phase difference. The bus voltage is reference voltage.

URatio

The URatio is defined as URatio=UBus/ULine. A typical use of the setting isto com-
pensate for the voltage difference caused if one wishesto connect the UBus phase-
phase and ULine phase-neutral. The “Input phase” -setting should then be set to phase-
phase and the “ URatio” -setting to sqr3=1.732. This setting scales up theline voltage to
equal level with the bus voltage.
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AutoEnerg and ManEnerg

Two different settings can be used for automatic and manual closing of the circuit
breaker.

Off The energizing function is disabled.

DLLB The line voltage U-line is low, below (10-80% U1b) and the bus voltage
U-bus is high, above (70-100% U1b).

DBLL The bus voltage U-bus is low, below (10-80% U1b) and the line voltage
U-line is high, above (70-100% U1b).

Both Energizing can be done in both directions, DLLB or DBLL.

tAutoEnerg The required consecutive time of fulfillment of the energizing condition to

achieve SYN1-AUTOOK.

tManEnerg The required consecutive time of fulfillment of the energizing condition to
achieve SYN1-MANOK.

ManDBDL

If the parameter isset to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnergissetto “DLLB”, “DBLL” or “Both”.

UHigh and ULow

Two different settings, which define an energize condition, UHigh, and anon-energized
condition, ULow, for the line or bus.

FreqDiff, PhaseDiff and UDiff

Threedifferent settingsfor differencesbetween line and busregarding frequency, phase
angle and voltage respectively.

tSync
Operation delay time of the synchrocheck information.

Settings for single circuit breaker with phasing

The parameters for the synchrocheck function are set viathe local HMI or PST (Param-
eter Setting Tool). Refer to the Technical reference manual for setting parameters and
pathin local HMI.
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Off The synchrocheck function is disabled and the output is low.
Release There are fixed, high output signals SYN1-AUTOOK =1 and SYN1-MANOK
=1
On The synchro-check function is in service and the output signal depends on
the input conditions.
Input phase

The measuring phase of the UL 1, UL2, UL3 line voltage, which can be of asingle-
phase (phase-neutral) or two-phases (phase-phase).

PhaseShift

This setting is used to compensate for a phase shift caused by a line transformer be-
tween the two measurement points for UBus and ULine. The set value is added to the
measured phase difference. The bus voltage is reference voltage.

URatio

The URatio is defined as URatio=UBus/ULine. A typical use of the setting is to com-
pensate for the voltage difference caused if wished to connect the UBus phase-phase
and UL ine phase-neutral. The “Input phase”-setting should then be set to phase-phase
and the “ URati0” -setting to sqr3=1.732. This setting scales up the line voltage to equal
level with the bus voltage.

USelection
Selection of single or double bus voltage-selection logic.

AutoEnerg and ManEnerg

Two different settings can be used for automatic and manual closing of the circuit
breaker.

Off The energizing condition is not used, only the synchro-check.

DLLB The line voltage U-line is low, below (10-80% U1b) and the bus voltage U-
bus is high, above (70-100% U1b).

DBLL The bus voltage U-bus is low, below (10-80% U1b) and the line voltage U-
line is high, above (70-100% U1b).
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Both Energizing can be done in both directions, DLLB or DBLL.
tAutoEnerg The required consecutive time of fulfilment of the energizing condition to
achieve SYN1-AUTOOK.
tManEnerg The required consecutive time of fulfilment of the energizing condition to

achieve SYN1-MANOK.

ManDBDL

If the parameter isset to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnergissetto “DLLB”, “DBLL” or “Both”.

UHigh and ULow

Two different settings, which define an energize condition, UHigh, and anon-energized
condition, ULow, for the line or bus.

FreqDiff, PhaseDiff and UDiff

Threedifferent settingsfor differencesbetween line and busregarding frequency, phase
angle and voltage respectively.

OperationSync
Off The phasing function is disabled and all outputs are low.
On The phasing function is in service and the output signals depends on the

input conditions.

ShortPulse
Off The closing pulse issued to the circuit breaker will be of length=tPulse.
On The closing pulse issued to the circuit breaker will be of length=one cycle
time in the internal logic.
FregDiffSynch

Setting for frequency difference between line and bus for the phasing function.

tPulse

The length of the breaker closing pulse. See also the setting ShortPulse, which sets the
length to one cycle timer of the internal logic.
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tBreaker
Closing time of the breaker.

VTConnection

This setting defineswhich side, line or bus, that have three-phase connection of theVT.
This setting is available only for single breaker arrangement for one bay.

tSync
Operation delay time of the synchrocheck information.

FreqDiffBlock

The setting can be set ON or OFF. Setting ON enables the phasing function even if the
frequency differenceislower then set value of the setting FregDiff for the synchrocheck
function. Both the phasing function and synchrocheck function will operatein parallel.
When the setting is OFF the phasig function will be blocked if the frequency difference
is lower than the set value of the setting FreqDiff. The synchrocheck function operates
when the value is below the set value and the phasing function starts to operate when
the value is above the set value.

Settings for double circuit breaker with phasing

The parametersfor the synchrocheck function are set viathelocal HMI or PST (Param-
eter Setting Tool). Refer to the Technical reference manual for setting parameters and
path in local HMI.

Operation

Off The function is disabled and the output is low.
Release There are fixed, high output signals SYN1-AUTOOK =1 and SYN1-MANOK = 1.

On The function is in service and the output signal depends on the input conditions.

Input phase

The measuring phase of the UL1, UL2, UL 3 line voltage, which can be of asingle-
phase (phase-neutral) or two-phases (phase-phase).

PhaseShift

This setting is used to compensate for a phase shift caused by a power transformer be-
tween the two measurement points for UBus and ULine. The set valueis added to the
measured phase difference. The bus voltage is reference voltage.
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URatio

The URatio is defined as URatio=UBus/ULine. A typical use of the setting is to com-
pensatefor thevoltagedifferenceif UBusphase-phase and UL ine phase-neutral isused.
The “Input phase”-setting should then be set to phase-phase and the “ URati0” -setting
tosqr3=1.732. This setting scales up the line voltage to equal level with the busvoltage.

AutoEnerg and ManEnerg

Two different settings can be used for automatic and manual closing of the circuit
breaker.

Off The energizing condition is not used only the synchro-check.

DLLB The line voltage U-line is low, below (10-80% U1b) and the bus voltage U-bus
is high, above (70-100% U1b).

DBLL The bus voltage U-bus is low, below (10-80% U1b) and the line voltage U-line
is high, above (70-100% U1b).

Both Energizing can be done in both directions, DLLB or DBLL.

tAutoEnerg The required consecutive time of fulfilment of the energizing condition to
achieve SYN1-AUTOOK.

tManEnerg The required consecutive time of fulfilment of the energizing condition to
achieve SYN1-MANOK.

ManDBDL

If the parameter isset to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnergissetto “DLLB”, “DBLL" or “Both”.

UHigh and ULow

Two different settings, which define an energize condition, UHigh, and anon-energized
condition, ULow, for the line or bus.

FreqDiff, PhaseDiff and UDiff

Threedifferent settingsfor differencesbetween line and busregarding frequency, phase
angle and voltage respectively.

FreqDiffSynch
Setting for frequency difference between line and bus for the phasing function.
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OperationSynch

Off The phasing function is disabled and all outputs are low.

On The phasing function is in service and the output signals depends on the input

conditions.

ShortPulse

Off The closing pulse issued to the circuit breaker will be of length=tPulse.

On The closing pulse issued to the circuit breaker will be of length=one cycle time

in the internal logic.

tPulse

The length of the breaker closing pulse. See a so the setting ShortPulse, which sets the
length to one cycle timer of the internal logic

tBreaker
Closing time of the breaker.

tSync
Operation delay time of the synchrocheck information.

FreqDiffBlock

The setting can be set ON or OFF. Setting ON enables the phasing function even if the
frequency differenceislower then set value of the setting FregDiff for the synchrocheck
function. Both the phasing function and synchrocheck function will operatein parallel.
When the setting is OFF the phasig function will be blocked if the frequency difference
is lower than the set value of the setting FregDiff. The synchrocheck function operates
when the value is below the set value and the phasing function starts to operate when
the value is above the set value.
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Automatic reclosing function (AR)

Application

Automatic reclosing (AR) isawell-established method to restore the service of a power
line after atransient line fault. The majority of line faults are flashover arcs, which are
transient by nature. When the power lineis switched off by operation of line protection
and line breakers, the arc de-ionises and recovers voltage withstand at a somewhat vari-
ablerate. So acertain line dead timeis needed. But then line service can resume by the
auto-reclosing of the line breakers. Select the length of the dead time to enable good
probability of fault arc de-ionisation and successful reclosing.

For the individual line breakers and auto-reclosing equipment, the Auto-reclose open
time (AR open time) expression is used. At simultaneous tripping and reclosing at the
two line ends, Auto-reclose open time equals approximaltely the dead time of the line.
Otherwise these two times may differ.

In case of apermanent fault, the line protection trips again at reclosing to clear thefault.
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Figure 201: Single-shot auto-reclosing at a permanent fault

In abay with one circuit breaker only, aterminal is normally provided with one AR
function.

Single-phase tripping and single-phase reclosing isaway to limit the effect of asingle-
phase line fault to system operation. Especialy at higher voltages, the mgority of line
faultsare of the single-phase type. The method is of particular value to maintain system
stability in systems with limited meshing or parallel routing. It requiresindividua op-
eration of each phase of the breakers, which is common at the higher transmission volt-
ages.

A somewhat longer dead time may be required at single-phase reclosing compared to

high-speed three-phase recl osing, due to influence on thefault arc from voltage and cur-
rent of the non-tripped phases.
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Thereisalso apossibility to trip and reclose two of the circuit breaker poles, in case of
faults when two out of the three phases are involved and parallel lines arein service.
Thistype of faultsisless common compared to single phase to earth faults, but more
common than three phase faults.

In order to maximize the availahility of the power system thereisapossihility to chose
single pole tripping and auto-reclosing at single phase faults, two pole tripping and
auto-reclosing at faultsinvolving two phases and three pole tripping and auto-reclosing
at three phase faults.

During the single pole open timetherewill bean equivalent “ series’-fault in the system.
As a consequence there will be aflow of zero sequence current. Therefor the residual
current protections must be co-ordinated with the single pole tripping and auto-reclos-

ing.

The reclosing function can be selected to perform single-phase, two-phase and/or three-
phase reclosing from six single-shot to multiple-shot reclosing programs. The three-
phase auto-reclose open time can be set to give either high-speed auto-reclosing
(HSAR) or delayed auto-reclosing (DAR). In the reclosing programs the delayed auto-
reclosing (DAR) isaways athree pole trip and reclosing, even if the first high-speed
reclosing isasingle pole action.

Functionality

The AR functionisalogical function built up from logical elements. It operatesin con-
junction with the trip output signals from the line protection functions, the OK to close
output signals from the synchrocheck and energizing check function, and binary input
signals (for circuit breaker position/status, or from other external protection functions).

In the AR logic anumber of parameters can be set to adjust the auto-reclosing function
to the desired requirements. Examples are:

¢ Number of AR attempts
* AR programs
* Open timesfor different AR attempts

AR operation

The mode of operation can be selected by setting the parameter Operation to ON, OFF
or Stand-by. ON activates automatic reclosing. OFF deactivates the auto-recloser.
Stand-by enables On and Off operation viainput signal pulses.
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Start and control of the auto-reclosing

The automatic operation of the auto-reclosing function is controlled by the parameter
Operation and the input signals as described above. When it is on, the AR0O1-SETON
output is high (active). See Function block diagrams.

The auto-reclosing function is activated at a protection trip by the ARO1-START input
signal. At repeated trips, this signal is activated again to make the reclosing program
continue.

There are anumber of conditions for the start to be accepted and a new cycle started.
After these checks, the start signal islatched in and the Started state signal is activated.
It can be interrupted by certain events.

Extended AR open time, shot 1

The purpose of thisfunction isto adapt the length of the AR Open timeto the possibility
of non-simultaneous tripping at the two line ends. If a permissive communication
scheme is used and the permissive communication channel (for example, PLC, power-
line carrier) is out of service at the fault, there isarisk of sequential non-simultaneous
tripping. To ensure a sufficient line dead time, the AR opentimeis extended by 0.4 s.
Theinput signal ARO1-PLCLOST ischecked at tripping. See Function block diagrams.
Select this function (or not) by setting the Extended t1 parameter to On (or Off).

Long trip signal

During normal circumstances, the trip command resets quickly due to fault clearing.
The user can set amaximum trip pulse duration by tTrip. At alonger trip signal, the AR
open dead time is extended by Extend_t1. If the Extended t1 = Off, along trip signal
interrupts the reclosing sequence in the same way as ARO1-INHIBIT.

Reclosing programs

The reclosing programs can be performed with up to maximum four reclosing attempts
(shots), selectable with the NoOfRecl osing parameter. Thefirst program is used at pure
3-phase trips of breakers and the other programs are used at 1-, 2- or 3-phase trips of
breakers.

The three-phase reclosing program can be performed with up to maximum four reclos-
ing attempts (shots), selectable with the NoOfReclosing parameter.

For the example (see Figuresin Function block diagrams and Sequence examples), the
AR function is assumed to be On and Ready. The breaker is closed and the operation
gear ready, manoeuvre spring charged etc.

ARO1-START isreceived and sealed-in at operation of the line protection. The ARO1-
READY output isreset (Ready for anew AR cycle).
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Immediately after the start-up of the reclosing and tripping of the breaker, theinput (see
figure in Function block diagrams) ARO1-CBCLOSED islow (possibly also ARO1-
CBREADY at type OCO). The AR Open-time timer, t1, keeps on running. At the end
of the set AR open-time, the three-phase AR time-out (see figure in Function block di-
agrams) is activated and goes on to the output module for further checks and to give a
closing command to the circuit breaker.

3ph

3-phase reclosing, oneto four attempts (NoOfReclosing parameter). The output ARO1-
P3P isaways high (=1).

A trip operation is made as a three-phase trip at al types of fault. Thereclosing isasa
three-phase reclosing in program 1/2/3ph, described below.

1/2/3ph
1-phase, 2-phase or 3-phase reclosing in the first shot.

For the example, one-shot reclosing for 1-phase, 2-phase or 3-phase, see Figuresin
Function block diagrams. Here, the AR function is assumed to be On and Ready. The
breaker is closed and the operation gear ready (manoeuvre spring charged etc.). Only
the 1-phase and 3-phase cases are described.

ARO1-START isreceived and sealed-in at operation of the line protection. The ARO1-
READY output isreset (Ready for anew AR cycle).

If ARO1-TR2P (2-phase trip) islow and ARO1-TR3P (3-phasetrip) is:

low, the timer for 1-phase reclosing open time t1 1Ph is started and the AR01-1PT1 output
(auto-reclosing 1-phase, shot 1, in progress) is activated. It can be used to suppress
Pole disagreement and Earth-fault protection during the 1-phase open interval.

high, the timer for 3-phase AR open time, t1, is started (instead of t1 1Ph) and AR01-T1 is
set (auto-reclosing 3-phase, shot 1, in progress). While either t1 1Ph or t1 is running,
the output ARO1-INPROGR is activated.

Immediately after the start-up of the reclosing and tripping of the breaker, theinput (see
Function block diagrams) AR01-CBCLOSED islow (possibly aso AR01-CBREADY
at type OCO). The AR Open-time timer, t1 1Ph or t1, keeps on running.
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At the end of the set AR open time, t1 1Ph or t1, the respective SPTO or TPTO (single-
phase or three-phase AR time-out, see Function block diagrams) is activated and goes
on to the output module for further checks and to give a closing command to the circuit
breaker.

At any kind of trip, the operation is as already described, program 1/2/3ph. If the first

reclosing attempt fails, a 3-phase trip will be issued and 3-phase reclosings can follow,
if selected. Maximum three additional attempts can be done (according to the NoOfRe-
closing parameter).

1/2ph
1-phase or 2-phase reclosing in the first shot.

At 1-phase or 2-phase trip, the operation is as in above described example, program 1/
2/3ph. If the first reclosing attempt fails, a 3-phase trip will be issued and 3-phase re-
closings can follow, if selected. Maximum three additional attempts can be done (ac-
cording to the NoOfReclosing parameter).

At 3-phase trip, TR2P low and TR3P high, the AR will be blocked and no reclosing
takes place.

1ph + 1*2ph
1-phase or 2-phase reclosing in the first shot.

At 1-phase trip (TR2P low and TR3P low), the operation is as in above described ex-
ample, program 1/2/3ph. If thefirst reclosing attempt fails, a 3-phasetrip will beissued
and 3-phase reclosings can follow, if selected. Maximum three additional attempts can
be done (according to the NoOfReclosing parameter).

At 2-phasetrip (TR2P high and TR3P low), the operation issimilar asabove. But, if the
first reclosing attempt fails, a 3-phase trip will be issued and the AR will be blocked.
No more attempts take place!

At 3-phase trip, TR2P low and TR3P high, the AR will be blocked and no reclosing
takes place.

1/2ph + 1*3ph
1-phase, 2-phase or 3-phase reclosing in the first shot.

At 1-phase or 2-phase trip, the operation is as described above. If thefirst reclosing at-
tempt fails, a 3-phase trip will beissued and 3-phase reclosings can follow, if selected.
Maximum three additional attempts can be done (according to the NoOfReclosing pa-
rameter).
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At 3-phasetrip, the operationissimilar asabove. But, if thefirst reclosing attempt fail s,
a 3-phase trip will beissued and the AR will be blocked. No more attempts take place!

1ph + 1*2/3ph
1-phase, 2-phase or 3-phase reclosing in the first shot.

At 1-phase trip, the operation is as described above. If the first reclosing attempt fails,
a 3-phase trip will be issued and 3-phase reclosings can follow, if selected. Maximum
three additional attempts can be done (according to the NoOfReclosing parameter).

At 2-phase or 3-phase trip, the operation is similar as above. But, if the first reclosing
attempt fails, a3-phasetrip will beissued and the AR will be blocked. No more attempts
take place!

Table 17: Type of reclosing for different programs

Program 1st attempt 2-4th attempt
3ph 3ph 3ph
1/2/3ph 1ph 3ph

2ph 3ph

3ph 3ph
1/2ph 1ph 3ph

2ph 3ph

No 3ph reclosing No 3ph reclosing
1ph + 1*2ph 1ph 3ph

2ph No

No 3ph reclosing No 3ph reclosing
1/2ph + 1*3ph 1ph 3ph

2ph 3ph

3ph No
1ph + 1*2/3ph 1ph 3ph

2ph No

3ph No
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Blocking of a new reclosing cycle

A new start of areclosing cycleisblocked for the reclaim time after the sel ected number
of reclosing attempts are performed.

Reclosing checks and Reclaim timer

An AR open-time time-out signal is received from a program module. At three-phase
reclosing, a synchro-check and/or energising check or voltage check can be used. Itis
possible to use an internal or an external synchro-check function, configured to ARO1-
SYNC. If areclosing without check is preferred, configure the input AR01-SYNC to
FIXD-ON (set to 1).

Another possibility isto set the output from the internal synchro-check function to a
permanently active signal. Set Operation = Releasein the synchro-check function. Then
ARO01-SYNC is configured to SYNx-AUTOOK.

At confirmation from the synchro-check or if the reclosing is of single-phase type, the
signal passeson.

At ARO1-CBREADY signa of the Close-Open (CO) type, it is checked that this signal
is present to alow areclosing.

The synchrocheck and energizing check must be fulfilled within a certain period of
time, tSync. If it does not, or if the other conditions are not fulfilled, the reclosing isin-
terrupted and blocked.

The Reclaim-timer defines a period from the issue of areclosing command, after which
the reclosing function isreset. Should anew trip occur within thistime, it istreated as
acontinuation of the first fault. When a closing command is given (Pulse AR), the re-
claim timer is started.

Thereisan AR State Control, see Function block diagrams, to track the actual statein
the reclosing sequence.

Pulsing of CB closing command

The circuit breaker closing command, AR01-CLOSECB, is made as a pulse with a du-
ration, set by the tPulse parameter. For circuit breakers without an anti-pumping func-
tion, the closing-pul se-cutting described below can be used. It is selected by means of

the CutPul se parameter (set to On). In case of anew trip pulse, the closing pulse will be
cut (interrupted). But the minimum length of the closing pulseis always 50 ms.

At the issue of areclosing command, the associated reclosing operation counter is also

incremented. Thereis acounter for each type of reclosing and one for the total number
of reclosings. See Function block diagrams.
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Transient fault

After the reclosing command, the reclaim timer keeps running for the set time. If no
tripping occurswithin thistime, tReclaim, the auto-reclosing function will bereset. The
circuit breaker remains closed and the operating gear ready (manoeuvre spring is re-
charged). AR01-CBCLOSED = 1 and AR0O1-CBREADY = 1.

After the reclaim time, the AR state control resetsto original rest state, with ARO1-SE-
TON =1, ARO1-READY =1 and AR01-P1P = 1 (depending on the selected program).
The other ARO1 outputs = 0.

Unsuccessful signal

Normally the signal ARO1-UNSUC appears when anew start is received after the last
reclosing attempt has been made. See Function block diagrams. It can be programmed
to appear at any stage of areclosing sequence by setting the parameter UnsucMode =

On. The UNSUC signal is attained after the time tUnsuc.

Permanent fault

If anew trip takes place after areclosing attempt and a new ARO1-START or ARO1-
TRSOTF signal appears, the AR01-UNSUC (Reclosing unsuccessful) isactivated. The
timersfor the first reclosing attempt (t1 1Ph, t1 2Ph and t1) cannot be started.

Depending on the PulseCut parameter setting, the closing command may be shortened
at the second trip command.

After time-out of the reclaim timer, the auto reclosing function resets, but the circuit
breaker remains open (AR01-CBCLOSED = 0, ARO1-CBREADY =1). Thusthere-
closing function is not ready for a new reclosing cycle. See Function block diagrams
and Seguence examples.

Automatic confirmation of programmed reclosing attempts

The auto-recloser can be programmed to continue with reclosing attempts two to four
(if selected) even if the start signals are not received from the protection functions, but
the breaker is till not closed. See figure in Function block diagrams. Thisis done by
setting the parameter AutoCont = On and the wait time tAutoWait to desired length.

Calculations

Configuration and setting
The signals are configured in the CAP configuration tool.

The parameters for the automatic reclosing function are set viathe local HMI or PST
(Parameter Setting Tool). Refer to the Technical reference manual for setting parame-
ters and path in local HMI.
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Recommendations for input signals

Seefigure 202 "Recommendations for I/O-signal connections' on page 441 figure 203
"Recommendations for 1/0O-signal connections" on page 442 and the default configura-
tion for examples.

ARO1-START

Should be connected to the protection function trip output which shall start the auto-re-
closer. It can also be connected to abinary input for start from an external contact. A
logical OR gate can be used to multiply the number of start sources.

ARO01-ON and AR01-OFF
May be connected to binary inputs for external control.

ARO1-INHIBIT

Can be connected to binary inputs, to block the AR from a certain protection, such asa
line connected shunt reactor, transfer trip receive or back-up protection or breaker-fail-
ure protection.

AR01-CBCLOSED and AR01-CBREADY

Must be connected to binary inputs, for pick-up of the breaker signals. If the external
signals are of Breaker-not-ready type, uncharged etc., an inverter can be configured be-
fore CBREADY.

ARO01-SYNC

Is connected to theinternal synchro-check function if required. It can aso be connected
to abinary input. If neither internal nor external synchronizing or energizing check
(dead line check) isrequired, it can be connected to apermanent 1 (high), by connection
to FIXD-ON.

ARO01-PLCLOST
Can be connected to a binary input, when required.

ARO01-TRSOTF

Can be connected to the internal line protection, distance protection, trip switch-onto-
fault.

ARO01-STTHOL

Start of thermal overload protection signal. Can be connected to OVLD-TRIP to block
the AR at overload.

ARO01-TR2P and AR01-TR3P

Are connected to the function block TRIP or to binary inputs. The protection functions
that give two-phase or three-phase trips are supposed to be routed via that function.
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Other
The other input signals can be connected as required.

Recommendations for output signals

Seefigure 202 "Recommendations for 1/O-signal connections' on page 441 figure 203
"Recommendations for 1/O-signal connections” on page 442 and the default configura-
tion for examples.

ARO1-READY

Can be connected to the Zone extension of aline protection. It can also be used for in-
dication, if required.

AR01-1PT1 and 2PT1

1-phase and 2-phase reclosing in progress is used to temporarily block an Earth-fault
protection and/or a Pole disagreement function during the 1-phase or 2-phase open in-
tervals.

ARO01-CLOSECB
Connect to abinary output relay for circuit breaker closing command.

ARO01-P3P
Prepare 3-phase trip: Connect to TRIP-P3PTR.

ARO01-P1P

Permit 1-phasetrip: Can be connected to a binary output for connection to external pro-
tection or trip relays. In case of total loss of auxiliary voltage, the output relay dropsand
does not allow 1-phasetrip. If needed to invert the signal, it can be made by abreaking
contact of the output relay.

Other

The other output signals can be connected for indication, disturbance recording etc., as
required.
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Figure 203: Recommendations for I/O-signal connections

Recommendations for multi-breaker arrangement

Sequential reclosing at multi-breaker arrangement is achieved by giving the two line
breakers different priorities. Refer to figure 204 "Additional input and output signal s at
multi breaker arrangement” on page 443. At single breaker application, Priority is set
to No, and this has no influence on the function. The signal Started is sent to the next
function module. At double breaker and similar applications, Priority isset High for the
Master termina and Priority = Low for the Slave.

Whilereclosing isin progressin the master, it issuesthe signa -WFMASTER. A reset
delay ensures that the -WAIT signal iskept high for the breaker closing time. After an
unsuccessful reclosing, it is a'so maintained by the signal -UNSUC. For the slave ter-
minal, the input signal -WAIT holds back areclosing operation. A time tWait setsa
maximum waiting time for the reset of the Wait signal. At time-out, it interruptsthe re-
closing cycle by aWM-INH, wait for master inhibit, signal.
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Figure 204: Additional input and output signals at multi breaker arrangement
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Settings

Number of reclosing attempts: 1 to 4 attempts can be chosen. In most cases 1 attempt is
sufficient asthe majority of arcing faultswill cease after thefirst reclosing shot. In pow-
er systems with many faults caused by other phenomena than lightning, for example
wind, it can be motivated with more than one reclosing attempt.

There are six different possibilitiesin the selection of reclosing programs. What type of
first shot reclosing shall be made, and for which types of faults? In completely meshed
power systemsit is often acceptabl e to use three pole auto-reclosing for all fault types,
asfirst shot. In power systemswith few parallel paths single pole auto-reclosing should
be considered, in order to avoid reclosing in a phase opposition situation. In such sys-
tems auto-reclosing should be alowed for single phase faults only. It must be remem-
bered that there will be zero sequence current flow in the power system during the
single pole reclosing open time.

If a permissive channel is used between the line ends, and the availability of the com-
munication channel is considered to be low, extended dead time in case of loss of the
channel should be used.

Due to the secondary arc at single pole trip and auto-reclosing, the extinguishing time
for the arc will be longer than for three pole trip and auto-reclosing. Typical required
dead time for single pole trip and reclosing is 800 ms. Typical required dead time for
trip and reclosing is 400 ms. Different local phenomena, such as moisture, salt, pollu-
tion, etc. can influencetherequired dead time. The open timefor thefirst auto-reclosing
shot can be set for single pole (t1 1Ph), two pole (t1 2PH) and (t1).

The open time for the delayed auto-reclosing shots can be set individually (t2, t3 and
t4). This setting can in some cases be restricted by national regulations.

In case of reclosing based on synchrocheck amaximum wait time (tSync) can be set. If
the synchrocheck does not allow reclosing within this set time there will be no autore-
closing. This setting must be matched against the setting of the synchrocheck function.
The operate time of the synchrocheck is mainly dependent on the setting angle differ-
ence. A typical operationtimeisabout 200 ms. If the system will start to oscillate during
the dead time, there can be some time before the synchronizing quantities can be ac-
cepted for reclosing. This can be checked by means of dynamic simulations. As abase
recommendation tSync can be set to 2.0 s.

The breaker closing pulse length (tPulse) can be chosen with some margin longer that
the shortest allowed pulse for the breaker (see breaker data).

The tReclaim setting must be chosen so that all autoreclosing shots can be compl eted.
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Thesetting tTripisused for blocking of autoreclosing in case of long trip duration. This
can be the consequence of an unwanted permanent trip signal or a breaker failure.

In case of two or more autoreclosing modules only one shall be chosen as master (pri-

ority high). The others should have priority low. In case of one breaker only priority
noneis chosen.
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Single command (CD)

Application

The terminals may be provided with a function to receive signals either from a substa-
tion automation system or from the local human-machine interface, HMI. That receiv-
ing function block has outputs that can be used, for example, to control high voltage
apparatusesin switchyards. For local control functions, thelocal HMI can also be used.
Together with the configuration logic circuits, the user can govern pulses or steady out-
put signals for control purposes within the terminal or via binary outputs.

Figure 205 shows an application example of how the user can, in an easy way, connect
the command function via the configuration logic circuit to control a high-voltage ap-
paratus. Thistype of command control isnormally performed by a pulse viathe binary
outputs of the terminal. Figure 205 shows a close operation, but an open operation is
performed in a corresponding way without the synchro-check condition.

Single
command
function
CDxx Configuration logic circuits
SingleCmdFunc l I
| .
Close CB1 —{ CmdOuty | !
. |
ouUT | 200 ms |
y | User- & i >
- defined !
i conditions '
2 — MODE + Synchro- !
. check !
e e e = —

99000422.vsd

Figure 205: Application example showing a logic diagram for control of a circuit
breaker via configuration logic circuits

Figure 206 and figure 207 show other ways to control functions, which require steady
On/Off signals. The output can be used to control built-in functions or external equip-
ment.
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Figure 206: Application example showing a logic diagram for control of built-in func-

tions
Single
command
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Figure 207: Application example showing a logic diagram for control of external
equipment via configuration logic circuits

3.2 Design

The single command function consists of onefunction block, CDO1 for 16 binary output
signals.
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The output signals can be of the types Off, Steady, or Pulse. The setting is done on the
MODE input, common for the whole block, from the CAP tool configuration.

e 0= 0ff setsdl outputsto O, independent of the values sent from the station level,
that is, the operator station or remote-control gateway.

» 1= Steady setsthe outputsto a steady signal 0 or 1, depending on the values sent
from the station level.

* 2 =Pulsegives apulse with one execution cycle duration, if a value sent from the
station level ischanged from 0 to 1. That means that the configured logic connected
to the command function block may not have acycletimelonger than the execution
cycle time for the command function block.

The outputs can be individually controlled from the operator station, remote-control
gateway, or from the local HMI. Each output signal can be given a name with a maxi-
mum of 13 characters from the CAP configuration tool.

The output signals, here OUT1 to OUT16, are then available for configuration to built-
in functions or viathe configuration logic circuits to the binary outputs of the terminal.

Calculations

Setting

The setting parameters for the single command function are set from the CAP configu-
ration tool.

Parameters to be set are MODE, common for the whole block, and CmdOuty - includ-
ing the name for each output signal. The MODE input sets the outputs to be one of the
types Off, Steady, or Pulse.
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4.2

Multiple command (CM)

Application

The terminals may be provided with a function to receive signals either from a substa-
tion automation system or from other terminals via the interbay bus. That receiving
function block has 16 outputsthat can be used, together with the configuration logic cir-
cuits, for control purposes within the terminal or via binary outputs. When it isused to
communi cate with other terminal's, these terminal's have acorresponding event function
block to send the information.

Design

General

One multiple command function block CMO1 with fast execution time also named Bi-
nary signal interbay communication, high speed and/or 79 multiple command function
blocks CM02-CM80 with slower execution time are availablein the REx 5xx terminals
as options.

The output signals can be of the types Off, Steady, or Pulse. The setting is done on the
MODE input, common for the whole block, from the CAP configuration tool.

» 0= 0Off setsall outputs to 0, independent of the values sent from the station level,
that is, the operator station or remote-control gateway.

o 1= Steady setsthe outputsto a steady signal 0 or 1, depending on the values sent
from the station level.

» 2 =Pulsegivesapulse with one execution cycle duration, if avalue sent from the
station level ischanged from O to 1. That meansthat the configured logic connected
to the command function blocks may not have a cycle time longer than the execu-
tion cycle time for the command function block.

The multiple command function block has 16 outputs combined in one block, which can
be controlled from the operator station or from other terminals. One common name for
the block, with a maximum of 19 characters, is set from the configuration tool CAP.

The output signals, here OUT1 to OUT16, are then available for configuration to built-
in functions or viathe configuration logic circuits to the binary outputs of the terminal.

Binary signal interbay communication

The multiple command function block can also be used to receive information over the
LON bus from other REx 5xx terminals. The most common useisto transfer interlock-
ing information between different bays. That can be performed by an Event function
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block as the send block and with a multiple command function block as the receive
block. The configuration for the communication between terminalsismade by the LON
Network Tool.

TheMODE input is set to Steady at communi cation between terminalsand then the data
are mapped between the terminals.

The command function also has a supervision function, which sets the output VALID
to 0if the block did not receive datawithin an INTERV AL time, that could be set. This
function isapplicable only during communication between terminalsover the LON bus.
The INTERVAL input timeis set alittle bit longer than the interval time set on the
Event function block (see the document Event function). If INTERVAL=0, then VAL-
ID will be 1, that is, not applicable.

Calculations

Settings
The setting parameters for the multiple command function are set from the CAP con-
figuration tool.

The multiple command function has a common name setting (CmdOut) for the block.
The MODE input sets the outputs to be one of the types Off, Steady, or Pulse. INTER-
VAL isused for the supervision of the cyclical receiving of data.
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Chapter 10 Logic

About this chapter
This chapter describes the logic functions.
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Trip logic (TR)

Application

All trip signals from the different protection functions shall be routed through the trip
logic. Inits most simple alternative the logic will only link the trip signal and assure a
sufficient duration of thetrip signal.

Thetripping logicin REx 5xx protection, control and monitoring terminals offersthree
different operating modes:

*  Three-phase tripping for all kinds of faults (3ph operating mode)

* Single-phase tripping for single-phase faults and three-phase tripping for multi-
phase and evolving faults (1ph/3ph operating mode). The logic aso issues a three-
phase tripping command when phase sel ection within the operating protection func-
tionsis not possible, or when external conditions request three-phase tripping.

» Single-phase tripping for single-phase faults, two-phase tripping for ph-ph and ph-
ph-E faults and three-phase tripping for three-phase faults (1ph/2ph/3ph operating
mode). Thelogic also issues a three-phase tripping command when phase selection
within the operating protection functionsis not possible or at evolving multi-phase
faults.

The three phase trip for all faults gives a simple solution and is often sufficient in well
meshed transmission systems and in sub-transmission systems.

Asmost faults, especially on the highest voltage levels, are single phase to earth faults,
single phase tripping can be of great vaue. If the faulted phase is tripped only, power
can be transferred on the line also during the dead time before reclosing. The single
phase tripping at single phase faults must be combined with single pole reclosing.

Two phase tripping can be valuable on lines running parallel to each other.

To meet the different single, double, 1 and 1/2 or other multiple circuit breaker arrange-
ments, one or more identical TR function blocks may be provided within asingle ter-
minal. The actual number of these TR function blocks that may be included within any
given terminal depends on the type of terminal. Therefore, the specific circuit breaker
arrangements that can be catered for, or the number of bays of a specific arrangement
that can be catered for, depends on the type of terminal.

One TR function block should be used for each breaker, if the line is connected to the
substation viamore than one breaker. Assume that single pole tripping and auto-reclos-
ing isused for theline. The breaker chosen as master must in that case have single pole
tripping, while the slave breaker could have three pole tripping and auto-reclosing. In
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case of a permanent fault only one of the breakers has to be operated at the second en-
ergising of the fault. In case of atransient fault the slave breaker reclosing ismade asa
three pole reclosing onto the non-faulted line.

The same philosophy can be used for two-pole tripping and auto-reclosing.

Functionality

The minimum duration of atrip output signal from the TR function is 150ms. Thisisto
secure the fault clearance.

Thethree-pole TR function hasasingleinput through which all trip output signalsfrom
the protection functions within the terminal, or from external protection functions via
one or more of the terminal’ s binary inputs, are routed. It has a single trip output for
connection to one or more of the terminal’ s binary outputs, aswell asto other functions
within the terminal requiring thissignal.

:TRIP-BLOCK — 1,

I TRIP-TRIN ] N e > —RETRE
: B3 |
: Operation = On II :
o 00000577 v

Figure 208: Simplified logic diagram for trip logic

The expanded TR function for single- and two-pole tripping has additiona phase seg-
regated inputsfor this, aswell asinputsfor faulted phase selection. The latter inputs en-
able single- and two-pole tripping for those functions which do not have their own
phase selection capability, and therefore which have just a single trip output and not
phase segregated trip outputs for routing through the phase segregated trip inputs of the
expanded TR function. Examples of such protection functions are the residual overcur-
rent protections. The expanded TR function has two inputs for these functions, one for
impedance tripping (e.g. carrier-aided tripping commands from the scheme communi-
cation logic), and one for earth fault tripping (e.g. tripping output from aresidual over-
current protection). Additional logic secures a three-pole final trip command for these
protection functions in the absence of the required phase selection signals.
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The expanded TR function has three trip outputs, one per phase, for connection to one
or more of the terminal’ s binary outputs, as well as to other functions within the termi-
nal requiring these signals. There are al so separate output signalsindicating single pole,
two pole or three pole trip. These signals are important for the cooperation with the
auto-reclosing function.

The expanded TR function is equipped with logic which secures correct operation for
evolving faultsaswell asfor reclosing on to persistent faults. A special input isalso pro-
vided which disables single- and two-pole tripping, forcing al tripping to be three-pole.

In case of multi-breaker arrangement, one TR function block can be used for each
breaker, if the breaker functions differ. This can be the caseif single pole trip and auto-
reclosing is used.

Design

The function consists of the following basic logic parts:

» A three-phase front logic that is activated when the terminal is set into exclusive
three-phase operating mode.

* A phase segregated front logic that is activated when the terminal isin 1ph/3ph or
1ph/2ph/3ph operating mode.

» Anadditional logic for evolving faults and three-phase tripping when the function
operates in 1ph/3ph operating mode.

« Anadditional logic for evolving faults and three-phase tripping when the function
operates in 1ph/2ph/3ph operating mode.

e Thefinal tripping circuits.

Three-phase front logic

Figure 209 shows asimplified block diagram of athree-phase front logic. Descriptions
of different signalsare availablein signal list.
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Figure 209: Three-phase front logic - simplified logic diagram

Any of active functional input signals activates the RSTTRIP internal signal, which in-
fluences the operation of the final tripping circuits.

Phase segregated front logic

The following input signals to the single-phase front logic influence the single-phase
tripping of the terminal see figure 210:

» Phaserelated tripping signals from different built-in protection functions that can
operate on a phase segregated basis and are used in theterminal. The output signals
of these functions should be configured to the TRIP-TRINLnN (n = 1...3) functional
inputs.

» Internal phase-selective tripping signas from different phase selection functions
withintheterminal, like PHS (phase selection for distance protection) or GFC (gen-
eral fault criteria). The output signals of these functions should be configured to the
TRIP-PSLn (n=1...3) functional inputs. It isalso possible to connect to these func-
tional inputs different external phase selection signals.

» Single-phase tripping commands from line distance protection or carrier aided trip-
ping commands from scheme communication logic for distance protection, which
initiate single-phase tripping. These signals should be configured to the TRIP-
1PTRZ functional input. It is also possible to configure a tripping output from an
earth-fault overcurrent protection, to initiate the single-pole trip in connection with
some external phase selection function. This signal should be configured to the
TRIP-1PTREF functional input.
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Figure 210: Phase segregated front logic

The TRIP-1PTRZ signal enables tripping corresponding to phase selection signals
without any restriction while any phase sel ective external tripping signals prevent such
tripping from the TRIP-1PTREF signal.

If any of these signals continuesfor more than 50 mswithout the presence of any phase
selection signals, three-phase tripping command is issued.

It is possible to configure the TRIP-1PTREF signal to the output signal of the EF---
TRIPovercurrent, earth-fault, protection function (directiona and nondirectional). This
enables single-phase tripping when the faulty phase is detected by some other phase-
selection element such as the phase selection in distance protection.

Additional logic for 1ph/3ph operating mode

Figure 211 presents the additional logic when the trip function isin 1ph/3ph operating
mode. A TRIP-P3PTR functional input signal activates athree pole tripping if at least
one phase within the front logic initiates a trip command.
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Figure 211: Additional logic for the 1ph/3ph operating mode

If only one of internal signalsLnTRIPispresent without the presence of aTRIP-P3PTR
signal, asingle pole tripping information is send to the final tripping circuits. A three-
phase tripping command is initiated in all other cases.

Built-in drop-off delayed (two second) timers secure athree-phase tripping for evolving
faultsif the second fault occursin different phase than the first one within atwo second
interval after initiation of afirst tripping command.

Additional logic for 1ph/2ph/3ph operating mode

Figur 212 presents the additional logic, when the trip function isin 1ph/2ph/3ph oper-
ating mode. A TRIP-P3PTR functional input signal activates athree pole tripping if at
least one phase within the front logic initiates a trip command.
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Figure 212: Additional logic for the 1ph/2ph/3ph operating mode

Thelogic initiates a single-phase tripping information to the final logic circuits, if only
one of internal input signals (LNnTRIP) is active. A two phase tripping information is
send in case, when two out of threeinput signalsLnTRIP are active. A three phase trip-
ping information requires al three LnTRIP input signals to be active.

The built in drop-off delayed (two seconds) timers secure correct three-phase tripping
information, when the faults are detected within two seconds in all three phases.

Final tripping circuits

Figur 213 present the final tripping circuits for atripping function within the REx 5xx
terminals. The TRIP-BLOCK functional input signal can block the operation of afunc-
tion, so that no functional output signals become logical one. Detailed explanation of
functional output signalsis available in signal list.
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Figure 213: Final tripping circuits
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Pole discordance protection (PD)

Application

Circuit breaker pole position discordance can occur on the operation of a breaker with
independent operating gears for the three poles. The reason may be an interruption in
the trip coil circuits, or amechanical failure resulting in a stuck breaker pole. A pole
discordance can be tolerated for alimited time, for instance during a single-phase trip-
auto-reclose cycle.

The pole discordance logic (PD) detects abreaker pole position discrepancy not gener-
ated by asingle pole reclosing and generates a three phase command trip to the circuit
breaker itself.

Functionality

Functionality for contact based pole discordance

The operation of the contact based pole discordance logic is based on checking the po-
sition of thecircuit breaker through six of itsauxiliary contacts: three parallel connected
normally open contacts are connected in series with three parallel connected normally
closed contacts. Thishard-wired logicisvery often integrated in the circuit breaker con-
trol cabinets and givesaclosed signal in case of pole discordancein the circuit breaker.
Thissignal is connected to the PD---POLDISC input of the pole discordance function.
If the function is enabled, after a short delay, the activation of thisinput causes atrip
command (PD---TRIP).

Figure 214 shows the typical application connection for the contact based pole discor-
dance function.
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Figure 214: Typical connection diagram for pole discordance function - contact based
Design

The simplified logic diagram of the contact based pole discordance logic is shown in
figure 215.
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Figure 215: Simplified logic digram of pole discordance logic - contact based
The pole discordance logic is disabled if:

e Theterminal isin TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockPD=Y es)

e Theinput signal PD---BLOCK is high
* Theinput signal PD---1POPEN is high

The PD---BLOCK signal isageneral purpose blocking signal of the pole discordance
logic. It can be connected to a binary input of the terminal in order to receive a block
command from external devices or can be software connected to other internal func-
tions of the terminal itself in order to receive ablock command from internal functions.
Through OR gate it can be connected to both binary inputs and internal function out-
puts.

The PD---1POPEN signal blocks the pole discordance operation when a single phase
auto-reclosing cycleisin progress. It can be connected to the output signal AR01-1PT1
if the autoreclosing function isintegrated in the terminal; if the auto-reclosing function
is an external device, then PD---1POPEN has to be connected to a binary input of the
terminal and this binary input is connected to asignallisation “ 1phase auto-reclosing in
progress’ from the external auto-reclosing device.
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If one or two poles of the circuit breaker have failed to open or to close (pole discor-
dance status), then the function input PD---POLDISC is activated from the pole discor-
dance signal derived from the circuit breaker auxiliary contacts (one NO contact for
each phase connected in paralel, and in series with one NC contact for each phase con-
nected in parallel). If the pole discordance function is enabled, a 150 mstrip pul se com-
mand (PD---TRIP) is generated, after a settable time interval t (0-60 ).

2.4 Calculations

241 Setting Instruction
The parameters for the pole discordance protection function are set viathe local HMI

or PST (Parameter Setting Tool). Refer to the Technical reference manua for setting
parameters and path in local HMI.
The parameters and their setting ranges are shown in the appendix.

Comments regarding settings:

Operation: Pole discordance protection On/Off. Activation or de-activation of
the logic.
Time delay , t: The time delay is not critical because the pole discordance logic

operates mainly with load conditions. The time delay should be
chosen between 0.5 and 1 s.
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High speed binary output logic (HSBO)

Application

The high-speed binary out logic (HSBO--) isincluded as basic and is used as a supple-
ment to the high-speed protection function (HS--) and the distance protection zone 1
function (ZM 1--) in the REx 5xx terminals.

Depending on the terminal type (actually the set of included functions) the following
description will be valid entirely or partly.

Together with the high-speed binary out logic, the high-speed (distance) protection and
the (main) distance protection zone 1 obtain even shorter operatetimessincethecritical
connections to/from binary output/input are established in a more straightforward way
than in the case of using the regular I/O-modules.

The high-speed binary out logic aso includes trip scheme logic employing the same
‘fast’ connections. The HSBO trip schemelogic will runin parallel with theregular trip
scheme logic configured within the terminal (ZC1P and ZCOM). In fact, information
from these two functions will be used in the HSBO function.

Functionality

The operation of the high-speed binary out logic overrunsall other logical circuitswith-
in the terminal and activates, with minimum time delay, the binary outputs (output re-
lays). The same relays should also be activated by the normal functional outputs of
corresponding built-in functions (TRIP function, for example). The reason for thisis
that the ‘fast’ (phase segregated) outputs of the HSBO function should bring forward
an earlier activation of trip and carrier send signalsthat are supposed to be continued by
the regular functions (TRIP, ZC1P and ZCOM function). For example, thetrip signals
that are issued by the high-speed protection function through the HSBO function are
presented as short pulses (20ms) and therefore they need to be extended (continued). In
the general case, thiswould be provided for by the intervention of the TRIP function.

The operation isdependent upon other functions within theterminal. To achieve correct
functionality, it is absolutely necessary that al depending functions are configured cor-
rectly, set on and not blocked. With respect to the employed distance protection transfer
trip scheme the HSBO function will retrieve the necessary information from the regular
communication functions (ZC1P or ZCOM) in order to determine the mode of opera-
tion. The HSBO function will support intertrip, permissive under-reach and permissive
overreach scheme. Thereis, however, one exception to the possible use of these
schemes. A delayed operation within the communication functions (ZCOM or ZC1P)
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(i.e. tCoord > 0) isnot allowed. Inthis case the trip schemelogic within the HSBO func-
tion should be blocked through activating input HSBO-BLKZCTR. Do not use the de-
fault value for tCoord of 50ms.

The main configuration for the function is shown in figure 216 below.

This configuration is made internally and cannot be altered.

465



High speed binary output logic (HSBO)

Chapter 10
Logic

466

- BIx— ZC1P-CRLn

|

|

HSBO i

B HSBO- Reaular functi i

BLKZCTR HSBO-ERROR eg,‘;:; i:‘\;‘::;m i

- Blyl— ZC1P-CRMPH HSBO. i

¢ Blz— ZCOM-CR BLKHSTR !

-" |

N HSBO- i

BLKHSCS i

: Binary inputs 77 “nternal infout | |
LUBIX < »| HSBO-CRLn  HSBO-TRLn |« i
.‘I'Bly « Binary output contacts l
"BlZ « HSBO- HSBO-CSLn » BOXx “ !

» CRMPH \—> BOY: !

ZCIp HSBOCSWPH|—— " |
ZC1P-CACCLN BOz. ' i
TEST/BLOCK »| HSBO-CR - _ N .
Fast Trip/CS outputs I

ZCOM configured through 10xx: ¢ |

. | HSBO- settings: L I

ZCOM-CACC » ZC1PCACCLn JIOMOD BOX -
TEST/BLOCK —— TRmLnOUT , !
CSLnOUT BOy..-* !

TRIP | HsBO- CSMPHOUT . |
TRIP-PSLn ] ZCOMCACC  \. /| BOz- - i
TEST/BLOC HSBO- i
TRIPPSLn i

_HS <—|—> HSBO-HSTRLn :
HS-TRL !

n « —»|HSBO-HSCSLn |

HS-CSLn i
HS-CSMPH<—|—> HSBO- i
EE— HSCSMPH i

™M HSBO- i
ZM1-TRLn <—|—> ZM1TRLn !

|
_________________________________________________________________ |
en01000181.vsd

Figure 216: Simplified diagram of the high-speed binary out logic function together
with depending functions
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According to the presented ‘internal’ configuration input will be brought in from the
HS, ZM1, ZC1P, ZCOM and TRIP functions.

Inthe caseof carrier receivesignals, theinput will be attained directly from binary input
overriding the binary I/O-modules. Thisis obtained by means of looking up and con-
necting to the input contacts used for the carrier receive inputs of the ZC1P and/or the
ZCOM function. Thiscalsfor that the carrier receive inputs of thelatter functions must
be connected directly to a binary I/O-module, with nothing in between. In figure 216
thisisillustrated with ZC1P-CRLn and ZCOM-CR connected to arbitrary binary in
(Blx, Bly,...).

Theinput signals (HSBO-ZC1PCACCLn, HSBO-ZCOMCACC and HSBO-
TRIPPSLn) are connected to the inputs on respective function block. This means that
the high-speed binary out logic runsin parallel with those functions. But it is important
that the functions are set on so the signals are received with true values. Otherwise, the
logic can malfunction. Note that these signals can be blocked in the function from
where they originate.

Similarly, input ssignals HSBO-HSTRLn, HSBO-CSLn and HSBO-HSCSMPH are
connected to the output of the HS function. Input signals HSBO-ZM1TRLn are con-
nected to the output of the ZM1 function.

Shown connections to in and outputs of the other function blocks (ZC1P-, ZCOM-,
TRIP-, HS- and ZM 1-) can not be re configured. They are so called hard connections
in the software and done during manufacturing.

The output signals (trip and carrier send) must be configured to appropriate binary out-
put contacts during engineering. Thisis done through configuring the corresponding
parameters of the HSBO-functionin CAPtool (IOMOD, TRmLNOUT, CSLnOUT and
CSMPHOUT).

It should be noted that trip output from the HSBO-function can be issued either from
the HS-function or the ZM 1-function, or both in parallel, depending on terminal type
and setting. As specified above the common trip outputs are configured through param-
eters TRmLNOUT.

It is possible to configure the output of all three phasesto one binary output contact in
order to obtain direct three-phase tripping for all kinds of faults.

The blocking input signals (HSBO-BLKZCTR, -BLKHSTR and -BLK-HSCS) are nor-

mal function input signals. The configuration is done with the configuration tool CAP
tool as usual.
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Theerror output signal (HSBO-ERROR) indicatesif the present configuration of ‘fast’
trip and carrier send output does not correspond to actual hardware (binary output
cards). The signal can be used for indication or as wanted.

3.3 Design
The internal design of the functional block is shown in figure 217 below.
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Figure 217: Simplified logic diagram of the function block

468



High speed binary output logic (HSBO) Chapter 10

Logic

Below is adescription of the internal input/output signals.

Input signals:

HSBO-CRLn

HSBO-CRMPH

HSBO-
ZC1PCACCLn

HSBO-CR

HSBO-ZCOM-

CACC

HSBO-TRIPPSLn

HSBO-ZM1TRLn

HSBO-HSTRLn

HSBO-HSCSLn

HSBO-HSCSMPH

Carrier receive signal, for phase n (n=1..3), connected to the binary input.
These inputs use the same signals as the inputs to the communication
logic ZC1P-.

A carrier receive signal, multi-phase, connected to a binary input. It uses

the same signal as the input to the communication logic ZC1P-.

Carrier acceleration signals, for phase n (n=1..3). They are connected
internally to the input of the communication logic ZC1P- and cannot be
redirected.

A carrier receive signal connected to a binary input, already connected to
the corresponding input of the communication logic ZCOM-.

A carrier acceleration signal. Is a hard connection to the input of the com-
munication logic ZCOM-.

Phase selection signal, selected phase n (n=1..3). Is a hard connection to
the input of the trip function block TRIP-.

Trip signal, of phase n (n=1..3). Is a hard connection to the output of the
distance protection zone 1 function block ZM1-.

Trip signal, of phase n (n=1..3). Is a hard connection to the output of the
high-speed function block HS---.

Carrier send signals, of phase n (n=1..3). Is a hard connection to the out-
put of the high-speed function block HS---.

A carrier send signal, multi-phase. Is a hard connection to the output of
the high-speed function block HS---.

Configuration parameters
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Output signals:
IOMOD Parameter for selecting the binary out card supposed to transfer the ‘fast’
outputs of the HSBO function.
TRmLNOUT Parameter for selecting the specific binary output contact intended for trip

signal m of phase n. m is either 1 or 2. Both the ‘TR1LnOUT-output’ and
‘TR2LNOUT-output’ carry the same signal, for a possible double-breaker
arrangement. It is recommended that these trip outputs are configured to
the same contacts as the corresponding regular trip outputs (of the TRIP
function). If three-pole trip is required all three trip outputs should be con-
figured to the same contact (i.e. TRXLLOUT=TRxL20OUT=TRxL30UT).
Consider that the trip signals can be issued from the HS function and/or
the ZM1 function.

CSLnOUT Parameter for selecting the specific binary output contact intended for
carrier send signal of phase n. Like in the trip output case above, it is rec-
ommended that these carrier send outputs are configured to the same
contacts as the corresponding regular carrier send outputs (of the ZC1P
or ZCOM function).

CSMPHOUT Parameter for selecting the specific binary output contact intended for the
multi-phase carrier send signal. If it is applicable, connect it to the same
contact as the regular multi-phase carrier send signal (of the ZC1P func-
tion).

Status of the output signals can be viewed on the local HMI under menu:

ServiceReport
Functions
Impedance
HighSpeedBO
FuncOutputs

Here, the signals are designated:

HSBO-TRLnN
HSBO-CSLn

HSBO-CSMPH
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4.2

Communication channel logic (CCHL)

Application

The security of the protection system can be influenced by the performance of commu-
nication channels. In many applications spurious signal s or absence of signalscan cause
malfunction of the protection system. One example is when direct intertrip is used
where afalse signal will cause unwanted tripping.

In order to increase security double communication channel s between the line ends can
be used. For the combination of two channels the communication channel logic
(CCHL) isused. CCHL isintended to be used together with the system protection and
control functions. Thislogic combines the two received signalsto one CR signal in the
terminal. The logic will accept the two channel signals as simultaneous only if they ap-
pear both during a settable time. Further the logic detects faults in the communication
channels and blocks or changes the decision mode from two-channel -out-of-two into
one-channel-out-of-two.

In case of a“dead” communication channel thereisapossibility to have an unblocking
function activated. If thereis no CR signal, no CGuard signal and no fault signal from
the PL C equipment, this can be transferred to a CR signal in the terminal.

Functionality

General

CCHL is used together with different sub-functions of a system protection function. It
has an independent function block with two independent channel s (four independent in-
put channels). Their cooperation with different measuring functionswill be determined
by means of atermina configuration tools (CAP 531, for example).

The CCHL logic receives channel received, channel guard received and channel failed
signalsfrom both communication channels. The unblocking logic isnot incorporated in
thelogic for the receipt of both channels. To havethisoutput, the actual signalsfor both
channels must be simultaneously received. Thelogic for the receipt of one-channel-out-
of-two is enabled by way of an input signal. Furthermore, the one-channel-out-of-two
output can only be given if one of the communications channels hasfailed, asthislogic
issupervised by thefailure of either channel. When selected, the unblocking logicisin-
corporated within this one-out-of-two logic.

The CCHL logic incorporates a number of security timersto make absolutely sure that
NO erroneous outputs are given for spurious channel received signals.
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The CCHL logic aso provides, for each channel, a communications channel failed out-
put.

Basic signals from each communication channel

Each communication channel has three basic output signals, which are used as inputs
tothelogic:

- CRn (nisaserial number of communication channel) is an input signal on received
carrier signal, seefigure 218.

- CRGnisaguard signal for the corresponding communication channel. It is normal,
that thissignal islogical one, when CRnislogical zero and vice-versa. Theinput should
be configured to FIXD-OFF, if the CRGn signal is not available from the carrier com-
muni cation equipment.

- COMFnisaninput signal, which informs on the operation of a self-supervision func-
tion within the carrier communication equipment used. The input should be configured
to FIXD-OFF, if the signal is not available on the communication equipment.

CCHL-CR1

—_— tSecl
& i
CCHL-CRG1 ]

CCHL-COMF1 “

Unblocking logic

Unblock1=0n

en01000033.vsd
Figure 218: Communication channel logic 1

Time delayed operation for one only received communication signal

If one communication channel has been detected asfaulty (see section "Detection of a
failed communication channel") and the operating mode has been permitted to change
from two-of-two to one-of-two, a CCHL-CR appears after atime delay, set on tSecl
timer in case, that the second channel is healthy and the CRn signal appearswithout the
presence of a CRGn signal.

Unblocking logic within each separate signal

For an illustration of an unblocking logic within each separate signal, see figure 218. If
none of signals CCHL-CR1 and CCHL-CRGL1 is present for atime longer than the one
set on atSecl timer and no CCHL-COMF1 signal has been detected, an unblocking log-
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ic for aparticular signal channel is permitted to operate. The operation of thislogicis
additionally conditioned by the Unblockn setting parameter, which must be set to Un-
blockn=On, if thelogic isintended to operate. Thelogicis practically the same as used
together with the communication logic for the line distance protection (ZCOM func-

tion). The differenceisthat the tReSt restart timer and the tSig signal timer are settable.

Simultaneous presence of two carrier receive signals

For an illustration of asimultaneous presence of two carrier receive signals, seefigure
219. If both carrier receive signals (CCHL-CR1 and CCHL-CR2) are present at the
same moment and both guard signals go to logical zero, the output signals CCHL-CR
goes high after atime delay, which is settable on the security timer TSecC. The most
common setting for thistimer is 0 ms, because the high enough security is obtained al-
ready with serial connection of two communication channels. This mode of operation
is aso indicated by the appearance of CCHL-CRL2CH output signal.

CCHL-CR1

tSecC
CCHL-CRG1 n n CCHL-CRL2CH

CCHL-CR2

iCCHL-CRG2 n

en01000034.vsd

Figure 219: Combination of two communication channels

Detection of a failed communication channel

For anillustration of a combination of two communication channels, see figure 220.
The communication channel is understood as faulty under the following conditions:

- If CR1 and CRGL signals are present simultaneously for more than 20 ms and no
COMF1 signal has been present

- If aCOMF1 signal appears on the corresponding functional input

- If non of thethreeinput signals (CR1, CRG1, and COMF1) appears for more than the
time delay set on a security timer tSec2.

The logic detects the faulty channel and sets high the corresponding CCHL-CH1FAIL
output signal.

In al three cases the logic checks also the CCHL-2TO1O0K input signal, which is com-
mon to both communication channels. This signal determines whether it is possible to
switch the operating mode from two-of-two to one-of-two or not. This means that the
user can influence this change by configuring the CCHL-2TO10K to FIXD-ON
(change permitted) or to FIXD-OFF (switch not permitted).
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The CCHL-CRL1CH output signa goes high, if afault has been detected on one com-
munication channel and the second communication channel has operated correctly and
transmitted the corresponding carrier signal.

T T - -""-"""-""-"\"-"\"=-"¥"-"=-""=-""=-"\"=""="-"\"*"=""=""=""—"""—"°""—°"—°"=- a

|
*CCHL-CR1
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Figure 220: communication channel fail logic.

Calculations

There are some time settings to be made:

tSecC: thetimefor which the signal sfrom both channel s must be simultaneous received
before a CR signal is given as an output from the logic. In most cases this timer can be
set to O.

tSecl: Security timeto ensure definite, and not spurious, receipte of the channel signal.
Thistime delay shall be about the same as the shortest puls time of the CS signal from
the remote line end.

tSec2: Security time following the loss of guard signal before activation of the unblock-
ing logic. The setting shall be longer than the possible time difference between the
change of CR and CRG signals. 50 ms is recommended.
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5.1

5.2

Communication channel test logic (CCHT)

Application

Many applicationsin secondary systemsrequiretesting of different functionswith con-
firmed information on successfully completed test. Carrier channel rest (CCHT) func-
tion serves primarily testing of communication (power line carrier) channelsin
applications, where continuous monitoring by some other meansis not possible dueto
technical or economical reasons.

Thelogicinitiates sending of some impulse (carrier send signal), which starts the oper-
ation of different functions outside thelogic, and checks the feedback from the external
function. It reports the successful or non-successful response on initiated test. It is also
possibleto abort the test with some external signal, which overrulesall internal process.

It ispossibletoinitiate the logic manually or automatically. Manual starts are possible
by means of external push-button, connected to the binary input of aterminal. Automat-
ic starts are possible in long time intervals with their duration dependent on setting of
the corresponding timer.

Design

Figure 221 presents asimplified logic diagram for the CCHT function. Logical one on
CCHT-BLOCK functiona input disables completely the operation of the logic.
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Figure 221: Simplified logic diagram for the CCHT function

Selection of an operating mode

Selection of an operating mode, which determines the automatic (internal) or manual
(external) start is possible by setting the “Operation = Aut” and “ Operation = Man” re-
spectively (seefigure 221). The automatic starting requires continuous presence of log-
ical one on CCHT-START functional input. Setting of the tStart timer determines the
timeintervals for the automatic startslogic.

Any presence of thelogical onesignal onthe CCHT-START functional input startsthe
function, when in manual operating mode.

Operation at sending end

Manual or automatic start initiates the pulse, which is 15 mslonger than the time set on
atWait timer. This pulse initiates the CCHT-CS functional output signal in duration as
set on atCsS pulse timer. The same pulse starts al so the time measurement by the tWait
timer. The CCHT-ALARM output signal appears, if the CCHT-CR input does not be-
come logica onewithin the time interval, as set on the tWait timer. The appearance of
the CCHT-CR signal is safeguarded by a 15 mstimer, to prevent influence of the dis-

turbances on acommunication link.



Communication channel test logic Chapter 10
(CCHT) Logic

The appearance of the CCHT-CR signal within the tWait time interval activates the
CCHT-CHOK output signal. It remains active for the period as set on the timer tChOK
or until the CCHT-ALARM appears at new start of a CCHT function.

The tCh timer, which is delayed on drop-off, prevents ringing of acomplete system. It
ispossible to reset the CCHT-ALARM output signal by activating the CCHT-RESET
functional input.

Operation at receiving end

Activation of a CCHT-CR functiona input activates instantaneously the CCHT-CS
functional output, if the timer tCh has not been activated or the function has not been
blocked by the active CCHT-BLOCK functional input. Duration of the CCHT-CR in-
put signal must be longer than 15 msto avoid operation at different disturbances on
communication link.
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Binary signal transfer to remote end (RTC)

Application

The binary signal transfer function is preferably used for sending communication
scheme related signals, transfer trip and/or other binary signals required at the remote
end. Up to 32 selectable binary send signals, internal or external, and 32 selectable bi-
nary receive signals can be transmitted.

Together with the binary signalsinternal to theterminal, the function is utilising binary
inputs and outputs. The function can be provided with various 56/64 kbit/s communi-
cation modules for optical fibre or galvanic connection.

The communication can be done viadirect galvanic communication linefor shorter dis-
tances, via dedicated optical fibres up to around 30 km and via a communication net-
work for longer distances.

Design

The function Binary signal transfer to remote end consists of two function blocks,
RTC1 and RTC2, each handling 16 inputs (SENDO1-16) and 16 outputs (REC01-16).
Figure 222 shows the signal diagram for RTC1. Thisdiagram is also valid for RTC2
since the signal inputs and outputs are the same.

A signal applied to an input of one function block, e.g. RTC1-SENDO1, in one terminal
will be transmitted, via a data communication link, to aremote terminal and there ap-
pear at the corresponding output of the corresponding function block, that isin the ex-
ample RTC1-RECOL. The transmission takes 10 - 25 ms plus communication link
delay. No additional security actions to that included in the communication handling,
that is CRC-check, checking length of telegram and addressing, are incorporated.

Both function blocks have an input BLOCK, which isavailable to block the operation.
When the input is energized, all 16 binary input signals of that function block will be
sent as zeroes. Incoming signals from remote end are not affected.

An output COMFAIL is also available to announce an alarm when thereisafailurein
the communication with the remote terminal. The COMFAIL for both function blocks
worksin parallel soinformation will appear simultaneously on both function blocks. At
COMFAIL all 16 output signal on both function blocks will be set to zero.
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Figure 222: Binary signal transfer to remote end RTC 1, signal inputs and outputs

User defined names can be applied to the inputs and outputs. These identities are set
from the CAP configuration tool.

A servicereport providesinformation of the status of all function block outputs as well

asinputs. The status can be viewed on thelocal HMI. Refer to Technical reference man-
ual for outputs and path in local HMI.
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Remote end data communication

The*“Binary signal transfer to remote end” function uses the same communication func-
tionality and hardware for communication with remote end as used for the line differ-

ential function. These items are described in the chapter “ Data communication” in the
application manual. The settings that has to be made for these items are al so described

in each chapter respectively.

Status information of the Remote end data communication is available on the loca
HMI.
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Event function (EV)

Application

When using a Substation Automation system, events can be spontaneously sent or
polled from theterminal to the station level. These eventsare created from any available
signal in the terminal that is connected to the event function block. The event function
block can aso handle double indication, that is normally used to indicate positions of
high-voltage apparatuses. With this event function block, data also can be sent to other
terminals over the interbay bus.

Functionality

The events can be created from both internal logical signals and binary input channels.
The internal signals are time tagged in the main processing module, while the binary
input channels are time tagged directly on each I/0O module. The events are produced
according to the set event masks. The event masks are treated commonly for both the
LON and SPA channels. All events according to the event mask are stored in a buffer,
which contains up to 1000 events. If new events appear before the oldest event in the
buffer isread, the oldest event is overwritten and an overflow alarm appears.

The outputs from the event function block are formed by the reading of status and
events by the station HM1 on either every singleinput or doubleinput. The user-defined
name for each input is intended to be used by the station HMI.

Twelve of the event function blocks are executed with fast cyclicity. That means that
the time-tagging resolution on the events that are emerging from internal logical sig-
nals, created from configurablelogic, isthe same asthe cyclicity of thislogic. Thetime
tagging resolution on the events that are emerging from binary input signals have ares-
olution of 1 ms.

Two specia signalsfor event registration purposes are available in theterminal, Termi-
nal restarted and Event buffer overflow.

Design

General

Asbasic, 12 event function blocks EV01-EV 12 running with afast cyclicity, are avail-
able in REx 5xx. When the function Apparatus control isincluded in the terminal, ad-
ditional 32 event function blocks EV 13-EV 44, running with a slower cyclicity, are
available.

481



Event function (EV) Chapter 10
Logic

482

Each event function block has 16 connectables corresponding to 16 inputs INPUT1 to
INPUT16. Every input can be given aname with up to 19 charactersfrom the CAP con-
figuration tool.

The inputs can be used as individual events or can be defined as double indication
events.

The inputs can be set individually from the Parameter Setting Tool (PST) under the
Mask-Event function as:

* Noevents

*  OnSet, at pick-up of the signal

¢ OnResst, at drop-out of the signal

e OnChange, at both pick-up and drop-out of the signal

Also aninput PrColxx (xx=01-44) is avail able on the function block to define on which
protocol the events shall be sent.

The event function blocks EV01-EV06 have inputs for information numbers and func-
tion type, which are used to define the events according to the communication standard
|EC 60870-5-103.

Double indication

Double indications are used to handle a combination of two inputs at atime, for exam-
ple, one input for the open and one for the close position of a circuit breaker or discon-
nector. The double indication consists of an odd and an even input number. When the

odd input is defined as a double indication, the next even input is considered to be the
other input. The odd inputs has a suppression timer to suppress events at 00 states.

To beused asdoubleindicationsthe odd inputs areindividually set from the SM S under
the Mask-Event function as:

» Doubleindication
* Double indication with midposition suppression

Here, the settings of the corresponding even inputs have no meaning.

These states of the inputs generate events. The statusis read by the station HMI on the
status indication for the odd input:

¢ 00 generates an intermediate event with the read status 0
e 01 generates a close event with the read status 1
» 10 generates an open event with the read status 2
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» 11 generates an undefined event with the read status 3

Communication between terminals
The BOUND and INTERVAL inputs are available on the event function block.

The BOUND input set to 1 means that the output value of the event block is bound to
another control terminal on the LON bus. The event function block is then used to send
dataover the LON busto other REx 5xx terminals. The most common useisto transfer
interlocking information between different bays. That can be performed by an event
function block used as a send block and with a M ultiple Command function block used
as areceive block. The document Apparatus Control describes how to transfer the in-
terlocking information. The configuration of the communication between control ter-
minalsis made by the LON Network Tool.

The INTERVAL input is applicable only when the BOUND input is set to 1. The IN-
TERVAL isintended to be used for cyclic sending of datato other control terminalsvia
the LON buswiththeinterval timeasset. Thiscyclic sending of dataisused asabackup
of the event-driven sending, which always is performed. With cyclic sending of data,
the communication can be supervised by a corresponding INTERVAL input on the
Multiple Command function block in another control terminal connected to the LON
bus. ThisINTERVAL input timeisset alittle bit longer than theinterval time set on the
event function block. With INTERVAL=0, only event-driven sending is performed.

Calculations
The event reporting can be set from the PST as:

* Useevent masks
* Report no events
* Report dl events

Use of event masks isthe normal reporting of events, that is, the events are reported as
defined in the database.

An event mask can be set individualy for each available signal in the terminal. The set-
ting of the event mask can only be performed from the PST.

All event mask settings are treated commonly for al communication channels of the
terminal.

Report no events means blocking of all eventsin the terminal.
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Report all events meansthat al events, that are set to OnSet/OnReset/OnChange arere-
ported as OnChange, that is, both at set and reset of the signal. For double indications
when the suppression time is set, the event ignores the timer and is reported directly.
Masked events are still masked.

Parameters to be set for the event function block are:

T_SUPRyy including the suppression time for double indications.

«  NAMEyy including the name for each input.

* PrColxx including the type of protocol for sending the events.

e INTERVAL used for the cyclic sending of data.

« BOUND teling that the block has connectionsto other terminals over the LON bus.

* FuncTEVX (for EVO1-EV06) including the function type for sending events via
|EC 60870-5-103.

* InfoNoyy (for EVO01-EV06) including the information number for the events send-
ing via |EC 60870-5-103.

These parameters are set from the CAP configuration tool. When the BOUND param-
eter is set, the settings of the event masks have no meaning.
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Event counter (CN)

Application

The function consists of six counters which are used for storing the number of times
each counter has been activated. It is aso provided with a common blocking function
for al six counters, to be used for example at testing. Every counter can separately be
set on or off by a parameter setting.

Functionality

The function block has six inputs for increasing the counter values for each of the six
countersrespectively. The content of the counters are stepped one step for each positive
edge of the input respectively. The maximum count up speed is 10 pulses per second.
The maximum counter value is 10 000. For counts above 10 000 the counter will stop
at 10000 and no restart will take place. At power interrupt the counter values are stored.

Thefunction block also hasaninput BLOCK. At activation of thisinput all six counters
are blocked. The input can for example be used for blocking the counters at testing.

All inputs are configured via configuration tool CAP.

Reporting
The content of the counters can beread in thelocal HMI. Refer to Operators manual for
procedure.

Reset of counters can be performed in the local HMI. Refer to Operators manual for
procedure.

Reading of content and resetting of the counters can aso be performed remotely, for
example via SPA-communication.

Calculations

The parametersfor the event counter function are set viathe local HMI or PST (Param-
eter Setting Tool). Refer to the Technical reference manual for setting parameters and
path in local HMI.
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Chapter 11 Monitoring

About this chapter
This chapter describes the monitoring functions.
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LED indication function (HL, HLED)

Application

The LED indication module is an additional feature for the REx 500 terminals for pro-
tection and control and consiststotally of 18 LEDs (Light Emitting Diodes). It islocated
on the front of the protection and control terminal. The main purposeis, to present on
site an immediate visual information on:

e actua signals active (or not active) within the protected bay (terminal).
« aarm signals handled as asimplified alarm system.

» last operation of theterminal. Here we understand the presentation of the signal s ap-
peared during the latest start(s) or trip(s) since the previous information has been
reset.

The user of this information is the technician in substation or the protection engineer
during the testing activities. The protection engineer can aso be able to read the status
of all LEDs over the SMSin his office aswell asto acknowledge/reset them locally or
remotely.

Functionality

Each LED indication can be set individually to operate in six different sequences; two
asfollow type and four as latch type. Two of the latching types are intended to be used
as a protection indication system, either in collecting or re-starting mode, with reset
functionality. The other two are intended to be used as asignaling system in collecting
mode with an acknowledgment functionality.

Priority

Each LED can show green, yellow or red light, each with its own activation input. If
more than one input is activated at the time a priority is used with green as lowest pri-
ority and red as the highest.

Operating modes

Collecting mode

LEDswhich are used in collecting mode of operation are accumulated continuously un-
til the unit is acknowledged manually. This mode is suitable when the LEDs are used
asasimplified alarm system.
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Re-starting mode

In the re-starting mode of operation each new start resets all previous active LEDs and
activates only those which appear during one disturbance. Only LEDs defined for re-
starting mode with the latched sequencetype 6 (L aichedReset-S) will initiate areset and
arestart at anew disturbance. A disturbance is defined to end a settable time after the
reset of the activated input signals or when the maximum time limit has been el apsed.

Acknowledgment/reset

From local HMI

The active indications can be acknowledged/reset manually. Manual acknowledgment
and manual reset have the same meaning and is a common signal for all the operating
sequences and LEDs. The function is positive edge triggered, not level triggered. The
acknowledgment/reset isperformed viathe C-button on the Local HMI according to the
sequence in figure 223.
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Screen scrolling
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indications

Dark
screen

Press button:
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HMI-LEDs

Go to menu
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Figure 223: Acknowledgment/reset from local HMI

From function input

The activeindications can a so be acknowledged/reset from aninput (ACK_RST) tothe
function. Thisinput can for example be configured to a binary input operated from an
external push button. The function is positive edge triggered, not level triggered. This
means that even if the button is continuously pressed, the acknowledgment/reset only

affects indications active at the moment when the button isfirst pressed.

From SMS/SCS

It is also possible to perform the acknowledgment/reset remotely from SMS/SCS. To
do that, the function input (ACK _RST) hasto be configured to an output of acommand
function block (CD or CM). The output from these command function blocks can then
be activated from the SMS/SCS.
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Automatic reset

The automatic reset can only be performed for indications defined for re-starting mode
with the latched sequence type 6 (L atchedReset-S). When the automatic reset of the
LEDs has been performed, still persisting indications will be indicated with a steady
light.

Operating sequences

The sequences can be of type Follow or Latched. For the Follow type the LED follow
the input signal completely. For the Latched type each LED latches to the correspond-
ing input signal until it is reset.

The figures below show the function of available sequences selectable for each LED
separately. For sequence 1 and 2 (Follow type), the acknowledgment/reset function is
not applicable. Sequence 3 and 4 (Latched type with acknowledgement) are only work-
ing in collecting mode. Sequence 5 isworking according to L atched type and collecting
mode while sequence 6 isworking according to L atched type and re-starting mode. The
letters S and F in the sequence names have the meaning S = Steady and F = Flash.

At the activation of the input signal, the indication obtains corresponding color corre-
sponding to the activated input and operates according to the selected sequence dia-
grams below.

In the sequence diagrams the LEDs have the following characteristics:

‘ = No indication O = Steady light @ = Flash
OG: Green OY: Yellow O == Red

en01000227.vsd

Figure 224: Symbols used in the sequence diagrams

Sequence 1 (Follow-S)

This sequencefollows all thetime, with a steady light, the corresponding input signals.
It does not react on acknowledgment or reset. Every LED is independent of the other
LEDsin its operation.
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Figure 225: Operating sequence 1 (Follow-S)

If inputs for two or more colors are active at the same time to one LED the priority is
as described above. An example of the operation when two colors are activated in par-
alel isshown in figure 226.

Activating
sighal GREEN

Activating
signal RED

LED . OG ‘ OG OR OG '

en01000230.vsd

Figure 226: Operating sequence 1, two colors

Sequence 2 (Follow-F)

This sequence is the same as sequence 1, Follow-S, but the LEDs are flashing instead
of showing steady light.

Sequence 3 (LatchedAck-F-S)

This sequence has alatched function and works in collecting mode. Every LED isin-
dependent of the other LEDsin its operation. At the activation of the input signal, the
indication starts flashing. After acknowledgment the indication disappearsif the signal
isnot present any more. If the signal is still present after acknowledgment it gets a
steady light.
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Activating
signal

. eloJeld]0O] e
Acknow. _| _|

en01000231.vsd
Figure 227: Operating sequence 3 (LatchedAck-F-S)

When an acknowledgment is performed, all indications that appear before the indica-

tion with higher priority hasbeen reset, will be acknowledged, independent of if thelow
priority indication appeared before or after acknowledgment. Infigure 228 is shown the
sequence when asignal of lower priority becomes activated after acknowledgment has

been performed on a higher priority signal. Thelow priority signal will be shown as ac-
knowledged when the high priority signal resets.

Activating
signal GREEN

Activating
signal RED

w @[&]0.] O, | @
Acknow. —|

en01000232.vsd

Figure 228: Operating sequence 3, two colors involved

If all three signals are activated the order of priority is still maintained. Acknowledg-

ment of indications with higher priority will acknowledge aso low priority indications
which are not visible according to figure 229.
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signal RED
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Figure 229: Operating sequence 3, three colors involved, alternative 1

If an indication with higher priority appears after acknowledgment of alower priority
indication the high priority indication will be shown as not acknowledged according to
figure 230.

Activating
sighal GREEN

Activating
signal YELLOW

Activating
signal RED

LED ® D OB O] O] @
Acknow. _‘ _|

en01000234.vsd

Figure 230: Operating sequence 3, three colors involved, alternative 2
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Sequence 4 (LatchedAck-S-F)

This sequence has the same functionality as sequence 3, but steady and flashing light
have been alternated.

Sequence 5 (LatchedColl-S)

This sequence has alatched function and worksin collecting mode. At the activation of
the input signal, the indication will light up with a steady light. The difference to se-
guence 3 and 4 isthat indicationsthat are still activated will not be affected by the reset
i.e.immediately after the positive edge of the reset has been executed anew reading and
storing of active signalsis performed. Every LED isindependent of the other LEDsin
its operation.

Activating _|

signal

. elO0Je] O |e
Reset —| |_| —|

en01000235.vsd

Figure 231: Operating sequence 5 (LatchedColl-S)
That meansif an indication with higher priority hasreset while an indication with lower

priority still isactive at the time of reset, the LED will change color according to figure
232.
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Figure 232: Operating sequence 5, two colors

Sequence 6 (LatchedReset-S)

In this mode all activated LEDs, which are set to sequence 6 (LatchedReset-S), are au-
tomatically reset at a new disturbance when activating any input signal for other LEDs
set to sequence 6 (LatchedReset-S). Also in this case indications that are still activated
will not be affected by manual reset, i.e. immediately after the positive edge of that the
manual reset has been executed a new reading and storing of active signalsis per-
formed. LEDs set for sequence 6 are compl etely independent in its operation of LEDs
set for other sequences.

Definition of a disturbance

A disturbance is defined to last from the first LED set as LatchedReset-S is activated
until a settable time, tRestart, has elapsed after that al activating signasfor the LEDs
set as LatchedReset-S have reset. However if al activating signals have reset and some
signal again becomes active before tRestart has elapsed, the tRestart timer does not re-
start the timing sequence. A new disturbance start will be issued first when all signals
have reset after tRestart has elapsed. A diagram of thisfunctionality isshown in figure
233.
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Figure 233: Activation of new disturbance

In order not to have alock-up of the indications in the case of a persisting signal each
LED is provided with atimer, tMax, after which time the influence on the definition of
adisturbance of that specific LED isinhibited. Thisfunctionality isshowni diagramin

figure 234.

Activating signal
GREEN
Activating signal
YE'.‘LO.W - To LED
Activating signal
RED

>1 To disturbance
& ength control

tMax

en01000238.vsd

Figure 234: Length control of activating signals

Timing diagram for sequence 6
Figure 235 shows the timing diagram for two indications within one disturbance.
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Figure 235: Operating sequence 6 (LatchedReset-S), two indications within same dis-

turbance

Figure 236 shows the timing diagram for a new indication after tRestart time has

elapsed.
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Figure 236: Operating sequence 6 (LatchedReset-S), two different disturbances

Figure 237 shows the timing diagram when a new indication appears after the first one
has reset but before tRestart has el apsed.
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Figure 237: Operating sequence 6 (LatchedReset-S), two indications within same dis-
turbance but with reset of activating signal between

Figure 238 shows the timing diagram for manual reset.
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Figure 238: Operating sequence 6 (LatchedReset-S), manual reset

Calculations

The parameters for the LED indication function are set viathe local HMI or PST (Pa-
rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and pathin local HMI.
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Disturbance report (DRP)

Application

Use the disturbance report to provide the network operator with proper information
about disturbances in the primary network. Continuous collection of system data and,
at occurrence of afault, storing of acertain amount of pre-fault, fault and post-fault da-
ta, contributes to the highest possible quality of electrical supply. The stored data can
be used for analysis and decision making to find and eliminate possible system and
eguipment weaknesses.

The function comprises several sub functions enabling different usersto accessrelevant
information in a structured way.

Functionality

The disturbance report is a common name for several facilitiesto supply the operator
with more information about the disturbancesin the system. Some of the facilities are
basic and some are optional inthe different products. For some productsnot al facilities
are available.

The facilitiesincluded in the disturbance report are:

e Genera disturbance information
e Indications

e Event recorder

e Fault locator

* Trip values (phase values)

o Disturbance recorder

The whole disturbance report can contain information for up to 10 disturbances, each
with the data coming from al the parts mentioned above, depending on the optionsin-
stalled. All information in the disturbance report is stored in non-volatile flash memo-
ries. Thisimplies that no information islost in case of loss-of-power supply
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Figure 239: Disturbance report structure

Up to 10 disturbances can always be stored. If anew disturbanceisto be recorded when
the memory isfull, the oldest disturbance is over-written by the new one. The nominal
memory capacity for the disturbance recorder ismeasured with 10 analog and 48 binary
signals recorded, which means that in the case of long recording times, fewer than 10
disturbances are stored. If fewer analog signals are recorded, alonger total recording
timeis available. This memory limit does not affect the rest of the disturbance report.

Disturbance information

The indications, the fault locator result (when applicable), and the trip values are avail -
able on the local HMI. For a compl ete disturbance report, front communication with a
PC or remote communication with SMSisrequired.

Disturbance overview isasummary of all the stored disturbances. The overview is
available only on afront-connected PC or viathe Station Monitoring System (SMS).
The overview contains:

» Disturbance index

+ Dateandtime

e Tripsignas

» Trigger signal that activated the recording

» Distance to fault (requires Fault locator)

» Fault loop selected by the Fault locator (requires Fault locator)

Disturbance Summary is automatically scrolled on the local human-machine interface

(HMI). Here the two latest disturbances (DisturbSummary 1, which isthe latest and
DisturbSummary 2 which is the second latest) are presented with:
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+ Dateandtime
« Selected indications (set with the Indication mask)
» Distance to fault and fault loop selected by the Fault locator

The date and time of the disturbance, thetrigger signal, theindications, thefault locator
result and the trip values are available, provided that the corresponding functions are
installed.

Indications

Indicationsisalist of signals that were activated during the fault time of the distur-
bance. A part (or al) of these signals are automatically scrolled on the local HM1 after
adisturbance.

Event recorder

The event recorder contains an event list with time-tagged events. In the Station Mon-
itoring System, thislist is directly connected to a disturbance.

Fault locator

Thefault locator containsinformation about the distance to the fault and about the mea-
suring loop that was sel ected for the calculation. After changing the system parameters
in the terminal, arecalculation of the distance to the fault can be made in the protection

Trip values

Trip values includes phasors of currents and voltages before the fault and during the
fault

Disturbance recorder

The disturbance recorder records analog and binary signal data before, during and after
the fault.

Recording times

The disturbance report records information about a disturbance during a settable time-
frame. Therecording times are valid for the whol e disturbance report. The disturbance
recorder and the event recorder register disturbance dataand events during ¢Recording,
the total recording time. Indications are only registered during the fault time.

The total recording time, tRecording, of arecorded disturbanceis:

tRecording =  tPre + tFault + tPost or tPre + tLim, depending on which criterion stops the
current disturbance recording
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Table 18: Definitions

1 Pre-fault or pre-trigger recording time. The time before the fault including
the operate time of the trigger. Use the setting tPre to set this time.

2 Fault time of the recording. The fault time cannot be set. It continues as
long as any valid trigger condition, binary or analog, persists (unless limited
by tLim the limit time).

3 Post fault recording time. The time the disturbance recording continues
after all activated triggers are reset. Use the setting tPost to set this time.

tLim Limit time. The maximum allowed recording time after the disturbance
recording was triggered. The limit time is used to eliminate the conse-
guences of a trigger that does not reset within a reasonable time interval. It
limits the maximum recording time of a recording and prevents subsequent
overwriting of already stored disturbances.Use the setting tLim to set this
time.

Figure 240: The recording times definition

Analog signals

Up to 10 analog signals (five voltages and five currents from the transformer modul €)
can be selected for recording and triggering if the disturbance recorder function isin-

stalled. If fewer than 10 signal s are selected, the maximum storing capacity in theflash
memories, regarding total recording time are increased.

A user-defined name for each of the signals can be programmed in the terminal.
For each of the 10 analog signals, Operation = On meansthat it is recorded by the dis-
turbance recorder. The trigger is independent of the setting of Operation, and triggers

evenif operation is set to Off. Both undervoltage and overvoltage can be used astrigger
condition. The same applies for the current signals.
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The check of thetrigger condition is based on peak-to-peak values. When thisisfound,
the absolute average val ue of these two peak valuesis calculated. If the average value
is above the threshold level for an overvoltage or overcurrent trigger, this trigger isin-
dicated with a greater than (>) sign with the user-defined name.

If the average value isbelow the set threshold level for an undervoltage or undercurrent
trigger, thistrigger isindicated with aless than (<) sign with its name. The procedure
is separately performed for each channel.

This method of checking the analog start conditions gives afunction which is insensi-
tiveto DC offset inthe signal. The operate time for this start istypically in the range of
one cycle, 20 msfor a’50 Hz network.

The analog signals are presented only in the disturbance recording, but they affect the
entire disturbance report when being used as triggers.

Binary signals

Up to 48 binary signals can be selected from the signal list, where all available signals
are grouped under each function. The 48 signals can be selected from internal logical
signals and binary input signals. Each of the 48 signals can be selected as a trigger of
the disturbance report. It is also possible to set if the trigger should be activated on a
logic 1 or alogic 0. A binary signal can be selected to activate the red LED on thelocal
HMI.

A user-defined name for each of the signals can be programmed in the terminal.

The selected 48 signalsare presented in the event list and the disturbance recording. But
they affect the whole disturbance report when they are used as triggers.

The indications, that are to be automatically scrolled on the HM 1 when a disturbance
has been recorded are also selected from these 48 signals with the HMI Indication
Mask.

Trigger signals

Thetrigger conditions affect the entire disturbancereport. Assoon asatrigger condition
isfulfilled, a complete disturbance report is recorded. On the other hand, if no trigger
condition isfulfilled, there is no disturbance report, no calculation of distance to fault,
no indications, and so on. This implies the importance of choosing the right signals as
trigger conditions.

A trigger can be of type:

e Manual trigger
* Binary-signal trigger
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» Analog-signal trigger (over/under function)

Manual trigger

A disturbance report can be manually triggered from the local HM 1, a front-connected
PC, or SMS. When the trigger is activated, the manual trigger signal is generated. This
feature is especially useful for testing. Refer to Operators manual for procedure.

Binary trigger
Any binary signal state (logic one or alogic zero) can be selected to generate atrigger.
The binary signal must remain in a steady state for at least 15 msto be valid.

When abinary signal is selected to generate atrigger from alogic zero, the selected sig-
nal will not be listed in the indications list of the disturbance report.

Analog trigger

All analog signals are available for trigger purposes, no matter if they are recorded in
the disturbance recorder or not. But the disturbance recorder function must be installed
in the termindl.

Retrigger

Under certain circumstances the fault condition may reoccur during the postfault re-
cording, for instance by automatic reclosing to astill faulty network. In order to capture
the new fault it is possible to allow retriggering during the PostFault recording.

Calculations

The parametersfor the disturbance report function are set viathelocal HMI or PST (Pa-
rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and pathin local HMI.

The settings include:

Operation Disturbance Report (On/Off)

ReTrig Re-trigger during post-fault state (On/Off)

SequenceNo Sequence number (0-255) (normally not necessary to set)
RecordingTimes Recording times for the Disturbance Report and the event/indication

logging, including pre-fault time, post-fault time, and limit time for the
entire disturbance
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BinarySignals Selection of binary signals, trigger conditions, HMI indication mask
and HMI red LED option
AnalogSignals Recording mask and trigger conditions
FaultLocator Distance measurement unit (km/miles/%)

km or miles selected under line reference

User-defined names of analog input signals can be set.

The user-defined names of binary signals can be set with the CAP configuration tool.

The analog and binary signals appear with their user-defined names.

Settings during normal conditions

Table 19: How the settings affect different functions in the disturbance report

HMI Function Distur- Distur- Indica- | Event | Trip Fault
Setting bance bance tions list values | loca-
summary | recorder (SMS) tor
menu (on HMI)
Operation | Operation (On/Off) | Yes Yes Yes Yes Yes Yes
Record- Recording times No Yes No Yes No No
ing times | (tPre, tPost, tLim)
Binary sig- | Trigger operation Yes Yes Yes Yes Yes Yes
nals and trigger level
Indication mask Yes No No No No No
(for automatic
scrolling)
Analog Operation (On/Off) | No Yes No No Yes Yes
signals .
'9 Trigger over/under | Yes Yes Yes Yes Yes Yes
function
Fault Fault locator set- No No No No No Yes
Locator tings (Distance
Unit)
Operation

Operation can be set to On or Off. If Off is selected, note that no disturbance report is
registered, including indications, fault locator, event recorder, and disturbance recorder.
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Operation = Off:

» Disturbances are not stored.
» LED information (yellow - start, red - trip) is not stored or changed.
* No disturbance summary is scrolled on the local HMI.

Operation = On:

» Disturbances are stored, disturbance data can be read from the local HM| and from
afront-connected PC or Station Monitoring System (SMS).

* LED information (yellow - start, red - trip) is stored.

» Thedisturbance summary isautomatically scrolled on thelocal HMI for thetwo lat-
est registered disturbances, until cleared.

Post re-trigger can be set to On or Off

Postretrig = On:

Re-trigger during the set post-fault time is enabled.
Postretrig = Off:

Re-trigger during the set post fault time is not accepted.

Sequence number

Normally, this setting option is seldom used. Each disturbance is assigned a number in
the disturbance report. The first disturbance each day normally receives SequenceNo =
0. Thevaue of SequenceNo that can beread in the service report isthe number that will
be assigned to the next disturbance registered during that day.

In normal use, the sequence number isincreased by one for each new disturbance until
it isreset to zero each midnight.

Recording times

The different recording timesfor the disturbance report are set (the pre-fault time, post-
fault time, and limit time). These recording times affect the disturbance recorder and
event recorder functions. The total recording time, tRecording, of arecorded distur-
banceis:

tRecording = tPre + tFault + tPost, or tPre + tLim, depending on which criterion stops the
current disturbance recording.
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Binary signals

Up to 48 binary signals can be selected from the signal list, where all available signals
are grouped function by function. The 48 signals can be selected among internal logical
signals and binary input signals. Each selected signal is registered by the disturbance
recorder, event recorder, and indication functions during arecording. The CAP config-
uration tool is used to configure the signals.

A user-defined name for each of the signals can be entered. This name can comprise up
to 13 characters and is set with the CAP configuration tool.

For each of the 48 signals, it isalso possible to select if the signal isto be used asatrig-
ger for the start of the disturbance report (7rigOperation), and if the trigger should be
activated at alogica 1 or Olevel (TrigLlevel).

Theindicationsin the disturbance summary, that are automatically scrolled onthe HMI
when a disturbance is registered, are also selected from these 48 signals using the indi-
cation mask.

Analog signals

For each of the 10 analog signals (five voltages and five currents), Operation = On
meansthat it isrecorded by the disturbance recorder. If fewer than 10 signals are sel ect-
ed, the maximum storing capacity in the flash memories for total recording time be-
comes longer.

Both undervoltage and overvoltage can be used as trigger condition. The same applies
for the current signals. The trigger is independent of the setting of Operation and trig-
gerseven if Operation = Off.

A user-defined name for each of the analog input signals can be entered. It can consist
of up to 13 charactersand isagenera setting valid for all relevant functions within the
terminal.

Behavior during test mode

When theterminal is set to test mode, the behavior of the disturbance report can be con-
trolled by the test mode disturbance report settings Operation and DisturbSummary
available on the local HMI.

The impact of the settings are according to the following table:
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Table 20: Disturbance report settings

Operation | Disturb- Then the results are...
Summary

Off Off « Disturbances are not stored.
e LED information is not displayed on the HMI and not stored.
* Nodisturbance summary is scrolled on the HMI.

Off On » Disturbances are not stored.
* LED information (yellow - start, red - trip) are displayed on the
local HMI but not stored in the terminal.
« Disturbance summary is scrolled automatically on the local
HMI for the two latest recorded disturbances, until cleared.
e The information is not stored in the terminal.

On On or Off e The disturbance report works as in normal mode.

» Disturbances are stored. Data can be read from the local HMI,
a front-connected PC, or SMS.- LED information (yellow - start, red
- trip) is stored.

e The disturbance summary is scrolled automatically on the
local HMI for the two latest recorded disturbances, until cleared.

e All disturbance data that is stored during test mode remains in
the terminal when changing back to normal mode.
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Indications

Application

The indications from all the 48 selected binary signals are shown on the local human-
machineinterface (HMI) and on the Station Monitoring System (SMS) for each record-
ed disturbancein the disturbance report. The LEDs on the front of the terminal display
start and trip indications.

Functionality

The indications shown on the HMI and SM S give an overview of the status of the
48 event signals during the fault. The indications for each recorded disturbance are pre-
sented on the HMI.

All selected signals can be internally produced signals or emerge from binary input
channels.

The indications are registered only during the fault time of arecorded disturbance, as
long as any trigger condition is activated. A part or all of these indications can be auto-
matically scrolled on the local HMI after adisturbanceisrecorded, until acknowledged
with the C button on the HMI. They are selected with the indication mask.

The signa name for internal logical signals presented on the screen follows the signal
name, which can be found in the signal list in each function description of the “ Techni-
cal reference manual”. Binary input signals are displayed with their user-defined
names.

The LED indications display thisinformation:

Green LED:

*  Steady light In Service

e Flashing light Internal fail, the INT--FAIL internal signal is high
« Dark No power supply
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Yellow LED:

»  Steady light A disturbance report is triggered

e Flashing light The terminal is in test mode or in configuration mode

Red LED:

»  Steady light Trig on binary signal with HMI red LED option set

e Flashing light The terminal is in configuration mode
Calculations

The parametersfor the disturbance report function are set viathelocal HMI or PST (Pa-
rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and pathin local HMI.
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Disturbance recorder

Application

Use the disturbance recorder to achieve a better understanding of the behavior of the
power network and related primary and secondary equipment during and after a distur-
bance. An analysis of the recorded data provides val uable information that can be used
to improve existing equipment. This information can also be used when planning for
and designing new installations.

The disturbance recording function in the REx 5xx terminals is characterized by great
flexibility as far as starting conditions and recording times, and large storage capacity
are concerned. Thus, the disturbance recorders are not dependent on the operation of
protective functions, and they can record disturbances that were not discovered by pro-
tective functions for one reason or another.

The disturbance recording function in the REx 5xx terminalsis fully adequate for the
recording of disturbances for the protected object.

Use available software tools to retrieve the recordings and the evaluation software RE-
VAL to analyze, evaluate and print recordings.

Functionality

Disturbance recording is based on the continuous collection of network data, analog
values and binary signals, in acyclic buffer. The buffer operates according to the FIFO
principle, old datawill be overwritten as new data arrives when the buffer isfull. The
size of this buffer is determined by the set pre-fault recording time.

(Store recording,active triggers must reset)

tLim
@—fault )) ( Fault>
trig-on

(New recording started)

tPost or
tLim
(Store recording)

trig-off

(All triggers) trig-on

(New recording started,
Store previous recording)

99000313.vsd
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Upon detection of afault condition (triggering), the data storage continues in another
part of the memory. The storing goes on as long as the fault condition prevails - plusa
certain additional time. The length of this additional part is called the post-fault time
and it can be set in the disturbance report. The above mentioned two partsform adis-
turbance recording. The whole memory acts as a cyclic buffer and when it isfull, the
oldest recording is overwritten.

A user-defined name for each of the signals can be programmed in the terminal.

Recording Capacity

The recording function can record all analog inputs in the transformer module and up
to 48 binary signals. To maximise the use of the memory, the number of analog chan-
nelsto be recorded is user-sel ectable by programming and can be set individually for

each analog input. The recorded binary signal s can be either true binary input signals or
internal logical signals created by the functions.

Memory capacity

The maximum number of recordings stored in the memory is 10. So depending on the
set recording times and the recording of the enabled number of channels, the memory

can contain aminimum of six and amaximum of 10 disturbance recordings comprising
of both header part and data part. But the header part for the last 10 recordingsisaways
available.

Time tagging

Theterminal has abuilt-in, real-time clock and calendar. Thisfunction isused for time
tagging of the recorded disturbances. The time tagging refers to the activation of the
trigger that starts the disturbance recording.

Signal processing

The processing of analog signalsis handled by a dedicated DSP (digital signal proces-
sor). Other functions are implemented in the main CPU. The memory is shared with
other functions.

The numerical signals coming from the A/D conversion module in serial form are con-
verted to parallel form in a dedicated DSP. The analog trigger conditions are also
checked in the DSP.

A check of the start conditionsis performed by searching for amaximum value. Thisis
apositive peak. The function also seeks a minimum value, which is the negative peak.

When thisisfound, the absolute average value is calculated. If thisvalueis above the

set threshold level for the overfunction on the channel in question, an overfunction start
on that channel isindicated. The overfunction isindicated with a greater than (>) sign.
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Similarly, if the average value is below the set threshold level for underfunction on the
channel in question, an underfunction start on that channel isindicated. The underfunc-
tion isindicated with aless than (<) sign.

The procedure is separately performed for each channel. This method of checking the
analog start conditions givesafunction that isinsensitiveto DC offset inthesignal. The
operating timefor this start istypically in the range of one cycle, 20 msin a 50 Hz net-
work.

The numerical data, along with the result of the trigger condition evaluation, are trans-
mitted to the main CPU. The main CPU handles these functions:

* Evaluation of the manual start condition

« Evaluation of the binary start condition, both for true binary input signals and for
internally created logical signals

» Storage of the numerical values for the analog channels

The numerical datafor the analog channels are stored in a cyclic pre-fault bufferin a
RAM. When atrigger is activated, the data storage is moved to another areain the
RAM, wherethe datafor thefault and the subsequent post-fault period are stored. Thus,
a compl ete disturbance recording comprises the stored data for the pre-fault, fault, and
post-fault period.

The RAM areafor temporary storage of recorded dataisdivided into sub-areas, one for
each recording. The size of a subareais governed by the sum of the set pre-fault (tPre)
and maximum post-trigger (tLim) time. There is a sufficient memory capacity for at
least four consecutive recordings with amaximum number of analog channelsrecorded
and with maximum time settings. Should no such area be free at the time of anew trig-
ger, the oldest recording stored in the RAM is overwritten.

When arecording is completed, a post recording processing occurs.
This post-recording processing comprises:

» Merging the data for analog channels with corresponding data for binary signals
stored in an event buffer

» Compression of the data, which is performed without losing any data accuracy
»  Storing the compressed datain a non-volatile memory (flash memory)

The recorded disturbance is now ready for retrieval and evaluation. The recording com-
prisesthe stored and time-tagged disturbance data along with relevant data from the da-
tabase for configuration and parameter set-up.
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Some parameters in the header of arecording are stored with the recording, and some
areretrieved from the parameter database in connection with adisturbance. Thismeans
that if a parameter that is retrieved from the parameter database was changed between
the time of recording and retrieval, the collected information isnot correct in all parts.
For this reason, all recordings should be transferred to the Station Monitoring System
(SMS) workstation and then deleted in the terminal before any such parameters are
changed.

Design

The recordings can be divided into two parts, the header and the data part. The data part
contains the numerical values of recorded analog and binary channels. The header con-
tains clearly written basic information about the disturbance. A part of thisinformation
isalso used by REV AL to reproduce the analog and binary signalsin acorrect and user-
friendly way. Such information is primary and secondary instrument transformer rat-
ings.

Table 21: Disturbance header

Parameter Parameter data- Stored with distur-
base ance

General

Station, object and ID X

Date and time X

Sequence number X

CT earthing X

Time synchronization source X

Collection window parameters X

tPre, tPost, tLim

Prefault phase-to-phase voltage X
and current RMS values

Trig signal and test flag X

Analog signals

Signal name X

Primary and secondary instrument | x
transformer rating

Undertrig: level and operation X

Overtrig: level and operation X
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Parameter Parameter data- Stored with distur-
base ance

Undertrig status at time of trig X

Overtrig status at time of trig X

Instantaneous phase voltage at X

time of trig

Instantaneous phase current at X

time of trig

Phase voltage and phase current X

before trig (prefault)

Phase voltage and phase current X
after trig (fault)

Binary signals

Signal name X
Type of contact (trig level) X

Trig operation X

Signal status at time of trig X
Trig status at time of trig X

Calculations

The parameters specific for the disturbance recording function are set viathe local HMI
or PST (Parameter Setting Tool). Refer to the Technical reference manual for setting
parameters and path in local HMI.

Thelist of parametersin the“ Technical reference manual”, explainsthe meaning of the
abbreviations used in connection with setting ranges.

Remember that values of parameters set el sewhere in the menu tree are linked to the
information on arecording. Such parameters are, for example, station and object iden-
tifiers, CT and PT ratios.

The sequence number of the recordings is a specific parameter for the disturbance re-
corder and is used to identify the different recordings. By combining the date and the
sequence number for a recording, the recording can be uniquely identified.
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The read value on the local human-machine interface (HMI) display is the sequence
number that the next recorded disturbance receives. The number is automatically in-
creased by one for each new recording and is reset to zero at each midnight. The se-
guence number can also be set manually.
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Event recorder

Application

When using a front-connected PC or Station Monitoring System (SMS), an event list
can be available for each of the recorded disturbancesin the disturbance report. Each
list can contain up to 150 time-tagged events. These events are logged during the total
recording time, which depends on the set recording times (pre-fault, post-fault and limit
time) and the actual fault time. During this time, the first 150 events for al the 48 se-
lected binary signals are logged and time tagged. Thislist isauseful instrument for
evaluating afault and is a complement to the disturbance recorder.

To obtain this event list, the event recorder function (basic in some terminals and op-
tional in others) must be installed.

Functionality

When one of the trig conditions for the disturbance report is activated, the events are
collected by the main processing unit, from the 48 selected binary signals. The events
can come from both internal logical signals and binary input channels. Theinternal sig-
nalsaretimetagged in the main processing modul e, whilethe binary input channelsare
time tagged directly on each I/0 module. The events are collected during the total re-
cording time, tRecording, and they are stored in the disturbance report memory at the
end of each recording.

The name of the binary input signal that appearsin the event list is the user-defined
name that can be programmed in the terminal.

The time tagging of events emerging from internal logical signals and binary input
channels has aresolution of 1 ms.

Calculations

The parametersfor the event recorder function are set viathelocal HMI or PST (Param-
eter Setting Tool). Refer to the Technical reference manual for setting parameters and
path in local HMI.

The settings of the event recorder consist of the signal selection and the recording times.
It is possible to select up to 48 binary signals, either internal signals or signals coming
from binary input channels. These signals coincide with the binary signals recorded by
the disturbance recorder. The disturbance summary indications that are to scroll auto-

matically on thelocal human-machineinterface (HMI), can only be selected from these
48 event channels.
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Each of the up to 48 event channels can be selected from the signal list, consisting of
all available internal logical signals and all binary input channels.

For each of the binary input and output signals, a user-defined name can be pro-
grammed.
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Fault locator (FLOC)

Application

The main objective of line protection and monitoring terminalsis fast, selective and re-
liable operation for faults on a protected line section. Besides this, information on dis-
tance to fault is very important for those involved in operation and maintenance.
Reliable information on the fault location greatly decreases the downtime of the pro-
tected lines and increases the total availability of a power system.

The distance to the fault, which is cal culated with a high accuracy, is stored for the last
ten recorded disturbances. This information can be read on the HMI or transferred via
serial communication within the Station Monitoring System (SMS) or Station Control
System (SCS).

Thedistance to fault can be recal cul ated for the latest 10 disturbances by using the mea-
suring algorithm for different fault loops or for changed system parameters.

Functionality

Distance-to-fault locator

The distance-to-fault locator (FLOC-) in the REx 5xx terminalsis an essential comple-
ment to different line protection functions, since it measures and indicates the distance
to the fault with great accuracy. Thus, the fault can be quickly located for repairs.

The calculation algorithm considers the effect of load currents, double-end infeed and
additional fault resistance.

The function indicates the distance to the fault as a percentage of the line length, in ki-
lometers or miles as selected on the HMI.

The accuracy of measurement depends somewhat on the accuracy of the system param-
eters as entered into REx 5xx (for exampl e source impedances at both ends of the pro-
tected line). If some parameters have actually changed in asignificant manner relative
to the set values, new values can be entered locally or remotely and a recal culation of
thedistanceto thefault can be ordered. In thisway, amore accurate location of the fault
can be achieved.

In order to compensate for the influence of the zero-sequence mutual impedance ZmO
on the distance-to-fault calculation in case of faults on double circuit lines, the terminal
has a special current transformer input for the residual current from the parallel line.
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Any start of the disturbance reporting unit also starts the operation of the FL OC- func-
tion. The distance to the fault automatically appears onthelocal HMI, if thefaultisalso
detected by the phase sel ection elementswithin theterminal. The currents and voltages
before and during the fault are available via SCS/SMS. The terminal saves, in any other
case, the pre-fault and fault values of currents and voltagesfor a particular disturbance.
At any timeacalculation of the distanceto fault for aselected fault loop can beinitiated
manually.

Theinformation on distanceto fault automatically appears on thelocal HMI for thefirst
fault only, if more than one fault appears within atime shorter than 10 seconds. Auto-
matic reclosing on persistent faults enables this. In such acase the first set of datais
more accurate than the second set. The unit also stores the phasors of currents and volt-
ages for the last faults. A calculation can beinitiated locally or remotely.

The percentage value is a so binary coded, thus the distance to fault value can also be
read on binary outputs of the terminal.

Additional information is specified in symbols before the distance-to-fault figure:

* A non-compensated model was used for calculation
E Error, the fault was found outside the measuring range
> The fault is located beyond the line, in forward direction

Two signs can be combined, for example, *>

Measuring principle

For transmission lines with voltage sources at both line ends, the effect of double-end
infeed and additional fault resistance must be considered when cal culating the distance
to the fault from the currents and voltages at one line end. If thisis not done, the accu-
racy of the calculated figure will vary with the load flow and the amount of additional
fault resistance.

The calculation algorithm used in the distance-to-fault locator in REx 5xx line-protec-

tion terminals compensates for the effect of double-end infeed, additional fault resis-
tance and load current.
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6.3.1 Accurate algorithm for measurement of distance to fault

Figure 241 shows a single-line diagram of asingle transmission line, that is fed from
both ends with source impedances Z, and Zg. Assume, that the fault occurs at adis-
tance F from terminal A on aline with the length L and impedance Z, . The fault resis-
tance is defined as Rg. A single-line model is used for better clarification of the
algorithm.

xx01000171.vsd

Figure 241: Fault on transmission line fed from both ends.

From figure 241 it is evident that:

UA = IAEpEZL+|FERF
(Equation 367)

Where:

In is the line current after the fault, that is, pre-fault current plus current
change due to the fault,

I is the fault current and

is a relative distance to the fault

The fault current is expressed in measurable quantities by:
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| = kA
F DA
(Equation 368)
Where:
=N is the change in current at the point of measurement, terminal A and
Da is a fault current-distribution factor, that is, the ratio between the fault cur-

rent at line end A and the total fault current.

For asingle line, the value is equal to:

D, = (1-p)Z, +Zg
A= TS5
Zp+Z +Zg
(Equation 369)

In case of phase short circuits, the change in the line currentsis used directly. For earth
faults, the better defined positive-sequence quantities, which eliminate the influence of
the zero sequence currents of the network are used.

Thus, the general fault location equation for asinglelineis:

lea
Up = AP 2 + =R
A

(Equation 370)

Table 22: Expressions for UA, I, and Ig, for different types of faults

Fault type: UA IA IFA

L1-N Upia ILia + Ky X Ina 3
5 *B(L1a=1oa)

L2-N Uioa lLoa + Kn X Ina 3
5 %Dl 2a=Ton)

L3-N Uiaa ILza + Ky X INa 3
5 % Al3a=loa)
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Fault type: UA A IFa
L1-L2-13, L1-L2,L1- | U qa-Upoa IL1a - li2a
Lo-N AIL1L2A
L2-13, L2-L3-N Upoa-Uiaa IL2a - IL3a Al 53
L3-L1, L3-L1-N Upsa-ULia Iz - IL1a Al 314

The Ky complex quantity for zero-sequence compensation for the single line is equal
to:

Ko = ZoL—ZyL
N 3Z,
(Equation 371)

Al isthe changein current, that isthe current after the fault minusthe current before the
fault.

In the following, the positive sequence impedance for Z,, ZB and Z;_ isinserted into
the equations, because this is the value used in the agorithm.

For double lines, the fault equation is:

lea
Up = 'AEPDZ1L+5; R+ lgp g

(Equation 372)

Where:

lop is a zero sequence current of the parallel line,

Zom is a mutual zero sequence impedance and

Da is the distribution factor of the parallel line, which is:

b, = (L-p)AZp+2Zp +2Zg)+ Zg
AT 2Zp\+Z +2 Zg

(Equation 373)

The Ky compensation factor for the double line becomes:
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ZOL_ZlL+ ZOM IOP
3 EZlL 3 |:ZlL 0A

Ky =

(Equation 374)

From these equations it can be seen, that, if Z,,, = O, then the general fault location
equation for asingle line is obtained. Only the distribution factor differsin these two

cases.

Because the D, distribution factor according to equation 370 or 373 is afunction of p,
the general equation 372 can be written in the form:

p°—p K, +K,—K5[Re = 0
(Equation 375)

Where;

(Equation 376)

(Equation 377)

(Equation 378)

* Zppp =Zp + Zg for parald lines.

* la, Ipa @d Up aregiven in the above table.

» KN iscalculated automatically according to equation 374.
» Zpa,Zp, 2|, Zg and Zgy, are setting parameters.
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For asingle line, ZOM = 0 and ZADD = 0. Thus, equation 375 applies to both single
and parallel lines.

Equation 375 can be divided into real and imaginary parts:

p” —p [Re(K,) + Re(K,) - Rg [(Re(Ky) = 0
(Equation 379)

—p Om OKy) +Im OK,) -Re Om HK3) =0
(Equation 380)

If theimaginary part of K3 isnot zero, Rg can be solved according to equation 380, and
then inserted to equation 379. According to equation 379, the relative distance to the
fault is solved as the root of a quadratic equation.

Equation 379 gives two different values for the relative distance to the fault as a solu-
tion. A simplified load compensated algorithm, that gives an unequivocal figurefor the
relative distance to the fault, is used to establish the value that should be selected.

If the load compensated algorithms according to the above do not give areliable solu-
tion, alessaccurate, non-compensated impedance model isused to calculatetherelative
distance to the fault.

The non-compensated impedance model

In the non-compensated impedance model, | o line current is used instead of |- fault
current:

Upa = PEZy Ha+ Rely

(Equation 381)

Where:

Ia is according to table 22.

The accuracy of the distance-to-fault calculation, using the non-compensated impe-
dance model, isinfluenced by the pre-fault load current. So, this method is only used if
theload compensated model s do not function and the display indicates whether the non-
compensated model was used when cal culating the distance to the fault.
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6.5

Design

When calculating the distance to fault, pre-fault and fault phasors of currents and volt-
ages are filtered from disturbance data stored in digital sample buffers.

When the disturbance report function istriggered, thefault locator function startsto cal-
culate the frequency of the analog channel U1. If the calculation fails, adefault frequen-
cy isread from the database to ensure further execution of the function.

Then the sample for the fault interception is looked for by checking the non-periodic
changes. The channel search order isU1, U2, U3, 11, 12, 13, 14, 15 and U5.

If no error sample isfound, the trig sample is used as the start sample for the Fourier
estimation of the complex values of currents and voltages. The estimation uses samples
during one period beforethetrig sample. In this case the cal culated val ues are used both
as pre-fault and fault values.

If an error ssmpleisfound the Fourier estimation of the pre-fault values starts 1.5 period
before the fault sample. The estimation uses samples during one period. The post-fault
valuesare cal culated using the Recursive L east Squares (RLS) method. The calculation
starts afew samples after the fault sample and uses samples during 1/2 - 2 periods de-
pending on the shape of the signals.

The pre-fault time (tPre) should be at least 0.1 sto ensure enough samples for the esti-
mation of pre-fault trip values.

The phase selectors from the distance protection function provide the necessary infor-
mation for the selection of the loop to be used for the calculation. The following loops
are used for different types of faults:

o for 3 phasefaults: loop L1 - L2.

» for 2 phase faults: the loop between the faulted phases.

» for 2 phaseto earth faults: the loop between the faulted phases.
» for phaseto earth faults: the phase to earth loop.

Calculations

The parameters for the fault locator function are set viathe local HMI or PST (Param-
eter Setting Tool). Refer to the Technical reference manual for setting parameters and
path in local HMI.
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Thelist of parameters (seethe setting parametersin the Technical reference manual) ex-
plains the meaning of the abbreviations._Figure 242 also presents these system param-
eters graphically. Note, that all impedance values relate to their secondary values and
to the total length of the protected line. The conversion procedure follows the same
rules as for the distance-protection function.

R0L+J:XOL
Ry Xy,
—
L |

R1A+jxlA X RlB+leB
(OO (ZanZon o 0
LI
R0L+J_XOL
RycHXy, €n01000131.vsd

Figure 242: Simplified network configuration with network data, required for settings
of the fault location-measuring function.

For asingle-circuit line, the figures for mutual zero-sequence impedance (X gy, Rowm)
are set at zero.

The source impedance is not constant in the network. However, thishasanegligiblein-
fluence on the accuracy of the distance-to-fault cal culation, because only the phase an-
gle of the distribution factor has an influence on the accuracy. The phase angle of the
distribution factor is normally very low and practically constant, because it is domi-
nated by the positive-sequencelineimpedance, which hasan angle closeto 90°. Always
set the source impedance resistance to values other than zero. If the actual values are
not known, the values that correspond to the source impedance characteristic angle of
85° give satisfactory results.
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7.1

7.2

Trip value recorder

Application

The main objective of line protection and monitoring terminalsis fast, selective and re-
liable operation for faults on a protected object. Besides this, information on the values
of the currents and voltages before and during the fault is valuable to understand the se-
verity of the fault.

Thetrip vauerecorder in the REx 5xx series of terminals provides this information on
the HMI and viaSCS/SMS. The function isan optional software modulein theterminal.

The function calcul ates the pre-fault and fault values of currents and voltages and pre-
sents them as phasors with amplitude and argument.

Design

Pre-fault and fault phasors of currents and voltages are filtered from disturbance data
stored in digital sample buffers.

When the disturbance report function istriggered, the trip value recorder function starts
to calculate the frequency of the analog channel U1. If the calculation fails, a default
frequency is read from database to ensure further execution of the function.

Then the sample for the fault interception islooked for by checking the non-periodic
changes. The channel search order isU1, U2, U3, 11, 12, 13, 14, 15 and U5.

If no error sampleisfound, the trig sample is used as the start sample for the Fourier
estimation of the complex values of currents and voltages. The estimation uses samples
during one period beforethe trig sample. In this case the cal cul ated values are used both
as pre-fault and fault values.

If an error sampleisfound the Fourier estimation of the prefault values starts 1.5 period
before the fault sample. The estimation uses samples during one period. The postfault
values are cal culated using the Recursive L east Squares (RL S) method. The calculation
starts afew samples after the fault sample and uses samples during 1/2 - 2 periods de-
pending on the shape of the signals.

The pre-fault time (tPre) should be at least 0.1 sto ensure enough samples for the esti-
mation of pre-fault trip values.
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Calculations

The parametersfor thetrip value recorder function are set viathelocal HMI or PST (Pa-
rameter Setting Tool). Refer to the Technical reference manual for setting parameters
and path in local HMI.

Customer specific namesfor al the ten analog inputs (five currents and five voltages)
can be entered. Each name can have up to 13 a phanumeric characters. These names are
common for all functions within the disturbance report functionality.
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8.1

8.2

Monitoring of AC analog measurements

Application

Fast, reliable supervision of different analog quantitiesis of vital importance during the
normal operation of a power system.

Operators in the control centres can, for example:

» Continuously follow active and reactive power flow in the network
» Supervise the busbar voltage and frequency

Different measuring methods are available for different quantities. Current and voltage
instrument transformers provide the basic information on measured phase currents and
voltages in different points within the power system. At the same time, currents and
voltages serve as the input measuring quantities to power and energy meters, protective
devices and so on.

Further processing of this information occurs within different control, protection, and
monitoring terminal sand within the higher hierarchical systemsin the secondary power
system.

Functionality

The REXx 5xx protection, control, and monitoring terminals have as basic the function-
ality to measure and further processinformation about up to five input currentsand five
input voltages. The number of processed alternate measuring quantities depends on the
type of terminal and built-in options. Additional information is also available:

* Mean values of measured currents| in the first three current measuring channels
(11,12, 13).

* Mean values of measured voltages U in the first three voltage measuring channels
(U1, U2, U3).

» Three-phase active power P as measured by the first three current measuring chan-
nels (11, 12, 13) and the first three voltage measuring channels (U1, U2, U3).

» Three-phase reactive power Q as measured by the first three current measuring
channels (11, 12, 13) and the first three voltage measuring channels (U1, U2, U3).

» Three-phase apparent power S as measured by thefirst three current (11, 12, 13) and
the first three voltage measuring channels (U1, U2, U3).

» Frequency f.
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Theaccuracy of measurement dependson the requirements. Basic accuracy satisfiesthe
operating (information) needs. An additional calibration of measuring channelsis nec-
essary and must be ordered separately when the requirements on accuracy of the mea-
surement are higher. Refer to the technical data and ordering particulars for the
particular terminal.

The information on measured quantitiesis then available for the user at different loca-
tions:

* Locally by means of the local human-machine interface (HMI) unit.
* Locally by means of afront-connected persona computer (PC).

* Remotely over the LON bus to the station control system (SCS)

* Remotely over the SPA port to the station monitoring system (SMS).

User-defined measuring ranges

Each measuring channel has an independent measuring range from the others. This al-
lows the users to select the most suitable measuring range for each measuring quantity
on each monitored object of the power system. This gives a possibility to optimize the
functionality of the power system.

Continuous monitoring of the measured quantity
Userscan continuously monitor the measured quantity in each channel by means of four

built-in operating thresholds (figure 243). The monitoring has two different modes of
operating:

* Overfunction, when the measured current exceeds the HiWarn or HiAlarm pre-set
values.

¢ Underfunction, when the measured current decreases under the LowWarn or Low-
Alarm pre-set values.
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Figure 243: Presentation of the operating limits.

Each operating level hasits corresponding functional output signal:

* HIWARN
« HIALARM
* LOWWARN

* LOWALARM
The logical value of the functional output signals changes according to Figure 243.

The user can set the hysteresis, which determines the difference between the operating
and reset value at each operating point, in wide range for each measuring channel sep-
arately. The hysteresisis common for all operating values within one channel.

Continuous supervision of the measured quantity

The actual value of the measured quantity is available locally and remotely. The mea-
surement is continuous for each channel separately, but the reporting of the value to the
higher levels depends on the sel ected reporting mode. The following basic reporting
modes are available:

» Periodic reporting.

» Periodic reporting with dead-band supervision in parallel.
» Periodic reporting with dead-band supervision in series.

» Dead-band reporting.
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Users can select between two types of dead-band supervision:

*  Amplitude dead-band supervision (ADBS).
e Integrating dead-band supervision (IDBS).

Amplitude dead-band supervision

If ameasuring value is changed, compared to the last reported value, and the changeis
larger than the +/- AY predefined limitsthat are set by user, then the measuring channel
reports the new value to a higher level, if thisis detected by a new measuring sample.
Thislimitstheinformation flow to aminimum necessary. Figure 244 shows an example
of periodic reporting with the amplitude dead-band supervision. The picture is simpli-
fied: the process is not continuous but the values are eva uated with atime interval of
one second from each others.

Y A Value Reported

Value Reported
Value Reported P / i Value Reported

o )

>

99000529.vsd

Figure 244: Amplitude dead-band supervision reporting

After the new value is reported, the +/- AY limits for dead-band are automatically set
around it. The new value isreported only if the measured quantity changes more than
defined by the +/- AY set limits.

Integrating dead-band supervision

The measured value is reported if the time integral of all changes exceeds the pre-set
limit (figure 245), where an example of reporting with integrating dead-band supervi-
sionisshown. The pictureissimplified: the processis not continuous but the values are
evaluated with atime interval of one second from each other.
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The last value reported (Y 1 in figure 245) serves as a basic value for further measure-
ment. A differenceiscalcul ated between thelast reported and the newly measured value
during new sample and is multiplied by the time increment (discrete integral). The ab-
solute values of these products are added until the pre-set valueis exceeded. Thisoccurs
withthevalue Y 2 that isreported and set as anew base for the foll owing measurements
(aswell asfor thevalues Y3, Y4 and Y5).

The integrating dead-band supervision is particularly suitable for monitoring signals
with small variations that can last for relatively long periods.

Ay |A1]>=
|A|>: pre-set value

A2|>=
pre-set value l l

pre-set value

[A3[+ |74 |+ A5 [ A6 frAT[>=
pre-set valu’e/
2/16;"38 Reported ‘>| Value Y4 3 A W
alue Reported f Y5
Reported Value
\ Reported value

Y1

Reported

"t

99000530.vsd

Figure 245: Reporting with integrating dead-band supervision.

Periodic reporting

The user can select the periodic reporting of measured value in time interval s between
1 and 3600 s. The measuring channel reports the value even if it has not changed for
more than the set limits of amplitude or integrating dead-band supervision. To disable
periodic reporting, set the reporting time interval to 0 s (figure 246).
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Figure 246: Periodic reporting.

Periodic reporting with parallel dead-band supervision
The newly measured value is reported:

After each time interval for the periodic reporting expired or
When the new value is detected by the dead-band supervision function.

The amplitude dead-band and the integrating dead-band can be selected. The periodic
reporting can be set in time interval s between 1 and 3600 seconds.
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(*)Set value for t: Repint

Figure 247: Periodic reporting with amplitude dead-band supervision in parallel.

Periodic reporting with serial dead-band supervision

Periodic reporting can operate serial ly with the dead-band supervision. This meansthat
the new valueisreported only if the set time period expired and if the dead-band limit
was exceeded during the observed time (figures 248 and 249). The amplitude dead-

band and the integrating dead-band can be selected. The periodic reporting can be set
in time intervals between 1 and 3600 seconds.

539



Monitoring of AC analog measurements Chapter 11

Monitoring

Y A

Value not Value not
Value Reported Reported Reported
Value Reported

(1st) /
A
/ Value Reported
Vo ] NG
oY

ly Y
DY »
AY 1
Y1 :
\ Y3 i
Lt .ttt it
’ >
— ~ ™ < T} t
) ) () ) )
S S S S S
< < < < <
> > > > > 99000508.vsd

(*)Set value for t: Repint

Figure 248: Periodic reporting with amplitude dead-band supervision in series.
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Figure 249: Periodic reporting with integrating dead-band supervision in series

Combination of periodic reportings

Thereporting of the new value depends on setting parametersfor the dead-band and for
the periodic reporting. Table 23 "Dependence of reporting on different setting parame-

ters:" on page 542 presents the dependence between different settings and the type of

reporting for the new value of a measured quantity.
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Table 23: Dependence of reporting on different setting parameters:

EnDeadB* | EniDeadB* | EnDeadBP*

Replint*

Reporting of the new value

Off Off Off

0

No measured values is reported.

Off On On

>0

The new measured value is reported only
if the time t period expired and if, during
this time, the integrating dead-band limits
were exceeded (periodic reporting with
integrating dead-band supervision in
series).

On Off On

>0

The new measured value is reported only
if the time t period has expired and if, dur-
ing this time, the amplitude dead-band
limits were exceeded (periodic reporting
with amplitude dead-band supervision in
series).

On On On

>0

The new measured value is reported only
if the time t period expired and if at least
one of the dead-band limits were
exceeded (periodic reporting with dead-
band supervision in series).

Off On Off

The new measured value is reported only
when the integrated dead-band limits are
exceeded.

On Off Off

The new measured value is reported only
when the amplitude dead-band limits
were exceeded.

The new measured value is reported only
if one of the dead-band limits was
exceeded.

>0

The new measured value is updated at
least after the time t period expired. If the
dead-band supervision is additionally
selected, the updating also occurs when
the corresponding dead-band limit was
exceeded (periodic reporting with paral-
lel dead-band supervision).

* Please see the setting parameters in the Technical reference manual for further explanation
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Design

The design of the alternating quantities measuring function follows the design of all
REXx 5xx-series protection, control, and monitoring terminal sthat have distributed func-
tionality, where the decision levels are placed as closdly as possible to the process.

The measuring function uses the sameinput current and voltage signal s as other protec-
tion and monitoring functions within the terminals. The number of input current and
voltage transformers depends on the type of termina and options included. The maxi-
mum possible configuration comprises five current and five voltage input channels.

Measured input currents and voltages arefirst filtered in anal og filters and then convert-
ed to numerical information by an A/D converter, which operates with a sampling fre-
quency of 2 kHz.

The numerical information on measured currents and voltages continues over a seria
link to one of the built-in digital signal processors (DSP). An additional Fourier filter
numerically filtersthe received information, and the DSP cal culates the corresponding
values for the following quantities:

» Fiveinput measured voltages (U1, U2, U3, U4, U5), RMS values
» Fiveinput measured currents (11, 12, 13, 14, 15), RMS Values

 Mean RMSvalue, U, of the three phase-to-phase voltages calcul ated from the first
three phase-to-earth voltages U1, U2 and U3

e Mean RMSvalue, |, of thefirst three measured RMSvalues|1, 12, and 13

» Three-phase active power, P, related to the first three measured currents and volt-
ages (11, U1, 12, U2, 13, U3)

e Three-phase, reactive power, Q, related to the first three measured currents and
voltages (11, U1, 12, U2, 13, U3)

» Three-phase apparent power, S, related to thefirst three measured currents and volt-
ages (11, U1, 12,U2, 13, U3)

* Mean vdue of frequencies, f, as measured with voltages U1, U2, and U3

543



Monitoring of AC analog measurements Chapter 11
Monitoring

8.4

544

SCS

S

51—l

HMI

A/ _lpsp PROCESSING —

D > SMS
Y

S

su— 1l

LOGIC

CALIBRATION

99000510.vsd

Figure 250: Simplified diagram for the function

Thisinformation is available to the user for operational purposes.

Calculations

The parameters for the monitoring of AC analog measurements function are set viathe
local HMI or PST (Parameter Setting Tool). Refer to the Technical reference manual
for setting parameters and path in local HMI.

The user can determine the rated parameters for the terminal .

¢ Rated frequency fr

» Position of the earthing point of the main CTs (CTEarth), which determines wheth-
er the CT earthing point is towards the protected object or the busbar

The other basic termina parameters, rel ated to any single analog input, can be set under
the configuration menu.

The user can determine the base values, the primary CTsand VTsratios, and the user-
defined names for the anal og inputs of the terminal.

ul:

* ac voltage base value for analog input Ul: Ulb
» voltage transformer input U1 nominal primary to secondary scale value: U1Scae
« Name (of up to 13 characters) of the analog input U1l: Name

uz:

* ac voltage base value for analog input U2: U2b
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» voltage transformer input U2 nominal primary to secondary scale value: U2Scale
» Name (of up to 13 characters) of the analog input U2: Name

Us3:

» acvoltage base value for analog input U3: U3b
» voltage transformer input U3 nominal primary to secondary scale value: U3Scale
* Name (of up to 13 characters) of the analog input U3: Name

U4:

» acvoltage base value for analog input U4: U4b
» voltage transformer input U4 nominal primary to secondary scale value: U4Scale
* Name (of up to 13 characters) of the analog input U4: Name

U5:

» ac voltage base value for analog input U5: U5b
» voltage transformer input U5 nominal primary to secondary scale value: U5Scale
* Name (of up to 13 characters) of the analog input U5: Name

* ac current base value for analog input 11: 11b
e current transformer input 11 nominal primary to secondary scale value: 11Scale
* Name (of up to 13 characters) of the analog input 11: Name

* ac current base value for analog input 12: 12b
e current transformer input 12 nominal primary to secondary scale value: |2Scale
* Name (of up to 13 characters) of the analog input 12: Name

* accurrent base value for analog input 13: 13b
e current transformer input I3 nominal primary to secondary scale value: 13Scale
* Name (of up to 13 characters) of the analog input 13: Name
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e ac current base value for analog input 14: 14b
e current transformer input 14 nominal primary to secondary scale value: 14Scale
* Name (of up to 13 characters) of the analog input 14: Name

e ac current base value for analog input 15: 15b
e current transformer input I5 nominal primary to secondary scale value: |5Scale
* Name (of up to 13 characters) of the analog input 15: Name

* Name (of up to 13 characters) of the average voltage U: Name

« Name (of up to 13 characters) of the average current |: Name

* Name (of up to 13 characters) of the active power P: Name

« Name (of up to 13 characters) of the reactive power Q: Name

» Name (of up to 13 characters) of the apparent power S: Name

* Name (of up to 13 characters) of the frequency value f: Name

The names of the first 10 quantities automatically appearsin the REVAL evauation
program for each reported disturbance.

The PST Parameter Setting Tool hasto be used in order to set all remaining parameters
that are related to different alternating measuring quantities.

In the settings menu it is possible to set al monitoring operating values and the hyster-
esisdirectly in the basic units of the measured quantities for each channel and for each
guantity.
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The dead-band limits can be set directly in the corresponding units of the observed
quantity for the:

»  Amplitude dead-band supervision (ADBS)
» Integrating dead-band supervision (IDBS)

The IDBS areais defined by the following formula:

_ |DeadB _
IDBS = ReadFreq = |DeadB [is

(Equation 382)

Where:

IDeadB is a set operating value for IDBS in corresponding unit.
ReadFreq is the reading frequency. It has a constant value of 1Hz.

ts = 1/ReadFreq is the time between two samples (fixed to 1s).

The setting value for IDBSis|1DeadB, and is expressed in the measuring unit of the
monitored quantity (kV, A, MW, Mvar, MV A or Hz). Thevalueisreported if thetime
integral areais greater than the value IDBS.

If a0.1 Hz variation in the frequency for 10 minutes (600 s) is the event that should
cause the reporting of the frequency monitored value, than the set value for IDeadB is
60 Hz.

The hysteresis can be set under the setting Hysteres.

Alarm and warning thresholds have to be set respectively under the settings HiAlarm
(LowAlarm) and HiWarn (LowWarn).

Note!

1t is important to set the time for periodic reporting and deadband in an optimized way
to minimize the load on the station bus.
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Monitoring of DC analog measurements

Application

Fast, reliable supervision of different analog quantitiesis of vital importance during the
normal operation of a power system. Operators in the control centres can, for example:

« Continuously follow active and reactive power flow in the network
* Supervise the busbar voltages

e Check the temperature of power transformers, shunt reactors

« Monitor the gas pressure in circuit breakers

Different measuring methods are available for different quantities. Current and voltage
instrument transformers provide the basi c information on measured phase currents and
voltages in different points within the power system. At the same time, currents and
voltages serve as the input measuring quantities to power and energy meters.

Different measuring transducers provide information on electrical and non-electrical
measuring quantities such asvoltage, current, temperature, and pressure. In most cases,
the measuring transducers change the values of the measured quantities into the direct
current. The current value usually changes within the specified mA rangein proportion
to the value of the measured quantity.

Further processing of the direct currents obtained on the outputs of different measuring
converters occurs within different control, protection, and monitoring terminals and
within the higher hierarchical systemsin the secondary power system.

Functionality

The REx 5xx control, protection and monitoring terminal have a built-in option to mea-
sureand further processinformation from 6 up to 36 different direct current information
from different measuring transducers. Six independent measuring channels are located
on each independent mA input module and the REx 5xx terminals can accept from one
up to six independent mA input modules, depending on the case size. Refer to the tech-
nical data and ordering particulars for the particular terminal.

Information about the measured quantities is then available to the user on different |o-
cations:

e Localy by means of the local human-machine-interface (HMI)
e Localy by means of afront-connected persona computer (PC)
* Remotely over the LON bus to the station control system (SCS)
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» Remotely over the SPA port to the station monitoring system (SMS)

User-defined measuring ranges

The measuring range of different direct current measuring channels is settable by the

user independent on each other within the range between -25 mA and +25 mA in steps
of 0.01 mA. Itisonly necessary to select the upper operating limit I_Max higher than
the lower one |_Min.

The measuring channel can have avalue of 2 of thewholerangel Max - |_Min above
the upper limit |_Max or below the lower limit I_Min, before an out-of-range error oc-
curs. This means that with anominal range of 0-10 mA, no out-of-range event will oc-
cur with avalue between -0.2 mA and 10.2 mA.

User can this way select for each measuring quantity on each monitored object of a
power system the most suitable measuring range and this way optimize a complete
functionality together with the characteristics of the used measuring transducer.

Continuous monitoring of the measured quantity

The user can continuously monitor the measured quantity in each channel by means of
six built-in operating limits (figure 251). Two of them are defined by the operating
range selection: |_Max as the upper and |_Min as the lower operating limit. The other
four operating limits operate in two different modes:

» Overfunction, when the measured current exceeds the HiWarn or HiAlarm pre-set
values

» Underfunction, when the measured current decreases under the LowWarn or Low-
Alarm pre-set values
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Figure 251: Presentation of the operating limits

Each operating level hasits corresponding functional output signal:

* RMAXAL

* HIWARN

* HIALARM

* LOWWARN
* LOWALARM
* RMINAL

The logical vaue of the functional output signals changes according to figure 251.

The user can set the hysteresis, which determines the difference between the operating
and reset value at each operating point, in wide range for each measuring channel sep-
arately. The hysteresisis common for all operating values within one channel.

Continuous supervision of the measured quantity

The actual value of the measured quantity is available locally and remotely. The mea-
surement is continuous for each channel separately, but the reporting of the valueto the
higher levels (control processor in the unit, HMI and SCS) depends on the selected re-
porting mode. The following basic reporting modes are available:
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» Periodic reporting

»  Periodic reporting with dead-band supervision in parallel
» Periodic reporting with dead-band supervision in series
» Dead-band reporting

Users can select between two types of dead-band supervision:

*  Amplitude dead-band supervision (ADBS).
» Integrating dead-band supervision (IDBS).

Amplitude dead-band supervision

If the changed value —compared to the last reported value— islarger than the +/- AY
predefined limitsthat are set by users, and if thisisdetected by anew measuring sample,
then the measuring channel reports the new value to a higher level. Thislimitsthe in-

formation flow to a minimum necessary. Figure 252 shows an example of periodic re-
porting with the amplitude dead-band supervision.

The picture is ssimplified: the processis not continuous but the values are evaluated at
time intervals depending on the sampling frequency chosen by the user (SampRate set-

ting).

After the new valueisreported, the new +/- AY limitsfor dead-band are automatically
set around it. The new valueisreported only if the measured quantity changes more
than defined by the new +/- AY set limits.
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Figure 252: Amplitude dead-band supervision reporting

Integrating dead-band supervision

The measured value is updated if the time integral of al changes exceeds the pre-set
limit (figure 253), where an example of reporting with integrating dead-band supervi-
sionisshown. The pictureissimplified: the processis not continuous but the values are
evaluated at time intervals depending on the sampling frequency chosen by the user
(SampRate setting).

The last value reported (Y1 in figure 253) serves as a basic value for further measure-
ment. A differenceis calcul ated between the last reported and the newly measured value
during new sample and is multiplied by the time increment (discrete integral). The ab-
solute values of these productsare added until the pre-set valueisexceeded. Thisoccurs
withthevalue Y 2 that isreported and set as anew base for the following measurements
(aswell asfor thevalues Y3, Y4 and Y5).

The integrating dead-band supervision is particularly suitable for monitoring signals
with low variations that can last for relatively long periods.
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Figure 253: Reporting with integrating dead-band supervision

Periodic reporting

The user can select the periodic reporting of measured value in time interval s between
1 and 3600 s (setting Replnt). The measuring channel reportsthe value eveniif it has not
changed for more than the set limits of amplitude or integrating dead-band supervision
(figure 254). To disable periodic reporting, set the reporting timeinterval to O s.
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Figure 254: Periodic reporting

553



Monitoring of DC analog measurements Chapter 11

Monitoring

554

Periodic reporting with parallel dead-band supervision
The newly measured value is reported:

After each timeinterval for the periodic reporting expired, OR;
*  When the new value is detected by the dead-band supervision function.

The amplitude dead-band and the integrating dead-band can be selected. The periodic
reporting can be set in time intervals between 1 and 3600 seconds.
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Figure 255: Periodic reporting with amplitude dead-band supervision in parallel.

Periodic reporting with serial dead-band supervision

Periodic reporting can operate serially with the dead-band supervision. This meansthat
the new valueisreported only if the set time period expired AND if the dead-band limit
was exceeded during the observed time (figures 256 and 257). The amplitude dead-

band and the integrating dead-band can be selected. The periodic reporting can be set
in time interval s between 1 and 3600 seconds.
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Figure 256: Periodic reporting with amplitude dead-band supervision in series
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Figure 257: Periodic reporting with integrating dead-band supervision in series
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Combination of periodic reportings

Thereporting of the new value depends on setting parametersfor the dead-band and for
the periodic reporting. Table 1 presents the dependence between different settings and
the type of reporting for the new value of ameasured quantity.

Table 24: Dependence of reporting on different setting parameters:

EnDeadB * | EnlDeadB * | EnDeadBP * | Repint * | Reporting of the new value

Off Off Off 0 No measured values is reported

Off On On t>0 The new measured value is reported
only if the time t period expired and if,
during this time, the integrating dead-
band limits were exceeded (periodic
reporting with integrating dead-band
supervision in series)

On Off On t>0 The new measured value is reported
only if the time t period has expired and
if, during this time, the amplitude dead-
band limits were exceeded (periodic
reporting with amplitude dead-band
supervision in series)

On On On t>0 The new measured value is reported
only if the time t period expired and if at
least one of the dead-band limits were
exceeded (periodic reporting with
dead-band supervision in series)

Off On Off 0 The new measured value is reported
only when the integrated dead-band
limits are exceeded

On Off Off 0 The new measured value is reported
only when the amplitude dead-band
limits were exceeded
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EnDeadB * | EnlDeadB * | EnDeadBP * | Repint * | Reporting of the new value

On On Off 0 The new measured value is reported
only if one of the dead-band limits was
exceeded

X X Off >0 The new measured value is updated at

least after the time t period expired. If
the dead-band supervision is addition-
ally selected, the updating also occurs
when the corresponding dead-band
limit was exceeded (periodic reporting
with parallel dead-band supervision)

* Please see the setting parameters in the Technical reference manual for further explanation

Design

The design of the mA input modules follows the design of all REx 5xx-series protec-
tion, control, and monitoring terminal s that have distributed functionality, wherethe de-
cision levels are placed as closely as possible to the process.

Each independent measuring module contains all necessary circuitry and functionality
for measurement of six independent measuring quantities related to the corresponding
measured direct currents.

On the accurate input shunt resistor (R), the direct input current (from the measuring
converter) is converted into a proportional voltage signal (the voltage drop across the
shunt resistor isin proportion to the measured current). Later, the voltage signal is pro-
cessed within one differential type of measuring channel (figure 258).
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Figure 258: Simplified diagram for the function

Themeasured voltageisfiltered by the low-pass analog filter before entering theanalog
to digital converter (A/D). Users can set the sampling frequency of the A/D converter

between 5 Hz and 255 Hz to adapt to different application regquirements as best as pos-
sible.

Thedigital information isfiltered by the digital low-pass filter with the (s nx/x)3 re-
sponse. Thefilter notch frequency automatically foll owsthe sel ected sampling frequen-
cy. Therelation between the frequency corresponding to the suppression of -3 dB and
the filter notch frequency corresponds to the equation:

f agg = 0,262 [F

notch
(Equation 383)

Using optocouplers and DC/DC conversion elements that are used separately for each
measuring channel, the input circuitry of each measuring channel is galvanically sepa
rated from:

* Theinternal measuring circuits
» The control microprocessor on the board

A microprocessor collects the digitized information from each measuring channel. The
MiCroprocessor serves as a communication interface to the main processing module
(MPM).
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All processing of the measured signal is performed on the modul e so that only the min-
imum amount of information is necessary to be transmitted to and from the MPM. The
measuring modul e receivesinformation from the MPM on setting and the command pa-
rameters; it reports the measured values and additional information—according to
needs and values of different parameters.

Each measuring channel is calibrated very accurately during the production process.
The continuous internal zero offset and full-scale calibration during the normal opera-
tion is performed by the A/D converter. The calibration covers almost all analog parts
of the A/D conversion, but neglects the shunt resistance.

Each measuring channel has built in a zero-value supervision, which greatly rejectsthe
noise generated by the measuring transducers and other external equipment. The value
of the measured input current isreported equal to zero (0) if the measured primary quan-
tity does not exceed +/-0.5% of the maximum measuring range.

The complete measuring module i s equipped with advanced self-supervision. Only the
outermost analog circuits cannot be monitored. The A/D converter, optocouplers, digi-
tal circuitry, and DC/DC converters, are al supervised on the module. Over the CAN
bus, the measuring module sends a message to the MPM for any detected errors on the
supervised circuitry.

Calculations
The PST Parameter Setting Tool hasto be used in order to set all the parametersthat are
related to different DC analog quantities.

Users can set the 13 character name for each measuring channel.

All the monitoring operating values and the hysteresis can be set directly in the mA of
the measured input currents from the measuring transducers.

The measured quantities can be displayed locally and/or remotely according to the cor-
responding modules that are separately set for each measuring channel by the users
(five characters).

The relation between the measured quantity in the power system and the setting range

of the direct current measuring channel corresponds to this equation:

Value = ValueMin + (I —IMin) (2lueMax — ValueMin
IMax —IMin

(Equation 384)
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Where:
I_Min is the set value for the minimum operating current of a channel in mA.
|_Max is the set value for the maximum operating current of a channel in mA.
ValueMin is the value of the primary measuring quantity corresponding to the set value of
minimum operating current of a channel, |_Min.
ValueMax is the value of the primary measuring quantity corresponding to the set value of
maximum operating current of a channel, I_Max.
Value is the actual value of the primary measured quantity.

Figure 259 showsthe relationship between the direct mA current | and the actual value
of the primary measured quantity, Value.
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Figure 259: Relationship between the direct current (1) and the measured quantity pri-
mary value (Value)

The dead-band limits can be set directly in the mA of the input direct current for:

*  Amplitude dead-band supervison ADBS
* Integrating dead-band supervision IDBS

The IDBS area[mAS4] is defined by the following equation:

_ |DeadB _
IDBS = —SampRate = |DeadB s

(Equation 385)

561



Monitoring of DC analog measurements Chapter 11
Monitoring

562

where:
IDeadB is the set value of the current level for IDBS in mA.
SampRate is the sampling rate (frequency) set value, in Hz.

ts = 1/SampRate is the time between two samples in s.

If 0.1 mA variation in the monitored quantity for 10 minutes (600 s) is the event that
should cause the trigger of the IDBS monitoring (reporting of the value because of
IDBS threshold operation) and the sampling frequency (SampRate) of the monitored
quantity is 5 Hz, than the set value for IDBS (IDeadB) will be 300 mA:

IDBS = 0.1[B00 = 60[mA s]

(Equation 386)

IDeadB = IDBS [SampRate = 60 [b = 300[mA]

(Equation 387)

The polarity of connected direct current input signal can be changed by setting the
ChSign to On or Off. Thisway it is possible to compensate by setting the possible
wrong connection of the direct current leads between the measuring converter and the
input terminals of the REx 5xx series unit.

The setting table lists all setting parameters with additional explanation.

Note!

1t is important to set the time for periodic reporting and deadband in an optimized way
to minimize the load on the station bus.
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Chapter 12 Metering

About this chapter
This chapter describes the metering functions.
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1 Pulse counter logic (PC)

1.1 Application

The pulse counter function providesthe Substation Automation system with the number
of pulses, which have been accumulated in the REx 5xx terminal during a defined pe-
riod of time, for calculation of, for example, energy values. The pulses are captured on
the Binary Input Module (BIM) that isread by the pulse counter function. The number
of pulsesin the counter isthen reported via LON to the station HMI or read via SPA as
aservicevalue.

The normal use for thisfunction isthe counting of energy pulsesfor kWh and kvarhin
both directions from external energy meters. Up to 12 binary inputsin a REx 5xx can
be used for this purpose with afrequency of up to 40 Hz.

1.2 Functionality

Theregistration of pulsesisdone for positive transitions (0->1) on one of the 16 binary
input channelslocated on the Binary Input Module (BIM). Pulse counter values areread
from the station HM1 with predefined cyclicity without reset, and an event is created.

The integration time period can be set in the range from 30 seconds to 60 minutes and
is synchronised with absolute system time. That means, acycletime of one minute will
generate a pulse counter reading every full minute. Interrogation of additional pulse

counter val ues can be done with acommand (intermediate reading) for asingle counter.
All active counters can also be read by the LON General Interrogation command (Gl).

The pulse counter in REx 5xx supports unidirectional incremental counters. That means
only positive values are possible. The counter uses a 32 bit format, that is, the reported
value is a 32-bit, signed integer with arange 0...+2147483647. The counter is reset at
initialisation of the terminal or by turning the pulse counter operation parameter Off/
On.

The reported value to station HMI over the LON bus contains Identity, Value, Time,
and Pulse Counter Quality. The Pulse Counter Quality consists of:

e Invalid (board hardware error or configuration error)
*  Wrapped around

* Blocked

* Adjusted
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The transmission of the counter value by SPA can be done as a service value, that is,
the value frozen in the last integration cycle isread by the station HMI from the data-
base. The pulse counter function updates the value in the database when an integration
cycleisfinished and activatesthe NEW_VAL signal in the function block. Thissignal
can be connected to an Event function block, be time tagged, and transmitted to the sta-
tion HMI. Thistime correspondsto the time when the value was frozen by the function.

Design

The function can be regarded as afunction block with a few inputs and outputs. The
inputs are divided into two groups: settings and connectables (configuration). The out-
puts are divided into three groups: signals (binary), service value for SPA, and an event
for LON.

Figure 260 shows the pulse counter function block with connections of the inputs and
outputs.

SingleCmdFunc — PulseCounter EVENT
OUTXx BLOCK _—
INVALID — INPUT1
SingleCmdFunc Pulse RESTART INPUT2
OUTx INPUT OUT TIMIT_VAL
— _'_
Pulse length >1s BLOCKED INPUT3
I/0O-module NEW_VAL INPUT4
BIx BIM_CONN
"PCxx-name" ——NAME * / /
5 Database
SMS settings K‘ Pulse counter value:
1.Operation = Off/On 0...2147483647
2.Cycletime = 30s...60min

3-Analog Event Mask = No/Report LON analog event data msg

(M_PC_T)
*|dentity
*Value

*Time )
*Pulse Counter Quality

xx00000543.vsd

Figure 260: Overview of the pulse counter function
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The BLOCK and TMIT_VAL inputs can be connected to Single Command blocks,
which are intended to be controlled either from the station HMI or/and the local HMI.
Aslong asthe BLOCK signal is set, the pulse counter isblocked. The signal connected
to TMIT_VAL performs one additional reading per positive flank. The signal must be
apulsewith alength >1 second.

The BIM_CONN input is connected to the used input of the function block for the Bi-
nary Input Module (BIM). If BIM_CONN is connected to another function block, the
INVALID signal is activated to indicate the configuration error.

The NAME input is used for a user-defined name with up to 19 characters.

Each pulse counter function block has four output signals. INVALID, RESTART,
BLOCKED, and NEW_VAL. These signals can be connected to an Event function
block for event recording.

TheINVALID signa isasteady signal andisset if the Binary Input Module, wherethe
pulse counter input is located, fails or has wrong configuration.

The RESTART signal isasteady signal and is set when the reported val ue does not
comprise a complete integration cycle. That is, in the first message after terminal start-
up, in the first message after deblocking, and after the counter has wrapped around dur-
ing last integration cycle.

The BLOCKED signal is asteady signal and is set when the counter is blocked. There
are two reasons why the counter is blocked:

e TheBLOCK inputis set, or
e TheBinary Input Module, where the counter input is situated, is inoperative.

The NEW_VAL signa isapulsesignal. The signal is set if the counter value was up-
dated since last report.

Calculations

Setting

From the PST Parameter Setting Tool under SETTINGS/PCO01-12 (Pulse Counter) in
the terminal tree, these parameters can be set individually for each pulse counter:

e Operation = Off/On

e CycleTime=30s/1min/1min30s/2min/2min30s/ 3min/4min/5min/6min/
7min30s/ 10min / 12min/ 15min/ 20min / 30min / 60min.
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Under EVENT MASK S/Analogue events/Pulse Counter in PST, the reporting of the
anal ogue events can be masked:

* Event Mask = No Events/Report Events

The configuration of theinputs and outputs of the pul se counter function block is made
with the CAP configuration tool.

On the Binary Input Module, the debounce filter timeisfixed set to 5 ms, that is, the
counter suppresses pulses with a pulse length less than 5 ms. The input oscillation
blocking frequency is preset to 40 Hz. That means that the counter finds the input os-
cillating if the input frequency is greater than 40 Hz. The oscillation suppression is re-
leased at 30 Hz. From the PST under CONFIGURATION/Binary 1/O-modules/
Oscillation in the terminal tree and from the local HMI, the values for blocking/rel ease
of the oscillation can be changed.

Note!

The setting is common for all channels on a Binary Input Module, that is, if changes of
the limits are made for inputs not connected to the pulse counter, the setting also influ-
ences the inputs on the same board used for pulse counting.
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About this chapter
This chapter describes the data communication and the associated hardware.
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Remote end data communication

Application

General

The hardware communication modules (or modems) for the Remote end data commu-
nication are available in basically three different versions:

» for optical communication
« for short range pilot wire communication

» for galvanic connection to communication equipment according to ITU (former
CCITT) and EIA interface standards.

All systems are designed to be ableto work at 64 kbit/s. Some of them can a so work at
North American standard of 56 kbit/s. Thisis especially pointed out in the description
under each module.

If the protection terminal islocated at along distance (>100 m for V.36, X.21 and
RS530 and >10m for G.703) from the communication equipment or multiplexer or if
the cables run through anoisy area, optical communication should be used to intercon-
nect the protection terminal and the communication equipment. In this case the protec-
tion terminal contains module used for optical fibre communication and a suitable
optical to electrical converter isinstalled close to the communication equipment due to
the fact that there exists no standard for optical connections to communication equip-
ment. The optical-to-electrical convertersthat can be used are FOX 6Plus (and FOX 20)
from ABB and 21-15xx or 21-16xx from FIBERDATA. The FOX6PIus together with
optical fibre modem supportsthe G.703 co-directional interfacing and with restrictions
for X.21 and V.36. 21-15xx supports V.35 and V.36 while 21-16xx supports X.21,
G.703 and RS530 co-directiona and contra-directional . For 21-15xx and 21-16xx short
range optical fibre modem is needed.

Note!

When using galvanic connection between protection terminal and communication
equipment or point to point galvanic connection between two protection terminals it is
essential that the cable installation is carefully done. See Installation and commission-
ing manual for further information.
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Optical connection of multiplexer is only possible if the multiplexer is of type
FOX6PIus or FOX20 from ABB. Theterminal can then be connected optically to the
multiplexer, provided the protection is equipped with the optical fibre modem , not the
short range fibre optical modem, and the FOX is equipped with an Optical Terminal
Module of type N3BT.

Design

The Remote end data communication consists of two parts, one software part that han-
dles the message structure, packing different pieces together, activate sending of the
messages, unpacking received messages etc, and one hardware part forming the inter-
face against external communication equipments. The hardware part, or built-in mo-
dems, can have either galvanic or optical connection. To ensure compatibility with a
wide range of communication equipment and media, the terminal is designed to work
within the signalling bandwidth of astandard CCITT PCM channel at 64 kbits/s. To en-
able the usein North American EIA PCM systems working at 56 kbits/s, some of the
interfacing modules can be adapted to this bit rate.

The message is based on the HDL C protocol. Thisisa protocol for the flow manage-
ment of the information on a data communication link that iswidely used. The basic
information unit on an HDLC link isaframe. A frame consists of:

» start (or opening) flag

» address and control fields (if included)
o datato betransmitted

+ CRCword

» end (or closing) flag.

The start and stop flags are 8 bit each and the Cyclic Redundancy Check (CRC) 16 bits.
The datafield differsif between a message sent from a dlave to amaster and amessage
sent from amaster to aslave. The principle design isaccording to figure 261 "Datames-
sage structure” on page 571.

Start Information CRC Stop
flag flag
8 bits n x 16 bits 16 bits 8 bits

en01000134.vsd

Figure 261: Data message structure
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Thestart and stop flagsarethe 0111 1110 sequence (7E hexadecimal) definedin HDLC
standard. The CRC is designed according to standard CRC16 definition.

The optional addressfield inthe HDL C frameis not used, instead a separate addressing
isincluded in the datafield.

Theaddressfield isused for checking that the received message originates from the cor-
rect equipment. There isaways arisk of multiplexers occasionally mixing up the mes-
sages. Each terminal is given different terminal numbers. The terminal isthen
programmed to accept messages only from a specific terminal number.

If the CRC function detects afaulty message, the message isthrown away and not used
in the evaluation. No data restoration or retransmission are implemented.

The hardware, consisting of a Data communication module, is placed in an applicable
dot in the terminal. To add or remove the module, a reconfiguration of the terminal is
done from the graphical configuration tool, CAP.
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Optical fibre communication module

Design

The optical communication module is designed to work with both 9/125 um single-
mode fibres and 50/125 or 62,5/125 pum multimode fibres at 1300 nm wavelength. The
connectors are of type FC-PC (SM) or FC (MM) respectively. Two different levels of
optical output power are used. Thelevel of optical power is selected with asetting. Low
power isused at short fibersin order not to saturate the receiver and thereby jeopardiz-
ing the functionality, and high power is used for long fibers to handle the high attenua-
tion that follow. The optical budget of the modem, at high output power, is 16dB for
single mode fiber and 21dB for multi mode fiber. This meansthat the total loss hasto
be less than the optical budget. The losses in the connection in the protection terminal
are not to be included in the optical budget since they are already accounted for. The
maximum reach will depend on the properties of the used optical fiber but be around 20
km for multi mode fibers and about 30 km for single mode during normal conditions.

Example: The attenuation in the fibresis normally approximately 0.8 dB/km for multi-
mode and 0.4 dB/km for single-mode. Additional attenuation due to installation can be
estimated to be 0.2dB/km for multimode and 0.1 dB/km for single-modefibres. For sin-
gle-modefibreand high output power thisresultsin amaximum distance of 32km. With
lower attenuation, alonger distance can be achieved.
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Figure 262: Block diagram for the optical communication module.
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Galvanic data communication module

Application

Interface modules for V.36, X.21 and RS530
These interface modules are intended for connection to commercially available com-

muni cation equi pments or multiplexers and can be used both with 56 and 64 kbit/s data
transmission.

Since the protection communicates continuously, a permanent communication circuit
isrequired. Consequently, the call control and handshaking features specified for some
interfacing recommendations are not provided.

Even if the standard claims that the reach for these interfaces are up to 1 km at 64 kbit/
sitisnot recommended to use that distance for protection purposes where the commu-
nication has to be reliable also under primary power system faults. Thisis due to the
low level of the communication signals which giveslow margin between signal and
noise. If the protection terminal isin the same building as the multiplexing equipment
and the environment is relatively free from noise, the protection terminal may be con-
nected directly to the multiplexer via shielded and properly earthed cableswith twisted
pairs for distances less than 100 m.

Modules are available for the following interface recommendations, specifying the in-
terconnection of the digital equipment to a PCM multiplexer:

» V.35/36 co-directional galvanic interface

» V.35/36 contra-directional galvanic interface

* X.21 galvanic interface

» RS530/422 co-directional galvanic interface

» RS530/422 contra-directional galvanic interface

Note!

Due to problems of timing co-directional operation for V.35/36 and RS530 is only rec-
ommended to be used for direct back-to-back operation, for example during laboratory
testing!
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Figure 263: Multiplexed link, galvanic connection
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Figure 264: Block diagram for the galvanic communication module
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Short range galvanic module

Application

Short range galvanic modem

The short range galvanic modem is used for point to point synchronous data transmis-
sion at 64 kbit/s at distances up to 3 km. Transmission is performed simultaneously in
both directions, full duplex, over four wiresin acommunication (pilot wire) line ac-
cording to figure 265.

Twisted
pair cable

REX5xx REX5xx

xx00000540.vsd

Figure 265: Dedicated link, short range galvanic modem

Compared to normal datatransmission standards, for example V.36, X.21 etc., the short
range modem increase the operational security and admitslonger distances of transmis-
sion. Thisis achieved by a careful choice of transmission technology, modified M-3
balanced current loop and galvanic isolation between the transmission line and the in-
ternal logic of the protection terminal.

The reach will depend on the used cable. Higher capacitance between conductors and
higher resistance will reduce the reach. The use of screened cables will increase the ca-
pacitance and thereby shorten the reach but this will often be compensated by the re-
duced noise giving abetter operational security. Maximum rangesasafunction of cable
parameters are given in the diagram in figure 266.
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Figure 266: Maximum reach for short range galvanic modem

Note!

The reaches in the diagram, figure 266, are given for twisted-pair and double-screened
cables, one screen for each pair and one common outer screen. For non twisted-pair
cables, the reach has to be reduced by 20%. For non pair-screened cables, the reach
also has to be reduced by 20%. For non twisted and single screened cables, one com-
mon outer screen, the reach will therefor be reduced by 40%.
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5.1

Short range optical fibre module

Application

The short range optical fibre modem is used for point to point synchronous 64 kbit/s
datatransmission at distancesup to 5 km, the principleis according to figure 267. It can
also be used together with optic fibre transceiver type 21-15xx/16xx from FIBERDA -
TA inorder to get an optical link between the protection terminal and aremotely located
communication equipment as in figure 268.

21-15xx supportsinterfacesaccording to I TU (former CCITT) standards V.35 and V.36
co- and contra-directional. 21-16xx supports interfaces standards X21 and G.703 ac-
cordingto ITU (former CCITT) and RS.530 according to EIA co- and contra-direction-
al.

Transmission is performed simultaneously in both directions, full duplex, over two op-
tical fibres. The fibres shall be of multi mode type, 50/125 pm or 62.5/125 pm.

The optical budget of the modem is 15dB. This means that the total lossin the fiber op-
tic communication path including splices, connectorsand al so ageing and other margins
of thefiber hasto belessthan 15dB. Thelossesin the connection for the protection ter-
minal are not to be included in the optical budget since they are already accounted for.
The maximum reach will depend on the properties of the used optical fiber but is be-
tween 3 and 5 km during normal conditions.

The short range optical module has ST type connectors.

Optical
fibres

REX5xx REX5xx

<
<

en01000248.vsd

Figure 267: Dedicated link, optical fibre connection
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Figure 268: Multiplexed link, short range optical fibre connection
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G.703 module

Application

Interface modules for G.703 co-directional

Thisinterface module isintended for connection to commercialy available communi-
cation equipments or multiplexers with G.703 interface. It can only be used with trans-
mission rate of 64 kbit/s. Furthermoreit only supports co-directional operation. Contra-
directional and centralised clock are not supported.

Even if the standard claims that the reach can be rather long at 64 kbit/s, it is not rec-
ommended to use this for protection purposes where the communication hasto bereli-
able also under primary power system faults. Thisis due to the low level of the
communication, signalsonly 1V, which giveslow margin between signal and noise. If
the protection and the communication equipment are located in the same room and the
environment is free of noise, the protection terminal may be connected directly to the
multiplexer viashielded and properly earthed cables with twisted pairs, same as shown
in figure for V.36 etc, for distances up to 10 m.
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Carrier module

Application

Use the carrier module with the appropriate galvanic or optical communication sub-
modul e for short range communication of binary signals. Use the optical communica-
tion module when connecting a FIBERDATA 21-15X or FIBERDATA 21-16X
optical-to-electric modem. The 21-15X model supports V.35 and V.36 standards, and
the 21-16X model X.21, RS530 or G.703 standards.

Design

The carrier module is used to connect a communication sub-module to the platform. 1t
adds the CAN-communication and the interface to the rest of the platform. By this the
capability to transfer binary signals between for example two distance protection units
is added.

The following three types of sub-modules can be added to the carrier module:

»  Short range galvanic communication module
e Short range optical communication module
e (G.703 communication module

The carrier modul e senses the type of sub-module via one of the two connectors.



Carrier module Chapter 13
Data communication

Micro-
controller

Sub-module

Backplane connector

99000520.vsd

Figure 269: Block diagram for the carrier module.

583



Serial communication Chapter 13
Data communication

8.1

584

Serial communication

Application

The serial communication can be used for different purposes, which enable better ac-
cessto the information stored in the terminals. The serial communication is also used
for communication directly between terminals (bay-to-bay communication).

The serial communication can be used with a station monitoring system (SMS) or with
asubstation control system (SCS). Normally, SPA communication isused for SMSand
SCS; LON communication is used for SCS. Additionally, LON communication can
also be used for SMS 510. SPA communication is also applied when using the front
communication port, but for this purpose, no special serial communication function is
required in the terminal. Only the software in the PC and a special cable for front con-
nection is needed.

The rear SPA-port can aternatively be set up for IEC 60870-5-103 communi cation.
I|EC 60870-5-103 is a standard protocol for protection functions.
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9.3

Serial communication, SPA

Functionality

The SPA protocol V2.5 isan ASCII-based protocol for serial communication. The com-
munication is based on a master-dave principle, where the terminal is a dave and the
PC isthe master. Only one master can be applied on each optic fibre loop. A program
is needed in the master computer for interpretation of the SPA-bus codes and for trans-
lation of the settings sent to the terminal.

Design

When communicating locally with a Personal Computer (PC) in the station, using the
rear SPA port, the only hardware needed for a station monitoring system is:

» Optical fibres

» Opto/electrical converter for the PC

« PC

When communicating remotely with a PC using the rear SPA port, the same hardware
is needed plus telephone modems.

The software needed in the PC, either local or remote, is CAP 540.

When communicating to a front-connected PC, the only hardware required is the spe-
cial front-connection cable.

Calculations

The parameters for the SPA communication are set viathe local HMI. Refer to the
Technical reference manual for setting parameters and path in local HMI.

The SPA and the |EC use the same rear communication port. To define the protocol to
be used, asetting isdone on thelocal HMI. Refer to the Install ation and commissioning
manual for setting procedure.

When the type of communication protocol is defined, the power to the terminal has to
be switched off and on.

The most important settings in the terminal for SPA communi cation are the slave num-

ber and baud rate (communication speed). These settings are absolutely essential for all
communication contact to the terminal.
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These settings can only be done on the local HMI for rear channel communi cation and
for front channel communication.

The slave number can be set to any value from 1 to 899, aslong as the slave number is
unique within the used SPA loaop.

The baud rate, which isthe communication speed, can be set to between 300 and 38400
baud. The baud rate should be the same for the whole station, although different baud
ratesin aloop arepossible. If different baud ratesin the samefibre optical |oop are used,
consider this when making the communication setup in the communication master, the
PC. The maximum baud rate of the front connectionis limited to 9600 baud.

For local communication, 19200 or 38400 baud isthe normal setting. If telephone com-
munication is used, the communication speed depends on the quality of the connection
and on the type of modem used. But remember that the terminal does not adapt its speed
to the actual communication conditions, because the speed is set on the HMI of theter-
minal.
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10.1

10.2

Serial communiction, IEC

Functionality

The IEC 60870-5-103 is an unbalanced (master-slave) protocol for coded-bit serial
communication exchanging information with a control system. In |[EC terminology a
primary station is a master and a secondary station is aslave. The communication is
based on a point to point principle. The master must have a software that can interpret
the IEC 60870-5-103 communication messages. For detailed information about IEC
60870-5-103, refer to the IEC60870 standard part 5: Transmission protocols, and to the
section 103: Companion standard for the informative interface of protection equipment.

Design

General
The protocol implementation in REx 5xx consists of the following functions:

» Event handling
* Report of analog service values (measurands)
* Fault location
* Command handling

- Autorecloser ON/OFF

- Teleprotection ON/OFF

- Protection ON/OFF

- LED reset

- Characteristics 1 - 4 (Setting groups)
» Filetransfer (disturbance files)
e Time synchronization

Hardware

When communicating locally with a Personal Computer (PC) or a Remote Terminal
Unit (RTU) in the station, using the SPA/IEC port, the only hardware needed is:

» Optical fibres, glass/plastic
» Opto/electrical converter for the PC/RTU
« PC/RTU
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Events

Theeventscreated in theterminal availablefor the IEC 60870-5-103 protocol are based
on the event function blocks EV01 - EV06. These function blocks include the function
type and the information number for each event input, which can be found in the IEC-
document. See aso the description of the Event function.

Measurands

The measurands can be included as type 3.1, 3.2, 3.3, 3.4 and type 9 according to the
standard.

Fault location

Thefault location isexpressed in reactive ohms. Inrelation to theline length in reactive
ohms, it gives the distance to the fault in percent. The datais available and reported
when the fault locator function isincluded in the terminal.

Commands

The commands defined in the |EC 60870-5-103 protocol are represented in adedicated
function block. Thisblock has output signals according to the protocol for all available
commands.

File transfer

Thefiletransfer functionality isbased on the Disturbance recorder function. The analog
and binary signals recorded will be reported to the master. The eight last disturbances,
that arerecorded, are availablefor transfer to the master. A filethat hasbeen transferred
and acknowledged by the master can not be transferred again.

The binary signals, that are reported, are those that are connected to the disturbance
function blocks DRP1 - DRP3. These function blocks include the function type and the
information number for each signal. See also the description of the Disturbance report.

The anaog channels, that are reported, arethefirst four current inputs and the first four
voltage inputs.

Calculations

Settings from the local HMI

The parameters for IEC communication are set viathe local HMI. Refer to the Techni-
cal reference manual for setting parameters and path in local HMI.

The SPA and the |EC use the same rear communication port. To define the protocol to
be used, a setting is done on the local HMI. Refer to Installation and commissioning
manual for setting procedure.
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When the type of communication protocol is defined, the power to the terminal hasto
be switched off and on.

The settings for |EC 60870-5-103 communication are the following:

» Individualy blocking of commands

»  Setting of measurand type

»  Setting of main function type and activation of main function type
o Settingsfor slave number and baud rate (communication speed)

» Command for giving Block of information command

Each command hasits own blocking setting and the state can be set to OFF or ON. The
OFF state corresponds to non-blocked state and ON corresponds to blocked state.

The type of measurands can be set to report standardised types, Type 3.1, Type 3.2,
Type 3.3, Type 3.4 or Type9.

The use of main function type isto facilitate the engineering work of the terminal.The
main function type can be set to values according to the standard, thisis, between 1 and
255. The value zero is used as default and corresponds to not used.

The setting for activation of main function type can be set to OFF or ON. The OFF state
correspondsto non-activated state and ON correspondsto activated state. Upon activat-
ed the main function type overrides all other settings for function type within the termi-
nal, that is, function type settings for event function and disturbance recorder function.
When set to OFF, function type settings for event function and disturbance recorder
function use their own function type settings made on the function blocks for the event
function and disturbance recorder respectively. Though for all other functions they use
the main function type even when set to OFF.

The slave number can be set to any value between 0 to 255.

The baud rate, the communi cation speed, can be set either to 9600 bits/s or 19200 bitg/s.
Information command with the value one (1) blocks al information sent to the master
and abort any Gl procedure or any file transfer in process. Thus issuing the command

with the value set to zero (0) will allow information to be polled by the master.

The dialogue to operate the output from the BlockOfInformation command function is
performed from different state as follows:

1. Selection active; select the:
+ C button, and then the No box activates.
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e Up arrow, and then New: 0 changesto New: 1. The up arrow changes to the
down arrow.

¢ E button, and then the Y es box activates.

2. Yes box active; select the:
« C button to cancel the action and return to the BlockOflnfo window.
« E button to confirm the action and return to the BlockOfInfo window.
* Right arrow to activate the No box.

3. No box active; select the:
e C button to cancel the action and return to the BlockOfInfo window.
« E button to confirm the action and return to the BlockOfInfo window.
« Left arrow to activate the Y es box.

Settings from the CAP tool

Event

For each input of the Event function there isasetting for the information number of the
connected signal. The information number can be set to any value between 0 and 255.
In order to get proper operation of the sequence of events the event masks in the event
function shall be set to ON_CHANGE. For single-command signals, the event mask
shall be setto ON_SET.

In addition there is a setting on each event block for function type. Refer to description
of the Main Function type set on the local HMI.

Commands

Asfor the commands defined in the protocol there is a dedicated function block with
eight output signals. The configuration of these signals are made by using the CAP tool.

To realise the BlockOfI nformation command, which is operated from the local HMI,
the output BLKINFO on the IEC command function block ICOM has to be connected
to an input on an event function block. Thisinput shall have the information number 20
(monitor direction blocked) according to the standard.

File transfer

For each input of the Disturbance recorder function thereisasetting for theinformation
number of the connected signal. The information number can be set to any value be-
tween 0 and 255.

Furthermore thereisasetting on each input of the Disturbance recorder function for the
function type. Refer to description of Main Function type set on the local HMI.
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11.1

11.2

Serial communication, LON

Application

An optical network can be used within the Substation Automation system. This enables
communication with the terminal through the LON bus from the operator’ sworkplace,
from the control center and also from other terminals.

Station HMI
such as Control Center

Micro SCADA
LON-bus with LIB 520

REX 5xx Q
REX 5xx ;

REX 5xx
P en01000081.vsd

Gateway

Where:

1 Minute pulse synchronization from station clock to obtain 1 ms accuracy
within the substation

Figure 270: Example of LON communication structure for substation automation

Functionality

The LON protocol is specified in the LonTakProtocol Specification Version 3 from
Echelon Corporation. This protocol is designed for communication in control networks
and is a peer-to-peer protocol where al the devices connected to the network can com-
municate with each other directly. For more information of the bay-to-bay communica-
tion, refer to the sections Event function and Multiple command function.
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Design

The hardware needed for applying LON communication depends on the application,
but one very central unit needed isthe LON Star Coupler and optical fibres connecting
the star coupler to the terminals. To communicate with the terminals from MicroSCA--
DA, the application library LIB 520 is needed.

The HV/Control and the HV/REx 500 software modules are included in the L1B 520
high-voltage process package, which isapart of the Application Software Library with-
in MicroSCADA applications.

The HV/Control software module isintended to be used for control functions in REx
5xx terminals. This module contains the process picture, dialogues and process data-
base for the control application in the MicroSCADA.

The HV/REXx 500 software module is used for setting and monitoring of the terminal
viathe MicroSCADA screen. At use of this function the PST Parameter Setting Tool
(of v1.1 or higher) isrequired.

Calculations

The parameters for the LON communication are set viathe local HMI. Refer to the
Technical reference manual for setting parameters and path in local HMI.

Usethe LNT, LON Network Tool to set the LON communication. Thisis a software
tool applied as one node on the LON bus. In order to communicate via L ON, the termi-
nals need to know which node addresses the other connected terminals have, and which
network variable selectors should be used. Thisisorganised by the LNT.

The node addressis transferred to the LNT viathe local HMI by setting the parameter
ServicePinMsg=Y ES. Thennode addressissenttothe LNT viathe LON bus, or the LNT
can scan the network for new nodes.

The speed of the LON busis set to the default of 1.25 MHz. This can be changed by the
LNT.

If the LON communication from the terminal stops, caused by setting of illegal com-
muni cation parameters (outside the setting range) or by another disturbance, it is possi-
ble to reset the LON port of the terminal.

By setting the parameter LONDefault=Y ES, the LON communication isreset in the ter-
minal, and the addressing procedure can start from the beginning again.
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Thereare anumber of session timerswhich can be set viathelocal HMI. These settings
are only for advanced use and should only be changed after recommendation from
ABB.
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Chapter 14 Hardware modules

About this chapter
This chapter describes the different hardware modules.
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Platform

General

The REx 5xx platform consists of a case, hardware modules and a set of basic functions.

The closed and partly welded steel case makes it possible to fulfill stringent EMC re-
quirements. Three different sizes of the case are available to fulfill the space require-
ments of different terminals. The degree of protection isIP 40 according to IEC 529 for
cases with the widths 1/2x19” and 3/4x19”. For case size 1/1x19” |P 30 appliesfor the
top and bottom part. |P 54 can be obtained for the front areain flush and semiflush ap-
plications. Mounting kits are available for rack, flush, semiflush or wall mounting.

All connections are made on the rear of the case. Screw compression type terminal
blocks are used for el ectrical connections. Serial communication connections are made
by optical fibre connectors type Hewlett Packard (HFBR) for plastic fibres or bayonet
type ST for glass fibres.

A set of hardware modules are ' waysincluded in aterminal . Application specific mod-
ules are added to create a specific terminal type or family.

The basic functions provide aterminal with basic functionality such as self supervision,
I/O-system configurator, real time clock and other functions to support the protection
and control system of aterminal.
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Platform configuration

Table 25: Basic modules, always included

Module Description

Backplane module Carries all internal signals between modules in
a terminal. The size of the module depends on
the size of the case.

1/1x19": 13 slots available for 1/O.
3/4x19”: 8 slots available for I/O.
1/2x19": 3 slots available for 1/0.

Power supply module (PSM) Available in two different versions, each includ-
ing a regulated DC/DC converter that supplies
auxiliary voltage to all static circuits.

e Forcase size 1/2x19” and 3/4x19” a version
with four binary inputs and five binary outputs
are used. One of the five outputs is reserved for
the internal fail alarm.

*  For case size 1/1x19" a version without

binary 1/0:s and increased output power is
used. An internal fail alarm output is available.

Main processing module (MPM) Module for overall application control. All infor-
mation is processed or passed through this
module, such as configuration, settings and
communication.

Human machine interface (LCD-HMI) The module consist of LED:s, a LCD, push but-
tons and an optical connector for a front con-
nected PC

Table 26: Application specific modules

Module Description

Signal processing module (SPM) Module for protection algorithm processing.
Carries up to 12 digital signal processors, per-
forming all measuring functions.

Milliampere input module (MIM) Analog input module with 6 independent, gal-
vanically separated channels.

Binary input module (BIM) Module with 16 optically isolated binary inputs
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Module

Description

Binary output module (BOM)

Module with 24 single outputs or 12 double-pole
command outputs including supervision function

Binary I/O module (IOM)

Module with 8 optically isolated binary inputs,
10 outputs and 2 fast signalling outputs.

Data communication modules (DCMs)

Modules used for digital communication to
remote terminal.

Transformer input module (TRM)

Used for galvanic separation of voltage and/or
current process signals and the internal cir-
cuitry.

A/D conversion module (ADM)

Used for analog to digital conversion of analog
process signals galvanically separated by the
TRM.

Optical receiver module (ORM)

Used to interface process signals from optical
instrument transformers.

Serial communication modules (SCM)

Used for SPA/LON/IEC communication
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Figure 271: Basic block diagram
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Figure 272: Internal hardware structure showing a full width case configuration

599



Platform

Chapter 14
Hardware modules

1.3 3/14x19" platform
REX 5xx
S7 Sol sSl1 S1t S15 S17 S19 $21 S23 S25 SP7 S29
99000524.vsd
Figure 273: Hardware structure of the 3/4x19” case
1.4

1/2x19" platform

REX 5xx
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Figure 274: Hardware structure of the 1/2x19” case
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Transformer input module (TRM)

Current and voltage input transformers form an insulating barrier between the external
wiring and internal circuits of the terminal. They adapt the values of the measuring
guantitiesto the static circuitry and prevent the disturbances to enter the terminal. Max-
imum 10 ana og input quantities can be connected to the transformer module (TRM). A
TRM with maximum number of transformers has:

» Fivevoltage transformers. The rated voltage is selected at order.
e Fivecurrent transformers. The rated currents are selected at order.

The input quantities are the following:

» Three phase currents
* Residua current of the protected line

* Residua current of the parallel circuit (if any) for compensation of the effect of the
zero sequence mutual impedance on the fault locator measurement or residual cur-
rent of the protected line but from a parallell core used for CT circuit supervision
function or independent earthfault function.

» Three phase voltages

» Opendeltavoltagefor the protected line (for an optional directional earth-fault pro-
tection)

» Phase voltage for an optional synchronism and energizing check.

The actual configuration of the TRM depends on the type of terminal and included func-
tions. See figure 275 and figure 276.
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Figure 275: Block diagram of the TRM for REL 551, Line differential protection
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Current Input connector

Voltage Input connector
Backplane connector
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Figure 276: Block diagram of the TRM with maximum number of transformers used in
most REx 5xx.
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A/D-conversion module (ADM)

The incoming signals from the intermediate current transformers are adapted to the
electronic voltage level with shunts. To gain dynamic range for the current inputs, two
shunts with separate A/D channels are used for each input current. By that a 16-bit dy-
namic range is obtained with a 12 bits A/D converter.

The next step in the signal flow isthe analog filter of the first order, with a cut-off fre-
quency of 500 Hz. Thisfilter isused to avoid aliasing problems.

The A/D converter has a 12-bit resolution. It samples each input signal (5 voltages and
2x5 currents) with a sampling frequency of 2 kHz.

Before the A/D-converted signals are transmitted to the signal processing module, the
signals are band-pass filtered and down-sampled to 1 kHz in adigital signal processor
(DSP).

Thefilter in the DSPisanumerical filter with a cut-off frequency of 250 Hz.

Thetransmission of data between the A/D-conversion modul e and the signal processing
module is done on a supervised serial link of RS485 type. This transmission is per-
formed once every millisecond and containsinformation about all incoming analog sig-
nals.
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Figure 277: Block diagram for the ADM
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Optical receiver module (ORM)

The optical receiver module (ORM) isused to interface signals from optical instrument
transformer platform (OITP) to the terminal. The ORM will replace the conventional
analog input modules. Either 50 or 60 Hz signalsis handled by the module. Only one
of the frequencies must be selected and used for all inputs.

The optical receiver module has four optical input channels that handles data from op-
tical instrument transformer platform (OI TP). It convertsthe OI TP datato aformat used
in the terminal. The received datais processed in different ways depending on the set-
ting of the eight pole dip-switch of the module.
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Figure 278: Block diagram for the ORM
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Signal processing module (SPM)

All numerical dataisreceived in al of the up to 12 (16 bits) digital signal processors
(DSP). In these DSPs, the main part of the filtering and the calcul ations take place. The
result from the calculations in the DSPsis sent every millisecond on a parallel busto
the (32 bit) main controller on the Main processing module.

A
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Figure 279: Block diagram of the SPM
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Input/Output modules

General

The number of inputs and outputsin a REx 5xx terminal can be selected in avariety of
combinations depending on the size of the rack. Thereis no basic I/O configuration of
the terminal. The table below shows the number of available inputs or output modules
for the different platform sizes.

Platform size 1/1x19” 3/4x19” 1/2x19”

I/O slots available 13 8 3

A number of signals are available for signalling purposesin the termina and all are
freely programmable. The voltage level of the input/output modulesis selectable at or-
der.

Figure 280 shows the operating characteristics of the binary inputs of the four voltage
levels.
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Figure 280: Voltage dependence for the binary inputs

Table 27: Input voltage ranges explained

. Guaranteed operation

Operation uncertain

No operation

The 1/0 modules communicate with the Main Processing Module viathe CAN-bus on
the backplane.

Thedesign of al binary inputs enablesthe burn off of the oxide of therelay contact con-

nected to the input, despite the low, steady-state power consumption, which is shown
in figure 281.
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Figure 281: Current through the relay contact

Binary input module (BIM)

The binary input module contains 16 optically isolated binary inputs. The binary inputs
arefreely programmable and can be used for theinput logical signalsto any of the func-
tions. They can also be included in the disturbance recording and event recording func-
tions. This enables the extensive monitoring and eval uation of operation for the
terminal and for all associated electrical circuits. The voltage level of the binary input
modules can be selected at order.
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Figure 282: Block diagram of the binary input module

The Binary output module has 24 single-output relays or 12 command-output relays.
They are grouped together as can be seen in figure 283 and 284. All the output relays

have contacts with a high switching capacity (trip and signal relays).
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Figure 283: Block diagram of the binary output module

Two single output relay contacts can be connected in series (which gives acommand
output) in order to get a high security at operation of high voltage apparatuses.
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Figure 284: One of twelve binary output groups

The output relays are provided with a supervision function to ensure a high degree of
security against unwanted operation. The status of the output circuits is continuously
read back and compared with the expected status. If any discrepancy occurs, an error is
reported. Thisfunction covers:

* interrupt or short circuit in an output relay coil
» failure of an output relay driver.

Binary 1/0 module (IOM)

The binary in/fout modul e contains eight optically isolated binary inputs and twelve bi-
nary output contacts. Ten of the output relays have contacts with a high-switching ca-
pacity (trip and signal relays). The remaining two relays are of reed type and for
signalling purpose only. The relays are grouped together as can be seen in the terminal
diagram.
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Power supply module (PSM)

The power supply module (PSM) contains a built-in, self-regulated DC/DC converter
that provides full isolation between the terminal and the external battery system. The
wide input voltage range of the DC/DC converter converts an input voltage range from
48 to 250V, including a +/-20% tolerance on the EL voltage. The output voltages are
+5, +12 and -12 Volt.

The PSM, used in the 1/2x19” and 3/4x19” platforms, has built-in binary 1/0 with four
optically isolated inputs and five outputs. One of the binary outputs is dedicated for in-
ternal fail. The PSM can provide power up to 20W.
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Figure 286: Block diagram for the PSM used in 1/2x19” and 3/4x19" cases.
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mA input module (MIM)

The mA input module (MIM) has six independent analog channels with separated pro-
tection, filtering, reference, A/D-conversion and optical isolation for each input making
them galvanically isolated from each other and from the rest of the module.

The analog inputs measure DC and low frequency currentsin range of up to +/- 20mA.
The A/D converter hasadigital filter with selectablefilter frequency. All inputsare cal-
ibrated separately and the calibration factors are stored in a non-volatile memory and
the module will self-calibrate if the temperature should start to drift. This module com-
muni cates, like the other 1/0- modules, with the Main Processing Module viathe CAN-
bus.
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Figure 287: Block diagram of the mA input module
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Human-machine interface (HMI)

The local HMI module consists of three LEDs (red, yellow, and green), an LCD with
four lines, each containing 16 characters, six buttons and an optical connector for PC
communication.

LEDs
A

e N\
green vyellow red

Liquid Crystal Display
four rows
16 characters/row

Ready Start Trip
REL 531 Ver 2.3
C=Quit
E=Enter menu

Optical connector

for local PC Push buttons
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Figure 288: Local HMI

ThePCisconnected viaaspecial cable, that hasabuilt-in optical to electrical interface.
Thus, disturbance-free local serial communication with the personal computer is
achieved. Software tools are available from ABB for thiscommunication. A PC grestly
simplifies the communication with the terminal. It also gives the user additional func-
tionality which is unavailable on the HMI because of insufficient space. The LEDs on
the HMI display this information:
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Table 28: The local HMI LED display

LED indication Information

Green:

Steady In service

Flashing Internal failure

Dark No power supply

Yellow:

Steady Disturbance Report triggered

Flashing Terminal in test mode

Red:

Steady Trip command issued from a protection function or disturbance recorder
started

Flashing Blocked
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Serial communication modules (SCM)

Design, SPA/IEC

The serial communication modulefor SPA/IEC isplaced in aslot at the rear part of the
main processing module. The serial communication module can have connectors for
two plastic fibre cables or two glassfibre cables. Theincoming optical fibreisconnected
to the RX receiver input and the outgoing optical fibre to the TX transmitter output.
When the fibre optic cables are laid out, pay specia attention to the instructions con-
cerning the handling, connection, etc. of the optical fibres. The module isidentified
with a number on the label on the module.

Design, LON

The serial communication modulefor LON isplaced inadlot at therear part of theMain
processing module. The serial communication module can have connectors for two
plastic fibre cables or two glass fibre cables The incoming optical fibreis connected to
the RX receiver input and the outgoing optical fibre to the TX transmitter output. Pay
specia attention to the instructions concerning the handling, connection, etc. of the op-
tical fibres. The module isidentified with a number on the label on the module.
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11.1

Data communication modules (DCM)

Application

The remote terminal communication modules are used both for differential line protec-
tion applications and for binary transfer of up to 32 signals to remote end (RTC), for
example for distance protections. The following hardware modules are available:

« V.36

« X.21
 RS530
« G.703

» Short-range galvanic module
» Fibre optical communication module
» Short-range fibre optical module

The galvanic data communication modules according to V.36, X.21 and RS530 can be
used for galvanic short range communication covering distances up to 100 min low
noise environment. Only contra-directional operation is recommended in order to get
best system performance.These modules are designed for 64 kbit/s operation but can
also be used at 56 kbit/s.

The galvanic data communication module according to G.703 is not recomended for
distances above 10 m. Special attention must be paid to avoid problems due to noisein-
terference. This module is designed only for 64 kbit/s operation.

The short-range gal vanic module can be used for communication over galvanic pilot
wires and can operate up to distances between 0,5 and 4 km depending on pilot wire
cable. Twisted-pair, double-screened cable is recommended.

The fibre optical communication module can be used both with multi-mode and single-
mode fibres. The communication distance can typically be up to 30 km for single mode
fibre, with high quality fibreseven longer. Thisinterface can also be used for direct con-
nection to communication equipment of type FOX from ABB.

The short-range fibre optical module can only be used with multi-mode fibre . The com-
munication distance can normally be up to 5 km. Thismodule can also be used for direct
connection to communication equipments of type 21-15xx and 21-16xx from FIBER-
DATA
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